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[Ipenuciaosue

Hacrosiee yuebHoe nmocoOue npenHa3HaueHo )i 3aHSATUH CO CTyACHTaMU
2 xypca Uucturyra ¢pusuku Kazanckoro (IIpuBomxckoro) dbenepaibHOro yHUBEp-
cuteTa), oOyvaronuxcs mo HampasieHuto 28.03.01 «HaHoTexHONIOTUU U MUKPO-
CUCTEMHAasi TEXHUKA.

VY4ebnoe nocobue pa3paboTaHo ISl Pa3BUTHS HABBIKOB UYTEHUS TEKCTOB IO
CHELMAIBHOCTH, CO3/1aHUS Y CTYJICHTOB HE0OX0IUMOTO B MPO(HEeCCHOHATILHOM Jesi-
TEJIbHOCTH JIEKCUYECKOTO 3amaca, OTpadOTKH HAaBBIKOB MEpeBOja CHelUalbHbIX U
HAy4YHBIX TEKCTOB, a TAK)KE HaBBIKOB YCTHOM M MMCbMEHHOM peyu.

[Ipu oTOOpe TEeKcTOBOrOo MaTepuala B KaueCTBE OCHOBHOI'O KPUTEpPHUS CIIy-
*uia nHGOpPMaTUBHAS LIEHHOCTh TEKCTOB U UX COOTBETCTBUE CIELIUAILHOCTH CTY-
JEHTOB. BOJBITMHCTBO TEKCTOB MOCOOWS B3SITO M3 OPUTMHAIBHOW AHTJIMMCKON U
aMEPHUKAaHCKOW JIUTepaTyphbl. B OTENbHBIX CllydasiX TEKCThl MOJABEPrajiuch ajai-
Talll{ U COKPAILECHHUIO.

Hacrosimee mocobue cocrout u3 3 pazgenos: Unit 1 The Subject of Nano-
technology, Unit 2 Approaches in Nanotechnology, Unit 3 Application of Nano-
technology. Kaxapiii pa3nen BkiatouaeT B ce0si 4 0a30BBIX TEKCTa, P MPOXOKIIE-
HUU KOTOPBIX MPETyCMaTPUBAETCS BBIIOJIHEHUE TECTa HA OCHOBE MPOMIEHHOMN Te-
MaTHUKH.

[IpunoxkeHue BkiIOYaeT B ce0s PEKOMEHJALMU 10 COCTABJICHUIO aHHOTA-
LU, Tpe3eHTalu, CJI0Baph COKPAILEHUNA U YCIOBHBIX O0O3HAUYEHUW M JIOMOJIHU-

TCJIBbHBIC TCKCTHI AJI1 YTCHUA.



Contents

Unit 1. The Subject of Nanotechnology 5

Text 1. What is nanotechnology? 5

Text 2. The history of nanotechnology 13
Text 3. Light is a wonderful medium for carrying information 20
Text 4. Nanoshells and invisibility cloaks 27
Test 1 (Unit 1). 36
Unit 2. Approaches in Nanotechnology 38
Text 1. Fullerenes, the Building Blocks 38
Text 2. Production methods of Fullerences 47
Text 3. Raman spectography — the diagnostic tool 57
Text 4. Symmetry 66
Test 2 (Unit 2). 74
Unit 3. Application of Nanotechnology 76
Text 1. Current trends in nanotechnology 76
Text 2. Myths and realities 86
Text 3. Nanoengineered bioinks for 3D printing 97
Text 4. Mind the gap — nanotechnology robotics vision versus lab reality 108
Test 3 (Unit 3). 120
Supplementary Reading 122
Appendix 1 137
Appendix 2 140
Abbreviations 141
Bibliography 143



UNIT 1. THE SUBJECT OF NANOTECHNOLOGY
Text 1
What is nanotechnology?
PRE-READING
1. Answer the following questions.

2. What kind of engineering is nanotechnology?

3. What does the prefix “nano” mean?

2. Practice reading the following words.

atom ['@etom] chemical ['kemikal]
molecule ['molikju:l] catalyst ['keetalist]
synthesis ['sinBisis] nanostructure [neenou'strAkt/s]
nanometer [neenou'mi:to] toxicity [ta:k'sisoti]
VOCABULARY

3. Study and remember the words.

dimension U3MEpeHne
interaction B3aUMOJICHCTBUE
catalyst KaTajanzaTop
layer () (0)

solid TBEPI0€ TEJIO0
scale yYpOBEHb



to deal with AMETH JIEJIO C

diverse pa3zHo00pa3HbII

extension pacupeHue

range CIIEKTP

toxicity TOKCUYHOCTb

speculation MIPEATOI0KCHHE

to warrant rapaHTUpOBaTh

dwarf KapJIuK

continuum CIUIOIIIHAS cpeaa

preponderance npeo0aganme

ductile IJIACTUYHBIHN, BI3KHUMN

subtle €1Ba pa3InuyuMBbIN

refine yCOBEPIICHCTBOBATh

doomsday KOHEII CBEeTa

confinement OTpaHUYCHHE

alter U3MEHSATH
READING

4. Read the text and answer the questions below.

What is nanotechnology?

Nanotechnology, shortened to “nanotech”, is the study of the controlling of
matter on an atomic and molecular scale. Nanotechnology deals with structures of
the size 100 nanometers or smaller in at least one dimension, and involves devel-
oping materials or devices within that size. Nanostructures are assembled a single
atom, molecule, or atomic layer at a time, as part of a vast new field of research in
nanomaterials synthesis and assembly. In other words it is the engineering of func-
tional systems at molecular scale. It offers ways to create smaller, cheaper, lighter
and faster devices that can do more and cleverer things, use less raw materials and

consume less energy.



Nanotechnology originates from the Greek word meaning “dwarf”. “Nano”
is a prefix meaning one-billionth. A nanometer is one-billionth of a meter or it is
about one hundred thousandth of the width of a hair! The world of atoms and mol-
ecules could not be visualized and managed until a new generation of microscopes
were invented in 1980s in IBM in Switzerland.

Generally, structures smaller than a nanometer tend to behave much like in-
dividual atoms, while materials that are hundreds of nanometers or greater in size
exhibit properties of the continuum. Nanoscale properties and behaviors can be
quite different as the result of unique physical and chemical interactions. The pre-
ponderance of surfaces and interfaces, and the physical confinement of matter and
energy, can alter nearly all properties of materials (physical, chemical, optical,
etc.), and thus produce extraordinary new behaviors. Examples include generating
light from dark materials, improving efficiencies of catalysts by orders of magni-
tude, and turning soft and ductile materials like gold into solids with hardness
equivalent to bearing steel.

The final ingredient to nanotechnology is the ability to characterize and pre-
dict nanoscale properties and behavior. New experimental tools that are able to
“see”, “touch”, and measure the behavior of individual nanostructures allow scien-
tists and engineers to identify subtle differences in structure and properties that
control nanoscale properties. By coupling new experimental techniques with ad-
vanced computational tools, researchers can develop, verify, and refine models and
simulations that will allow the full potential for nanotechnology to be explored.

There has been much debate on the future implications of nanotechnology.
Nanotechnology has the potential to create many new materials and devices with a
vast range of applications, such as in medicine, electronics and energy production.
On the other hand, nanotechnology raises many of the same issues as with any in-
troduction of new technology, including concerns about the toxicity and environ-
mental impact of nanomaterials, and their potential effects on global economics, as

well as speculation about various doomsday scenarios. These concerns have led to



a debate among advocacy groups and governments on whether special regulation
of nanotechnology is warranted.

Source: https.//studfiles.net/preview/2968310/

QUESTIONS:
1. What structures are investigated by nanotechnology?
. What advantages does nanotechnology offer in creating new products?

. What is the origin of the word “nanotechnology’?

2
3
4. What basic inventions influenced the development of the new science?
5. Why do nanomaterials behave in other way than ordinary structures?
6. What is the extraordinary feature of nanotechnology?

7

. What fields of science is nanotechnology applied in?

VOCABULARY WORK

5. Find English equivalents to the following word combinations in the text.
1) MosiekyIapHBIi YPOBEHB;

2) aTOMHBIN CITOM;

3) cuHTte3 u cOOpKa;

4) cbIpbE;

5) moTpeOISITh YIHEPTHIO;

6) TOJIIIIMHA BOJIOCA;

7) NpOSIBIATH CBOMCTBA;

8) U3MEHATH CBOICTBA MaTEPHUAJIOB;

9) o mopsiAKY BETUYUHBI;

10) Hecymias craiib;

11) mpu coenuHeHUY;

12) mocnencTBusi HAHOTEXHOJIOTHH;

13) mogHUMAIOT MHOTHE TIPOOJIEMBI;

14) Bo3eiicTBUE HAHOMATEPHUAIOB Ha OKPYKAIOUIYIO CPENY;
15) cuienapuii KoHIIa CBETa;

16) mponaravAMCTCKUE TPYTIIHI.



6. Find the synonyms to the following words in the text.
1) Substance;

2) level,

3) huge;

4) use;

5) show;

6) feature;

7) limitation;

8) flexible;

9) connecting;

10) improve;

11) investigate;

12) effects of smth;
13) problems;

14) discussion.

7. Insert the necessary word in the gap.

1) Nanotechnology is the engineering of functional systems at the ... scale.
a) nuclear;

b) electron;

c) particle;

d) molecular.

2) Due to nanotechnology we can create things ... less energy.

a) consuming;

b) producing;

c) converting;

d) generating.

3) Scientists could ... the world of atoms owing to the invention of new micro-
scopes.

a) verify;



b) offer;

c) visualize;

d) penetrate.

4)New ... of microscopes helped advance the science of nanotechnology.
a) gravitation;

b) generation;

¢) production;

d) contribution.

5) The science of nanotechnology attracted attention of scientists all over the
world ... its limitless possibilities.

a) in spite of;

b) because of;

¢) instead of;

d) due to.

8. Find out the key words to make up the outline of the text.
9. Give the summary of the text using the key words.
COMPREHENSION

10. Make up the rendering of the following text.

Fundemental Concepts of Nanoscience and Nanotechnology

It’s hard to imagine just how small nanotechnology is. One nanometer is a

billionth of a meter, or 10” of a meter. Here are a few illustrative examples:
« There are 25,400,000 nanometers in an inch.

« A sheet of newspaper is about 100,000 nanometers thick.

« On a comparative scale, if a marble were a nanometer, then one meter

would be the size of the Earth.

Nanotechnology involves the ability to see and to control individual atoms

and molecules. Everything on Earth is made up of atoms — the food we eat, the

clothes we wear, the buildings and houses we live in, and our own bodies.

10



But something as small as an atom is impossible to see with the naked eye.
In fact, it’s impossible to see with the microscopes typically used in a high school
science classes. The microscopes needed to see things at the nanoscale were in-
vented relatively recently — about 30 years ago.

Once scientists had the right tools, such as the scanning tunneling micro-
scope (STM) and the atomic force microscope (AFM), the age of nanotechnology
was born.

Although modern nanoscience and nanotechnology are quite new, nanoscale
materials were used for centuries. Alternate-sized gold and silver particles created
colors in the stained glass windows of medieval churches hundreds of years ago.
The artists back then just didn’t know that the process they used to create these
beautiful works of art actually led to changes in the composition of the materials
they were working with.

Today's scientists and engineers are finding a wide variety of ways to delib-
erately make materials at the nanoscale to take advantage of their enhanced proper-
ties such as higher strength, lighter weight, increased control of light spectrum, and
greater chemical reactivity than their larger-scale counterparts.

Source: https://www.nano.gov/nanotech-101/what/definition

WRITING
11. Translate the following text into English.

Bunenu nu Bl KOorna-HuOy/ib MOHHUTOP, TOJIIIMHA KOTOPOTO MEHBIIE MUJI-
auMeTpa? A HecropaeMmyr M Herpomokaemyro Oymary? Minm ofexay, KOTOpYIo
HEBO3MOXKHO HcrnadkaTh? JT0 He ¢aHTacTuka! DTO TO, YTO OXKHUAAET HAC B HEla-
aekoM OynaymieM. Takue HEOObIYHBIE MPEAMETHl MOTYT TOJApUTh YeJIOBe-
Ky HAHOTEXHOJIOTUU. TO, U4TO TEXHOJOTHUS — 3TO CIOCOO MPOM3BOJCTBA KAKOTO-
1100 00BbEKTa, 3HAET KaXKIbIH. A BOT YTO O3HAYAET MpHUCTaBKa «HaHO»? «HaHo» —
OJIHA MUWJUIMAPJIHAS A0Js 4ero-1u0o. OQuH HAaHOMETpP — MUWIJTMAPAHAS IOl MET-
pa. 1am = 0,000000001 M. ITonmpoOyem npencTaBuTh cebe 0OBEKTHI TAKOTO pa3Me-

pa. HanomeTp MeHbIlle MeTpa MPUMEPHO HACTOJIBKO, HACKOJBKO T'PEIKUM Opex

11



MEHbIIIE 3eMHOT0 apa. Pa3Mepsl B HECKOJIBKO HAHOMETPOB UMEIOT OOJIBIINE MO-
JIEKYJIbI, HApUMeEpP, 0K, ATOMBI U OOBIYHBIC MOJIEKYJIbI MEHBIIIE, OHU H3MEPS-
FOTCSL IECATHIMU JOJISIMA HAHOMETPOB. HaHOTEXHONIOTHS — KOMIUIEKC METOJ0B, KO-
TOpPBIN TO3BOJISET co3AaBaTh 00bEekThl HaHopazMepoB (ot 1 mo 100 um). Takue
00BEKThI UMEIOT 0COObIE CBOMCTBA. VIMEHHO 3TH CBOMCTBA HaHOMATEPHUAJIOB I103-
BOJIAT UCIIOJb30BATh UX JIJISI HOBEUIIIMX HAYYHBIX JIOCTHXKEHUN. YKE cernyac HaHO-
TEXHOJIOTUH — HanboJiee MepCIeKTUBHOE U (PHAHCHPYEMOE HAIPaBJICHUE B MUPO-
BOM HayKe.

Source: http://www.festivalnauki.ru/statya/3477/chto-takoe-nanotehnologii

SPEAKING
12. Find more information in the Internet and continue the sentence:
Nanotechnology, a new field of science, is a technology that ....

Be ready to speak about 3 minutes.

12



Text 2

The history of nanotechnology

PRE-READING

1. Answer the following questions.

1. Is nanotechnology a new science?

2. Where did it come from?

2. Practice reading the following words.

microscope ['maikraskoup]
oxide ['a:ksaid]
gravity ['graeviti]
quantum ['kwa:ntom]
carbon ['ka:bon]
VOCABULARY
3. Study the vocabulary list.
precise TOYHBIN
fullerenes bynnepeHsl
plausible PaBI0NIO000HbIN
enhance yJIy4IlaTh

van der Vaals attraction

Ban-nep BaanbcoBsl cuibl

accusation

00OBUHEHUE

13




cluster rpymnmna

entity CYIIHOCTb, 3JIEMEHT

carbon nanotubes yIJIEpOAHBIE HAHOTPYOKH

deliberate LeJIeHaNpaBJICHHbBIN

evaluate OLICHHBATb, PACCMATPHUBATh
READING

4. Read the text and answer the questions below.

The history of nanotechnology

Nanotechnology, in its traditional sense, means building things from the bot-
tom up, with atomic precision. The first use of the concepts found in 'nano-
technology' (but pre-dating use of that name) was in "There’s Plenty of Room at
the Bottom,” a talk given by physicist Richard Feynman at an American Physical
Society meeting at Caltech on December 29, 1959. Feynman described a process
by which the ability to manipulate individual atoms and molecules might be devel-
oped, using one set of precise tools to build and operate another proportionally
smaller set, and so on down to the needed scale. In the course of this, he noted,
scaling issues would arise from the changing magnitude of various physical phe-
nomena: gravity would become less important, surface tension and van der Waals
attraction would become increasingly more significant, etc. This basic idea ap-
peared plausible, and exponential assembly enhances it with parallelism to produce
a useful quantity of end products.

The term "nanotechnology" was defined by Tokyo Science University Pro-
fessor Norio Taniguchi in a 1974 paper as follows: ""Nano-technology' mainly con-
sists of the processing of, separation, consolidation, and deformation of materials
by one atom or by one molecule."

In the 1980s the basic idea of this definition was explored in much more
depth by Dr. K. Eric Drexler, who promoted the technological significance of

nano-scale phenomena and devices through speeches and the books, and so the

14



term acquired its current sense. “Engines of Creation: The Coming Era of Nano-
technology” (1986) is considered the first book on the topic of nanotechnology.
When Dr. K. Eric Drexler popularized the word 'nanotechnology', he was talking
about building machines on the scale of molecules, a few nanometers wide — mo-
tors, robot arms, and computers, far smaller than a cell. Drexler spent the next ten
years describing and analyzing these incredible devices, and responding to accusa-
tions of science fiction.

Two approaches are used in nanotechnology. In the “bottom-up” approach,
materials and devices are built from molecular components which assemble them-
selves chemically by principles of molecular recognition. In the “top-down” one,
nano-objects are constructed from larger entities without atomic-level control.

Nanotechnology and nanoscience got started in the early 1980s with two ma-
jor developments; the birth of cluster science and the invention of the scanning
tunneling microscope (STM). This development led to the discovery of fullerenes
in 1985 and carbon nanotubes a few years later. In another development, the syn-
thesis and properties of semiconductor nanocrystals was studied; this led to a fast
increasing number of metal and metal oxide nanoparticles and quantum dots. The
atomic force microscope (AFM or SFM) was invented six years after the STM was
invented. Combined with refined processes such as electron beam lithograthy and
molecular beam epitaxy, these instruments allow the deliberate manipulation of
nanostructures, and lead to the observation of novel phenomena.

In 2000, the United States National Nanotechnology Initiative was founded
to coordinate Federal nanotechnology research and development and is evaluated
by the President's Council of Advisors on Science and Technology.

Source: http://referatwork.ru/category/tehnologii/view/489788 nanotechnology

QUESTIONS:
1. What is nanotechnology in its traditional sense?
2. Who was the first to describe the theory of nanotechnology?

3. What is the role of Drexler in the advancement of nanotechnology?

15



4. When did the nanoscience start?
5. What inventions contributed to the development of nanotech?

6. What are the two main approaches in nanotechnology?

VOCABULARY WORK

5. Translate the following word combinations into Russian.
1) Atomic precision;

2) the ability to manipulate individual atoms and molecules;
3) surface tension,;

4) useful quantity of end products;

5) the term acquired its current sense;

6) on the scale of molecules;

7) far smaller than a cell,

8) principles of molecular recognition;

9) properties of semiconductor nanocrystals;

10) the observation of novel phenomena.

6. Find English equivalents to the following word combinations in the text.
1) OnguHOYHBIE ATOMBI;

2) npobnema MacITaOUpPOBAHUS;

3) sKCIIOHEHIMaIbHAs COOPKa;

4) oTrBedast Ha OOBUHEHUSI;

5) moaXo «CHU3Y — BBEPX»;

6) MOJXO/T «CBEPXY — BHU3Y;

7) TpynmnoBas HayKa;

8) CKaHMPYIOLMI TYHHEJIbHBI MUKPOCKOII;

9) MeTanooKCUIHbIE HAHOYACTHUIIBI KBAHTOBBIX TOYCK;

10) aTOMHO-CUIIOBOI MUKPOCKOII.

16



7. Find the words opposite in meaning in the text.
1) Unusul;

2) inaccurate;
3) similar;

4) useless;

5) relaxation;
6) connection;
7) surface;

8) miserable;
9) narrow;

10) late;

11) aimless;

12) familiar.

8. Mark the following sentences True or False.

1. The classical theory of nanotechnology is based on the “top-down” approach.

2. The American physicist Richard Feynman was the first to describe the funda-
mental concepts of nanotechnology.

3. Nanotechnology is supposed to appear in 1980.

4. R. Dexler worked out the technology that allowed him to build new devices at
molecular scale.

5. The invention of AFM led to the discovery of nanotubes and the research of

semiconductor nanocrystals.

9. Divide the text into logical parts and give subtitles to each part.

10. Retell the text.

17



WRITING
11. Give the written translation of the text in Russian.

Four Generations

:‘r"‘f 1st: Passive nanostructures (15t generation products) 1
0| o Dispersed and contact nanostructures. Ex: aerosols, colloids :
m, | b. Products incorporating nanostructures. Ex: coatings, nanoparficle | @
reinforced composites; nanostructured metals, polymers, ceramics e
 E—————————
;1‘?# 2nd: Active nanostructures J|

A a. Bio-active, health effects. Ex: targeted drugs, biodevices
_ b. Physico-chemical active. Ex: 3D transistors, amplifiers, | .
vt acluators, adaptive structures :
; 2
| 3 Systems of nanosystems 8
S Ex: guided assembling; 3D networking and new | E
A | hierarchical architectures, robofics, evolutionary %’*
3
~ 2010 4™; Molecular nanosystems |
Ex: molecular devices by design’, '1:

atomic design, emerging functio
~ 2015

2020

Mihail (Mike) Roco of the U.S. National Nanotechnology Initiative has de-
scribed four generations of nanotechnology development. The current era, as Roco
depicts it, is that of passive nanostructures, materials designed to perform one task.
The second phase, which we are just entering, introduces active nanostructures for
multitasking; for example, actuators, drug delivery devices, and sensors. The third
generation is expected to begin emerging around 2010 and will feature nanosys-

tems with thousands of interacting components. A few years after that, the first in-

18



tegrated nanosystems, functioning (according to Roco) much like a mammalian
cell with hierarchical systems within systems, are expected to be developed.

Source: http://www.crnano.org/whatis.htm

12. Translate into English.

Jlamol easicneiiniux omkpovimui

HauGosnee Bblgarommecss JOCTHKEHHUSI B 00JJaCTH HAHOTEXHOJIOTUH OTMeue-
bl HoGeneBckumu npeMusiMu o (pusuke:
e 1985 — 3a oTkpeITHE KBaHTOBOTO 3 dhekTa Xoia;
e 1986 — 3a cozmanue METOJOB AJIECKTPOHHONW M TYHHEJIHHOW MUKPOCKOIIUHU BBICO-
KOI'O pa3penieHus;
e 1998 —3a oTKpBITHE IPOOHOTO KBAaHTOBOTO 3 dekra Xoia;
e 2000 — 3a co3maHue MOIYIPOBOJHUKOBBIX TE€TEPOCTPYKTYP U pa3pabOTKy MOJIy-
MPOBOJAHUKOBBIX HHTETPATBHBIX CXEM;
e 2010 — 3a uccnenoBanus rpadeHa.
o XMMHH:
e 1996 — 3a oTKpbITHE DYIUICPEHOB;
e 1998 — 3a pa3zButue Teopuu (yHKIIMOHANA MIOTHOCTU U Pa3pabOTKy BBIYUCIIU-
TEJbHBIX METOJ0B KBAaHTOBOU XUMUMU;
e 2000 — 3a OTKpBITUE TPOBOJAUMOCTH B MOJIMMEPAX;
e 2008 — 3a OTKpBITHE U Pa3pabOTKy METOJIOB MCIIOJIb30BAHUS 3€JIEHOTO (iIyo-
PECLIEHTHOTO OeJiKa.
Source: http://docplayer.ru/26404118-Fundamentalnye-osnovy-

nanotehnologiy.html

SPEAKING
13. Make up the presentation about the most important discoveries in the

field of nanotechnology or the most famous physicists in nanoscience.
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Text 3

Light is a wonderful medium for carrying information

PRE-READING

1. Answer the following questions.

1. Have you ever heard about “plasmons”?

2. What properties do plasmonic materials have?

2. Practice reading the following words.

fiber ['farba]
capacity [ko paesiti]
circuit [ so:kit]
dielectric [ dam'lektrik]
diode [ daroud]
chemical [ ' kemikal]
tissue [ 'tifu:]
VOCABULARY

3. Study the vocabulary list.

to span OXBaThIBaTh, IPOCTUPATHCS
voluminous 00BbEMHBIN, MACCUBHEIN

gargantuan KOJIOCCAJIbHBIN, TUTAHTCKUN
to prophesy IPOPOYUTH, IPEACKA3BIBATH

to constrain

CACPKUBATL, C)KUMATh, CTCCHATDH

silicon KPEMHHUI

minuscule MUHYCKY1 (CcTpouyHasi OykBa B
CPEIHEBEKOBBIX PYKOMHCSX),
KpOLIEYHBIN

oscillations KoJie0aHusl, BUOpAITIHU

to propagate pacupocTpaHsIThbCs, IIEPEaaBaTbLCA

ripples psiOB

20




boon 6maro, nap, yao0cTBo

ultimately B KOHEYHOM CUYETE, B KOHIIE KOH-
1IOB

feasible BBIIIOJIHUMEIH, BO3MOKHBIH,
MpaBIONOA00HBIN

interface CTBIK, TPaHHIIA

minute MeJIbYanIun

extent pa3mep

READING

4. Read the text and answer the questions below.

Light is a wonderful medium for carrying information

Optical fibers span the globe, guiding light signals that convey voluminous
streams of voice communications and vast amounts of data. This gargantuan ca-
pacity has led some researchers to prophesy that photonic devices — which channel
and manipulate visible light and other electromagnetic waves — could some day re-
place electronic circuits in microprocessors and other computer chips. Unfortunate-
ly, the size and performance of photonic devices are constrained by diffraction lim-
it; because of interference between closely spaced light waves, the width of an op-
tical fiber carrying them must be at least half the light’s wavelength inside the ma-
terial. For chip-based optical signals, which will most likely employ near-infrared
wavelengths of about 1,500 nanometers (billionths of a meter), the minimum width
is much larger than the smallest electronic devices currently in use; some transis-
tors in silicon integrated circuits, for instance, have features smaller than 100 na-
nometers.

Recently, however, scientists have been working on a new technique for
transmitting optical signals through minuscule nanoscale structures. In the 1980s
researchers experimentally confirmed that directing light waves at the interface be-

tween a metal and a dielectric (a nonconductive material such as air or glass) can,
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under the right circumstances, induce a resonant interaction between the waves and
the mobile electrons at the surface of the metal. In a conductive metal, the elec-
trons are not strongly attached to individual atoms or molecules. In other words,
the oscillations of electrons at the surface match those of the electromagnetic field
outside the metal. The result is the generation of surface plasmons — density waves
of electrons that propagate along the interface like the ripples that spread across the
surface of a pond after you throw a stone into the water.

Over the past decade investigators have found that by creatively designing
the metal-dielectric interface they can generate surface plasmons with the same
frequency as the outside electromagnetic waves but with a shorter wavelength.
This phenomenon could allow the plasmons to travel along nanoscale wires called
interconnects, carrying information from one part of a microprocessor to another.
Plasmonic interconnects would be a great boon to develop ever smaller and faster
transistors but have had a harder time building minute electronic circuits that can
move data quickly across the chip.

In 2000 my group at the California Institute of Technology gave the name
“plasmonics” to this emerging discipline, sensing that research in this area could
lead to an entirely new class of devices. Ultimately it may be possible to employ
plasmonic components in a wide variety of instruments, using them to improve the
resolution of microscopes, the efficiency of light-emitting diodes (LEDs) and the
sensitivity of chemical and biological detectors. Scientists are also considering
medical applications, designing tiny particles that could use plasmon resonance ab-
sorption to kill cancerous tissues, for example. And some researchers have even
theorized that certain plasmonic materials could alter the electromagnetic field
around the object to such an extent that it would become invisible. Although not all
these potential applications may prove feasible, investigators are eagerly studying
plasmonics because the new field promises to literally shine a light on the myster-
ies of the nanoworld.

Source: Gordon Bell and Jim Gemmel “Scientific American”, April, 2007
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QUESTIONS:

1. What medium is used to convey vast amounts of data?

2. What is a new technique for transmitting optical signals?

3. What advantage do plasmonic interconnects have?

4. What is a new branch of science which could lead to a new class of devices?

5. What applications do possible new plasmonic components have?

VOCABULARY WORK

5. Find English equivalents to the following word combinations in the text.
1) OnTudeckoe BOJIOKHO;

2) TOJI0COBBIEC COOOICHHUS;

3) dboTonHbIC IPUOOPHL;

4) 3aMEHUTH JJICKTPUUIECKHE IICTIH;

5) nudpakIMOHHBINA TPEACIT;

6) MOATBEPKIATH;

7) TIpu OTIPEACIICHHBIX OOCTOSITEIbCTBAX;
8) xonebaHust SEKTPOHOB;

9) aEeKTpPOMarHuTHOE MOJIE;

10) reHepupoBaHUE NOBEPXHOCTHBIX MIA3MOHOB.

6. Translate the following word combinations into Russian.
1) Metal-dielectric interface;

2) to generate surface plasmons;

3) to travel along;

4) to be a great boon for;

5) to move data;

6) to lead to;

7) to employ;

8) to improve;

9) to alter;

10) nanoworld.
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7. Give synonyms.

1) The globe;

2) voluminous;

3) gargantuan;

4) to induce;

5) to propagate;

6) to travel;

7) to be a great boon for;
8) tiny;

9) to alter;

10) application.

8. Give antonyms.
1) Visible;

2) unfortunately;
3) recently;

4) ultimately;

5) minuscule;

6) feasible;

7) vast;

8) outside;

9) sensitivity;

10) eagerly.

9. Insert prepositions and translate

1. Unfortunately, the size and performance ... photonic devices are constrained ...
the diffraction limit; because ... interference between closely spaced light waves,
the width ... an optical fiber carrying them must be ... least half the light’s wave-
length inside the material.

2. The oscillations of electrons ... the surface match those ... the electromagnetic

field outside the metal.
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3. Ultimately it may be possible to employ components ... a wide variety ... in-
struments, the efficiency ... light-emitting diodes and the sensitivity ... chemical
and biological detectors.

4. In 2000 my group ... the California Institute ... Technology gave the name
“plasmonics” ... this emerging discipline.

5. Investigators are eagerly studying plasmonics ... the new field promises to liter-

ally shine a light ... the mysteries ... the nanoworld.

WRITING

10. Translate in written form.

Overview/Plasmonics

e Researchers have discovered that they can squeeze optical signals into minus-
cule wires by using light to produce electron density waves called plasmons.

e Plasmonic circuits could help the designers of computer chips build fast inter-
connects that could move large amounts of data across a chip. Plasmonic compo-
nents might also improve the resolution of microscopes, the efficiency of light-
emitting diodes, and the sensitivity of chemical and biological detectors.

e Some scientists have even speculated that plasmonic materials could alter the
electromagnetic field around an object to such an extent that it would become in-

visible.

11. Find out the key words to make up the plan of the text.

12. Give a summary of the text.

COMPREHENSION
13. Render the text in English.

[11a3MOHBI (BOJIHBI 3JIEKTPOHHOM IIJIOTHOCTH) BO3HHMKAIOT B TBEPHBIX Te-
Jax WK BOJIM3M UX MOBEPXHOCTH B Pe3yJIbTaTe KOJUIEKTUBHBIX KOJIEOAHUI 3JIeK-

TPOHOB IMPOBOJAUMOCTHU OTHOCHUTCIIBHO MOHOB. OObeMHBIE MIa3MOHBI OITMCHIBAIOT
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KOJICOAHHS DJIEKTPOHOB TMPOBOJAMMOCTA BHYTPM HMOHHOM PEIICTKH KPHUCTaJIA.
B cBo10 0oueper MOBEpXHOCTHBIE MJIA3MOHBI — 3TO KBAHTHI KOJIEOAHUH MIIOTHOCTH
CBOOOJHBIX 3JIEKTPOHOB METaJlIa, PaCHpOCTPaHSIOIMECS TOJbKO BIOJIb €ro rpa-
HUILIBI C AUAJIEKTPUKOM. HacToTa I1a3sMOHa paBHA 1uia3MeHHou yacrore. [loBepx-
HOCTHBIE TUIA3MOHBI MOTYT B3aMMO/JIEHCTBOBATh C (POTOHOM, 00pa3ysi KBa3M4aCTH-
bl — MOJSPUTOHBI.

B TBepapix Tenmax cBET ¢ 4YaCTOTOM HIIKE TUIa3MEHHOM 4acTOThI OyeT oTpa-
KaThCSA, B TO BpeMs KAaK CBET C YAaCTOTOW BBIIIE IJIA3MEHHOW OyJeT MpOXOJUTh
BHYTpPb TBEPJOro Teja. Y OOJIBIIMHCTBA METAJJIOB IJIA3MEHHAS YaCTOTa HAXOJIUT-
csi B yJIbTpaduOIeTOBOW 00JACTH CHEKTpa, Jejas UX OJECTAIIMMH B BUIUMOM
quanaszoHe. B jiernpoBaHHBIX MOJIyIPOBOJHUKAX IUTa3MEHHAs YacToTa OOBIYHO
HAXOJUTCS B MH(PpakpacHOW 00JaCTH CIIEKTpa.

[1na3MoHBI paccMaTpUBaIOTCA KaK CpEeACTBO TMepeaaud HHGOpMaLUU
B KOMIIBIOTEPHBIX YMIIAX, TaK KaK MPOBOJAA JJI MIa3MOHOB MOTYT OBbITh HAMHOI'O
TOHBIIIE, YeM OOBIYHBIC MPOBO/IA, U MOTYT MOAIEPKUBATH HAMHOTO 00JIe€ BHICOKHE
yactoThl (B pexkume 100 TI'u, B To Bpems Kak OObIYHBIE MpoBOAa OOJaAaroT
o6onpmmu notepsamu npu 10 ['Tr). OHu ObITH TaKKe MPEAJIOKEHBI KaK CPEICTBO
JUTSL TUTOTpaduu U MUKPOCKOIIMH BHICOKOTO Pa3pelieHus] U3-3a UX 4YPe3BbIYAitHO
MaJibIX JUIMH BoJiH. O0a 13 3TUX MPUMEHEHUN C yCIeXOM ObLIU MPOJEMOHCTPUPO-
BaHbI B JTa0OPATOPUSIX.

Source: http://thesaurus.rusnano.com/wiki/article2213
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Text 4
Nanoshells and invisibility cloaks
PRE-READING
1. Answer the following questions.
1. Have you ever read the tale “The Invisible Man” written by H.G. Wells?

2. Do you believe that Wells’ invisible man may become a reality in future?

2. Practice reading the following words.

bloodstream [ 'bladstri:m]
tumor [ tjurmor]
revolutionize [revo'lu: naiz]
boundary [ ' bavndori]
enhancement [1n"ha:nsmont]
hazardous [ ' haezodas]
intriguing [ tri:giy]
phenomena [fi nomin9]
yield [ji:1d]
VOCABULARY
3. Study the vocabulary list.
nanoshell HaHOO00O0JI0UKa
to deposit MOKPBIBATh
tumor OITyXOJIb
to embed BCTaBIIATh, BPE3aTh
odent I'PBI3YH
tissue TKaHb
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transparent SIBHBIN, IPO3PAYHBIN

enhancement YBEJINUEHHE

hazardous OTIaCHBIN

to offset BO3MeEIAaTh, BOZHATPAXX1aTh

to yield IIPUHOCHUTD, 1aBATh

array Macca, MHO>KECTBO

to boost MOBBIINIATh, YBEINYMUBATh

to ensure obecrieuynBaTh

trial HCIIbITAHUE

dye KpaCUTEJIb

well KOJIOZICI

fold CKJIaJIbIBAHHE

to bend u3rudathb

gain IIPUPOCT

divert OTBOJIUTH

elaborate 3aMBICJIOBATHIN
READING

4. Read the text and answer the questions below.

Nanoshells and invisibility cloaks

The potential uses of plasmonic devices go far beyond computing, however.
Naomi Halas and Peter Nordlander of Rice University have developed structures
called nanoshells that consist of a thin layer of gold — typically about 10 nanome-
ters thick — deposited around the entire surface of a silica particle about 100 na-
nometers across. Exposure to electromagnetic waves generates oscillations in the
gold shell; because of the coupling interaction between the fields on the shell’s in-
ner and outer surfaces, varying the size of the particle and the thickness of the gold
layer changes the wavelength at which the particle resonantly absorbs energy. In

this way, investigators can design the nanoshells to selectively absorb wavelengths
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as short as a few hundred nanometers (the blue end of the visible spectrum) or as
long as nearly 10 microns (the near infrared).

This phenomenon has turned nanoshells into a promising tool for cancer
treatment. In 2004 Halas, working with her Rice colleague Jennifer West, injected
plasmonic nanoshells into the bloodstream of mice with cancerous tumors and
found that the particles were nontoxic. What is more, the nanoshells tended to em-
bed themselves in the rodents’ cancerous tissues rather than the healthy ones be-
cause more blood was circulated to the fast-growing tumors. (The nanoshells can
also be attached to antibodies to ensure that they target cancers.)

Fortunately, human and animal tissues are transparent to radiation at certain
infrared wavelength. When the researchers directed near-infrared laser light
through the mice’s skin and at the tumors, the resonant absorption of energy in the
embedded nanoshells raised the temperature of the cancerous tissues from about 37
degrees Celsius to about 45 degrees C.

The photothermal heating killed the cancer cells while leaving the surround-
ing healthy tissue unharmed. In the mice treated with nanoshells, all signs of can-
cer disappeared within 10 days; in the control groups, the tumors continued to
grow rapidly. Houston-based Nanospectra Biosciences is currently seeking permis-
sion from the Food and Drug Administration to conduct clinical trials of nanoshells
therapy in patients with head and neck cancer.

Plasmonic materials may also revolutionize the lighting industry by making
LEDs bright enough to complete with incandescent bulbs. Beginning in the 1980s,
researchers recognized that the plasmonic enhancement of the electric field at the
metal-dielectric boundary could increase the emission rate of luminescent dyes
placed near the metal’s surface. More recently, it has become evident that this type
of field enhancement can also dramatically raise the emission rates of quantum
dots and quantum wells — tiny semiconductor structures that absorb and emit
light — thus increasing the efficiency and brightness of solid-state LEDs. In 2004
my Caltech colleague Axel Sherer, together with co-workers at Japan’s Nichia

Corporation, demonstrated that coating the surface of a gallium nitride LED with
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dense arrays of plasmonic nanoparticles (made of silver, gold or aluminum) could
increase the intensity of the emitted light.

Furthermore, plasmonic nanoparticles may enable researchers to develop
LEDs made of silicon. Such devices, which would be much cheaper than conven-
tional LEDs composed of gallium nitride or a gallium arsenide, are currently held
back by their low rates of light emission. My group at Caltech, working with a
team led by Albert Polman of the FOM Institute for Atomic and Molecular Physics
in the Netherlands, has shown that coupling silver or gold plasmonic nanostruc-
tures to silicon quantum-dot arrays could boost their light emission by about 10
times. Moreover, it is possible to tune the frequency of the enhanced emissions by
adjusting the dimensions of the nanoparticles. Our calculations indicate that careful
tuning of the plasmonic resonance frequency and precise control of the separation
between the metallic particles and the semiconductor materials may enable us to
increase radiative rates more than 100-fold, allowing silicon LEDs to shine just as
brightly as traditional devices.

Scientists are even working on a plasmonic analog to a laser. Mark Stockman
of Georgia State University and Davis Bergman of Tel Aviv University have de-
scribed the physics of such a device, which they called a SPASER (for surface
plasmon amplification of stimulated emission of radiation). Although the SPASER
exists only in theory so far, the researchers have suggested routes to fabricating it
using semiconductor quantum dots and metal particles. Radiative energy from the
quantum dots would be transformed into plasmons, which would then be amplified
in a plasmonic resonator. Because the plasmons generated by the SPASER would be
much more tightly localized than a conventional laser beam, the device could oper-
ate at very low power and selectively excite very small objects. As a result,
SPASERs could make spectroscopy more sensitive and pave the way for hazard-
ous —materials detectors that could identify minute amounts of chemicals or viruses.

Perhaps the most fascinating potential application of plasmonics would be
the invention of an invisibility cloak. In 1897 H.G. Wells published The Invisible

Man, a tale of a young scientist who discovers how to make his own body’s refrac-
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tive index equal to that of the air, rendering him invisible. (A material’s refractive
index is the ratio of the speed of light in a vacuum to the speed of light in the mate-
rial.) Exciting a plasmonic structure with radiation that is close to the structure’s
resonant frequency can make its refractive index equal to air’s, meaning that it
would neither bend nor reflect light. The structure would absorb light, but if it were
laminated with a material that produces optical gain — amplifying the transmitted
signal just as the resonator in a SPASER would — the increase in intensity would
offset the absorption losses. The structure would become invisible to radiation in a
selected range of frequencies.

A true invisibility cloak, however, must be able to hide anything within the
structure and work for all frequencies of visible light. The creation of such a device
would be more difficult, but some physicists say it is possible. In 2006 John
B. Pendry of Imperial College London and his colleagues showed that a shell of
metamaterials could, in theory, reroute the electromagnetic waves traveling
through it, diverting them around a spherical region within.

Although Wells’ invisible man may never become a reality, such ideas illus-
trate the rich array of optical properties that inspire researchers in the plasmonics
field. By studying the elaborate interplay between electromagnetic waves and free
electrons, investigators have identified new possibilities for transmitting data in
our integrated circuits, illuminating our homes and fighting cancer. Further explo-
ration of these intriguing plasmonic phenomena may yield even more exciting dis-
coveries and inventions.

Source: Gordon Bell and Jim Gemmel “Scientific American”, April, 2007

QUESTIONS:

1) What is a nanoshell?

2) What is unusual in the structure of nanoshells?

3) What experiment with nanoshells did researchers of Rice University (USA) car-
ry out in 2004?

4) What can the industrial applications for plasmonic materials be?
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5)How can a tale “The Invisible Man” written by H.G. Wells be connected with

plasmonics?

VOCABULARY WORK

5. Give English equivalents.

1) Yactuua kpemMHus;

2) 2JIGKTPOHHBIC KOJICOAHMS;

3) KTUHUYECKHE UCTIBITAHNUS;

4) CKOpPOCTb UCITyCKaHUS;

5) I1a3MOHNYECKUE HAHOYACTHULIBI;

6) MaJioe KOJIMYECTBO.

6. Give Russian equivalents.

1) To go far beyond;

2) oscillation inner and outer surfaces;

3) cancerous tissues;

4) incandescent bulb;

5) dense arrays of plasmonic nanoparticles;
6) light emission;

7) to tune frequency.

7. Give synonyms.
1) Entire;

2) because of;

3) to vary;

4) to raise;

5) rapid;

6) enhancement;
7) rate;

8) hazardous;
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9) currently;

10) precise.

8. Give antonymes.
1) To change;
2) fortunately;
3) to raise;

4) to kill;

5) permission;
6) to complete;
7) to increase;
8) tiny;

9) to absorb;
10) cheap.

9. Insert prepositions and translate.

1) The phenomenon has turned nanoshells into a promising tool ... cancer treat-
ment.

2) Beginning ... the 1980s, researchers recognized that the plasmonic enhancement
... the electric field ... the metal-dielectric boundary could increase the emission
rate ... luminescent dyes placed near the metal’s surface.

3) Moreover, it is possible to tune the frequency ... the enhanced emission ... ad-
justing the dimensions ... the nanoparticles.

4) Radiative energy ... the quantum dots would be transformed ... plasmons,
which would then be amplified ... a plasmonic resonator.

5) The structure would become invisible ... radiation ... a selected range ... fre-

quencies.

10. Complete the sentences using the correct variant.
1. Photonic device could someday replace ... .

a) vacuum tubes;
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b) capacitors;

¢) electronic circuits;

d) microprocessors and other computer chips.

2. The width of an optical fiber carrying light waves must be at least ... .
a) half near-infrared wavelength;

b) half light’s wavelength;

c) half ultra-violet wavelength.

3. Plasmonic interconnects are ... .

a) electronic circuits;

b) lectronic devices;

c) nanoscale wires.

4. Plasmonic components can be used ... .

a) in a wide variety of instruments to improve their characteristics;
b) can not be used anywhere except electronics;

c) may shine a light on the mysteries of the nanoworld.

5. Nanoshells are structures, that consist of ... .

a) a thin layer of silver;

b) a thin layer of gold about 10 nanometers thick deposited around the entire sur-
face of a silica particle;

c) silica particles 10 nanometers thick.

6. The cancer cells were killed because of ... .

a) using traditional methods of cancer treatment;

b) injecting plasmonic nanoshells into bloodstream;

c) enhancement of the electric field.

7. Light-emitting diodes (LEDs) using plasmonic nanoparticles ... .
a) would be more expensive than conventional LEDs;

b) would be much cheaper than conventional LEDs;

c¢) would be inefficient because of decreasing light emission.

8. A new kind of laser, SPASER, ... .

a) would operate at very low power and make spectroscopy more sensitive;
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b) would operate at very high power that is why the SPASER exists only in theory;
c) would operate at very low power, but could not identify minute amounts of
chemicals or viruses.

9. The most fascinating potential application of plasmonics would be ....

a) the invention of a nanodevice for atomic industry;

b) the invention of an invisibility cloak;

c) the invention of a new type of integrated circuit.

WRITING

11. Translate in writing three last paragraphs of the text beginning with “Per-
haps the most fascinating potential application...”.

12. Find out the key words to make up an outline of the text.

13. Give a summary of the text.

SPEAKING

14. Develop the following statement. Make use of the following words and
phrases: in my opinion; one advantage is that...; finally; another point is
that...; pros and cons; in conclusion; in fact; more over; for instance.

Plasmonic phenomena are a promising tool for cancer treatment.
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Test 1 (Unit 1)

1. Translate the following words and word combinations into Russian:
Optical fibers; to propagate; capacity; the light’s wavelength; electronic de-

vices; dimension; confinement; cluster; carbon nanotubes; subtle differences.

2. Translate the following words and word combinations into English:
B3aumopeiicTBue; pazmep 4acTUILIbI; TOJIMHA 30J0TOr0 Cl0s; 000JI0UKa; 13-
MEHSATbH JIEKTPOMArHUTHOE MOJI€; BBIOOPOYHO MOMIONIATh JUIMHY BOJIHBI; CILIOIIHAS

cpeaa, TBépZLOC TCJIO, MOJIeKy.TI}IpHHﬁ YPOBCHBL, C TOYHOCTBIO IO aTOMOB.

3. Give the full names to the following abbreviations and translate them:
1) STM —

2) LED -

3) SPASER —

4) IBM -

5) AFM —

4. Translate the sentences:

1) Unfortunately, the size and performance of photonic devices are constrained by
the diffraction limit.

2) Because of interference between closely spaced light waves, the width of an op-
tical fiber carrying them must be at least half the light’s wavelength inside the ma-
terial.

3) Plasmonic circuits could help the designers of computer chips build fast inter-
connects that could move large amounts of data across a chip.

4) Plasmonic components might also improve the resolution of microscopes, the
efficiency of light-emitting diodes, and the sensitivity of chemical and biological
detectors.

5) Some scientists have even speculated that plasmonic materials could alter the

electromagnetic field around an object to such an extent it would become invisible.
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5. Translate Russian sentences into English using the following words:

to work on, to transmit, to confirm, under circumstances, to induce, to employ, to
improve, resolution, light-emitting diodes, tiny particles, plasmon, atomic force
microscope.

1) Yuensie paboTaroT HaJ HOBOM TEXHUKOU Mepeaadyn ONTUYECKUX CUTHAIOB Yepe3
HAaHOCTPYKTYPBHI.

2)B 80-e roapl HccienoBarelid SKCHEPUMEHTAIbHO MOATBEPAMIM, YTO IPSMbIC
CBETOBBIC BOJIHBI HA TTIOBEPXHOCTH MEXKAY METAJUIOM U TUAJICKTPUKOM YMEHBIIAIOT
PE30HAHCHOE B3aMMOJICHCTBHE MEXKy BOJTHAMH M MOOWUJILHBIMHU JJICKTPOHAMHU HA
MOBEPXHOCTH METAILJIA.

3) [InasmMoHMYeCKHe MaTepruaabl MOKHO MCIIOJIb30BaTh B pa3HOOOPA3HBIX MHCTPY-
MEHTaX, 4YTOOBI YJIYYIIUTh pPa3pelIeHre MHUKPOCKOMOB, 3(()EKTUBHOCTH CBETO-
UCITyCKAIOIIUX AUOJOB U YYBCTBUTEIBHOCTh XMMHUYECKUX M OHUOJOTHYECKUX Jie-
TEKTOPOB.

4) YueHble CUMTAIOT, YTO KPOIIEYHBIE YACTHUIIBI, KOTOPHIE MOTJIM OBl UCIIOIH30BATh
MIa3MOHUYECKOE PE30HAHCHOE TOTJIONICHHE, yOMBAIOT PAKOBBIC TKAHHU.

5) C noMoIIp10 aTOMHO-CHJIOBOT'O MHUKPOCKOIIA MOKHO HE TOJIBKO TIEpEeMeIaTh OT-

ACJIbHBIC aTOMBI, HO U U3MCPATH CUITY, HCO6X0,III/IMYIO JJIA OTOTO.
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UNIT 2. APPROACHES IN NANOTECHNOLOGY
Text 1
Fullerenes, the Building Blocks
PRE-READING
1. Answer the following questions.
What are the fullerenes?

Why are they called the building blocks in nanotechnology?

2. Practice reading the following words.

technique [tok'ni:k] appropriate [op'ropriot]

accessible [ok'sesibl] production [pro'dakfon]

structural ['straktforal] dimensional ['daimon3zonal]
isolated [aiso'leitid] viewpoint ['vju:'point]

synthesis [sin'Oesis] recently ['risontli]

refer [ri'fo:] previous ['privios]

concept ['konsopt] co-axial ['kov'eksal]

consequently [kon'si:kwantli] recently ['risontli]

essentially [o'sen/ali] thermodynamic ['©e:modai'nemik]
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VOCABULARY
3. Study the vocabulary list.

property

size/performance dependence

arc discharge technique-based synthesis

geodesic cage

electric arc discharge-synthesized

nanotubes
availability
verification

arc-discharge evaporation

TEM — transmission electron microscopy

CNT — carbon nanotube

single-walled carbon nanotubes

(SWCNT)

multi-walled carbon nanotubes

(MWCNT)
graphene sheet
exfoliated graphite

co-axial tubes
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CBOMCTBO

COOTHOILLIEHHE pa3Mepa u

IMPOU3BOAUTCIBHOCTH

CUHTE3 METOJ0M 3JIEKTPOLYTOBOI'O
paspsiaa
eopn. IlonpemHast KIeThb

HT, cunTe3upoBanHbie METOAOM

AIEKTPOAYTOBOIO paspsiia
JOCTYIHOCTb
CBEpKa, KOHTPOJIb, MOJATBEKICHHUE

HCIIAapCHUC MCTOJO0OM 3JICKTPOAYIOBOI'O

paspsia, IEKTPOYyrOBOE UCIIAPEHUE

IIPOCBCUMBAIOIAA 9JICKTPOHHAA

MHKPOCKOTIHS
yIIepoAHAast HAHOTPYOKa

OJHOCTCHHBIC YIIJICPOAHBIC H&HOTpY6KI/I

MHOI'OCTCHHBIC YIJTICPOAHEIC HaHOTp}I6KI/I

rpadeHoBast miacTuHa
AKCPOTUPOBAHHBINA FPAPUT

KOaKCHaJbHbIE TPYOKHU



READING

4. Read the text and answer the questions below.

Fullerenes, the Beginnings and Current State

Historically, the possibility of creating graphite balloons similar to geodesic
cages was first discussed in 1966 by David Jones who was writing under the pseu-
donym ‘‘Daedalus’’ in the journal the New Scientist. The most famous form of
fullerene molecules, however, is the 60 fullerene or C60, commonly known as
buckyball, made of 60 carbon atoms in a spherical shape that resembles a soccer
ball. The earliest record of a fullerene molecule, however, was in an article (in Jap-
anese) by Eiji Osawa in 1970. In this article, Osawa speculated that such a mole-
cule would be stable. Two years later, in 1973, Bochavar and Gal’pern used Hiick-
el calculations to determine the energy levels and molecular orbitals in the C60
molecule. Later, in 1981, Davidson applied general group theory techniques to a
range of highly symmetrical molecules, one of which was the C60. Hence, by 1981
the idea of stable fullerene molecules did, in fact, exist and early studies had been
carried out to explore the energy levels and molecular orbitals as well as symmetry
properties of such molecule. The molecule itself was not yet experimentally ob-
served. In September 1985, such observation took place. While trying to simulate
stellar nucleation conditions Richard Smalley and his co-workers at Rice Universi-
ty, USA, Curl, Kroto, Smalley, and their co-workers vaporized graphite and a ser-
endipitous discovery was made. The C60 molecule was observed and found to be
remarkably stable. The molecule was named Buckminsterfullerene (later fullerene
for short) after the famous architect Buckminster Fuller (1895-1983) who first cre-
ated the geodesic cage or dome design that the fullerene molecule resembles.

This interesting and long awaited discovery triggered a scientific race to in-
vestigate each and every aspect of the new molecule. At first, however, progress
was slow due to the fact that the amount of C60 produced by Smalley’s method
was minute. The real race of development started in 1990 with the findings of

Kritschmer of the Max Planck Institute at Heidelberg, Huffman of the University
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of Arizona, and their co-workers, who could produce C60 molecules in macroscop-
ic amounts using a simpler, more accessible technique than that used by Smalley.
The new technique vaporized graphite using a simple carbon arc in helium atmos-
phere. The soot deposited on the walls of the vessel, once dispersed in benzene,
produced a reddish solution. Once dried, the solution produced beautiful crystals of
“fullerite”, which turned to be made of 90 % C60 and 10 % C70. By using the
method of Kriatschmer and Huffman, C60 and other allotropes of fullerenes could
be produced in reasonable amounts in a way accessible to many laboratories. This
accelerated the fullerene investigation race and started what Curl described as “the
Dawn of Fullerenes”. By 1991 fullerenes were the subject matter of 90 % of the
most cited papers, and the subject is still of current scientific interest.

Electron microscopy revealed that the needles consist of co-axial tubes of
several graphitic sheets (between 2 and 50). These new molecular cylinders of gra-
phitic sheets were called carbon nanotubes. In fact, lijima’s report on carbon nano-
tubes was not the first in the literature. As early as 1952, Radushkevich and Luky-
anovich reported, in the Journal of Physical Chemistry of Russia, the first TEM ev-
idence for the tubular nature of some nano-sized carbon filaments. In 1974, Ober-
lin, Endo, and Koyama working on benzene derived carbon fibers reported that:
“These fibres have various external shapes and contain a hollow tube with a diame-
ter ranging from 20 to more than 500 A° along the fibre axis”.

The transmission electron micrographs was first produced by Endo and Iiji-
ma for what we currently refer to as carbon nanotubes. The history of carbon nano-
tubes and the question of who should be credited for their discovery was recently
discussed by Monthioux and Kuznetsov. In 1993, Iijima and Ichihashi reported the
observation of a more interesting carbon nanospecies, the single-walled carbon
nanotubes. They found the single-shell tubes in carbon soot formed in a carbon arc
chamber similar to that used for fullerene production.

The discovery of fullerene molecules in 1985 and the later discovery of car-
bon nanotubes in early 1990s established a new field of carbon nanosciences and

triggered an active international scientific race to investigate the structure and
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properties of such fascinating molecules and to discover other allotropes of this
class of matter. The search for new allotropes of carbon was crowned in 2004 with
the ability to isolate and manipulate single sheets of graphite currently referred to
as graphene sheets or nano-ribbons. Graphene sheets are essentially related to a
much older form of graphite known as exfoliated graphite. Scientific and techno-
logical developments in the field of exfoliated graphite took place in the late 1960s
when flexible graphite foils were made of exfoliated graphite and used for high-
temperature gaskets and seals. The ability to isolate single layers of graphene,
however, at the age of nanotechnology spawned intensive research into the synthe-
sis, properties, applications, and methods of the mass production of this new form
of carbon.

Production methods of the graphene ribbons involve both traditional exfoli-
ated graphite techniques and more sophisticated techniques based on unzipping of
carbon nanotubes. The importance of graphene sheets lies in the fact that they pro-
vide a unique opportunity for experimental investigation of truly two-dimensional
systems — an opportunity that scientists never had before. In their profound recent
article, Geim and Novoselov described graphene as: “the mother of all graphitic
forms. It can be wrapped into a 0D buckyballs, rolled into 1D nanotubes, or
stacked into 3D graphite.”molecules and cylinders) — the new flat forms of carbon
nanospecies showed that even the carbon nano-world could be flat.

Source: Maher S. Amer “Raman Spectroscopy, Fullerenes, and Nanotechnology ”//
RSC Nanoscience & Nanotechnology, 2010 — 304 p.

QUESTIONS:

1. What are the fullerenes?

2. What are the other names for fullerene?

3. What are the basic classifications of fullerenes?

4. What are the main fullerene species according to dimensional classification?
5. Who discovered fullerenes?

6. Why can many systems be defined as building blocks?
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7. When did scientists focus on fullerene studies?
8. Why are graphene sheets important in Nanotechnology?
9. Why were fullerenes named as Buckminsterfullerene?

10. Why is graphene important in Nanotechnology?

VOCABULARY WORK

5. Translate the following words into Russian.

O6opaunBaTh, CKJIAJbIBaTh, MYCKOBOW KPIOUOK, CIIYKUTh HayajaoM, TpyOdaTbIH,
VIUIOTHUTENH, Pa3MbIIUISATh, CaXka, KYIOJ, pa3risieTh, UCTapeHUe, JOCTYHHBIM,
MPUMEYATeNbHO, CIy4alHbIA, (OopMa, COCYI, YCKOPUTb, YTIAEPOJ, BBIUMCICHUS,

HAaHOJICHTHI, CYMGCTBGHHBIﬁ, CTpYKTypHBIﬁ, MCTO/M, ITOAX0A, CIO0KHAaA TCXHHUKA.

6. Translate the following phrases into Russian.

TEM, CNT, sophisticated techniques, arc-discharge evaporation, co-axial tubes,
exfoliated graphite, laser evaporation cluster, stellar nucleation, conditions, single
walled CNT, multi-layered, multi-walled, size/performance dependence, flexible

graphite foils, needle-like tubes, geodesic cage, laser vaporisation cluster.

COMPREHENSION
7. Make up the rendering of the following text.

Nanotechnology is based upon nanobuilding blocks that are essentially small
thermodynamic systems.

Hence, for nanotechnology, any thermodynamic small system is, indeed, a
building block. Consequently, any cluster of matter, regardless of its physical size,
should satisfy the definition and can be considered as a building block. To this end,
many systems can be defined as building blocks. Some of these building blocks
are, themselves, made of smaller building blocks such as biological cells, or even
biological species. Nature is the best designer for nanosystems. Interestingly, na-
ture used one particular element most frequently in its designs, especially for living
systems: carbon. Hence, as we discuss the building blocks of nature’s preferred

technology, carbon-based building blocks should be a good choice for discussion.
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Fullerenes are a recently discovered form of crystalline carbon. They come
in different geometrical shapes. Spherical, or generally speaking, balloon-like,
shapes are usually referred to as fullerenes or buckyballs. Cylindrical shapes are
more popularly known as single-walled carbon nanotubes (SWCNT), and, more
recently, the single-sheet form referred to as graphene has also been produced and
utilized as a building block for nanotechnology. There are different types of carbon
nanospecies, namely, fullerenes, single- and multi-walled carbon nanotubes, car-
bon nano-onions, and graphene sheets. In these structures different nano-building
blocks, can be incorporated into new structures. For example, a mesostructure
known as a peapod. In this structure fullerene molecules are inserted inside single-
walled carbon nanotubes (C60-SWCNT). Another type of structure, usually re-
ferred to as nano-buds. In nanobuds, fullerene molecules are attached to the surface
of single-walled carbon nanotubes.

Source: Maher S. Amer “Raman Spectroscopy, Fullerenes, and Nanotechnology”//

RSC Nanoscience & Nanotechnology, 2010 — 304 p

WRITING

8. Translate the following sentences in the written form.

1. Cylindrical shapes are more popularly known as single-walled carbon nanotubes
(SWCNT), and, more recently, the single-sheet form referred to as graphene has
also been produced and utilized as a building block for nanotechnology.

2. For a concept to develop into a technology, the availability of suitable building
blocks is a must.

3. Material building blocks enable experimental verification of the theory behind
the concept and provide the essential ingredient enabling devices and products to
be built, bringing the new technology into reality.

4. To this end, many systems can be defined as building blocks.

5. To keep the subject focused and of practical value, we will concentrate on some
of the recently discovered and investigated building blocks which are essentially

man-made.
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6. Once dried, the solution produced beautiful crystals of ‘‘fullerite’’, which turned
to be made of 90% C60 and 10% C70.

7. They found the single-shell tubes in carbon soot formed in a carbon arc chamber
similar to that used for fullerene production.

8. The search for new allotropes of carbon was crowned in 2004 with the ability to
isolate and manipulate single sheets of graphite currently referred to as graphene
sheets or nano-ribbons.

9. Hence, as we discuss the building blocks of nature’s preferred technology,
carbon-based building blocks should be a good choice for discussion.

10. While trying to simulate stellar nucleation conditions of cyanopolyyenesi using
the, then recently, developed laser vaporization cluster technique by Richard
Smalley and his co-workers at Rice University, USA, vaporized graphite and a
serendipitous discovery was made.

9. Translate into English.

1. @ynnepeHsl — 3TO0 HEOOBIYHBINA KJIACC MOJIEKYJI, TIPEICTABIAIONINX COO0N ONHY
u3 GopM CyIIECTBOBaHUS yriiepoja (Tak Ha3bIBAEMBIX AJJIOTPOIHBIX MOIUDU-
Kalui).

2. Bcem wu3BecTHbIe anma3 U rpaguT — TOXKE pas3Hble aJUIOTPOIHbIE (HOPMBI
yraepoa.

3. B cTpykType anmasza aTomsl yriepoaa coOpaHbl B TETPadIPhl, a Tpa@UT COCTOUT
U3 TUIOCKHX CIIOEB, 00Pa30BaHHBIX MIECTUYTOTHHUKAMH.

4. @ynnepeHsl — 3TO MapooOpa3HbIe MOJIEKYJIbI C 3aMKHYTOM IOBEPXHOCTHIO.

5. Camblii ipocToi U3 QyIIIEPEHOB coAepKUT 60 aTOMOB yriaepoja U HaOMHUHAET
10 CBOEH CTPYKType PyTOONBHBIN MsY.

6. Ero moBepxHOCTh 00pa3oBaHa YEPEIyIOMUMUCS TSATH- U MIECTHYTOJIbHUKAMH,
pa3Mep ITOro «Ms4ay» COCTaBIIsIeT Bcero 1 HM (HaHOMETp).

7. Eme B 70-e rompt XX Beka ObUIM CHEIAaHbl TEOPETHUYECKHE KBAHTOBO-
XMMHYECKHE PACUYETHI, MPECKA3BIBAIOIINE CYILIECTBOBAHNE MOJOOHBIX MOJIEKYIL.

8. OxgHako nuuib B 1985 rony ux BrepBble 0OHAPYKUIIM MPU UCCIEIOBAaHUU MAPOB

rpadura rnocie ero Jia3epHoro 00JIy4eHHs.
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9. IloznHee ¢ymiepeHsl ObUIM HalIEHbI U B IPUPOIHBIX MUHEpAJIaX.

10. ®u3uku M XMMHMKU Hanuid (QysuiepeHaM MHOYKECTBO HPUMEHEHUMH: HX
UCIIOJIB3YIOT TNPHU CHUHTE3€ HOBBIX COCIMHEHUN B ONTHUKE W IPHU MPOU3BOJCTBE
IIPOBO/JTHUKOB.

SPEAKING

10. Make a presentation on application of fullerenes.
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Text 2
Production Methods of Fullerenes
PRE-READING
1. Answer the following questions.
1. Are fullerenes easy to produce?

2. What fullerene production methods do you know?

2. Practice reading the following words.

crucial ['kru;f1] pure ['pjus]

chloroform [klora'fo:m] atmosphere [otmos'fio]
essentially [a'senfali] supply [saop'lai]

mechanical [mi'kenikal] maintain [mein'tein]
temperature ['tempritf9] polycyclic [pali'saiklic]
actually [ak't[ali] diameter ['daiomito]
pressure ['prefa] attributed [ot'ri:bjutid]
instead [ins'ted] hydrocarbon ['haidra'ka:bon]
deficient [di'fifont] pyrolysis ['pairo'laisis]
initiate [1'nifi,eit] graphite [gro'fait]
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VOCABULARY

3. Study and remember the words.

carbon-rich vapor
benzene combustion

oxygen-deficient environment

electrode gap

polycyclic aromatic hydrocarbons

simple bench-top reactor
AC (alternative current)
arc welding

high boiling point
solvents

evacuation chamber
suppress

elusive

flash vacuum pyrolysis
dissolve

thimble

flask

sub-atmospheric pressure

pyrolytic dehydrogenation

dehydrohalogenation

1ap, HaChIIEHHBIN YIJIEPOIOM
OEH30JIbHOE TOPEHUE

rOpCHHUC B YCIIOBUAX

BOCCTAHOBUTEJILHOU CMECH
PaCCTOSIHUE MEXIY ABYMS JIEKTPOJAMU

ITOJIUITHUKINYCCKHUC APOMATHYCCKHUC

YIJIEBOJOPOIbI
MPOCTOM HACTOJIbHBIMA PEAKTOP
MePEMEHHBIN TOK

3JEKTPOIYroBasi CBapKa

BBICOKAsI TOUKA KUIICHHS
pacTBOpPUTETH

BaKyyMHasi Kamepa

MOIABIATh

HEYJIOBUMBIH, PaCTUIBIBUATHIN, CIAOBIHI
MMITYJIbCHO-BAKYYMHBIN TUPOJIU3
PacTBOPSTH

BTYJIKA, pacTpyo

KoJyi0a

OTPHULATCIIBHOC JaBJICHUC, HABJICHUC,

HUXKE aTMOC(EpHOTO
MUPOJIUTHYECKOE JICTUAPUPOBAHHE

ACTUAPOTraJIOrCHUPOBAHUC
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molecular moiety MOJIEKYJISIPHOE BEIECTBO

closed-loop system 3aMKHYTasi CUCTEMa PETyJIUPOBAHUS
sublime CyOJIMMHUpPOBaTh

rotary evaporator POTOPHBIN UCTIAPUTET

diethyl ether JTUATUIIOBBIN hUp

evacuated quartz tube BaKyyMHas KBaplieBasi TpyOka

insoluble remains HEPACTBOPUMBIN OCTATOK

temperature gradient TeMIepaTypHbIN nepena,

TEMIIEPATYPHBINA IPAJUCHT

READING

4. Read the text and answer the following questions.

Production Methods of Fullerenes

Fullerenes can be generally produced in laboratory facilities in different
ways involving the generation of a carbon-rich vapor or plasma. There are essen-
tially three methods — with many modifications — to produce zero-dimensional
fullerenes: the Huffman—Kritschmer, or arc-discharge process, benzene combus-
tion in an oxygen-deficient environment, and the condensation of polycyclic aro-
matic hydrocarbons.

1. Huffman—Krdtschmer Method

As mentioned above, this was the first method to produce fullerenes in sig-
nificant amounts and its development, actually, marked the beginning of fullerene
science. The Huffman—Kritschmer method involves arc-discharge between highly
pure carbon rods in a helium or argon atmosphere at 100-200 Torr. A mechanical
mechanism is needed to translate the electrodes together to maintain the electrode
gap as the electrodes are consumed. Controlling such a gap was reported to be es-

sential for the process and to prevent temperature drop. At an estimated electrode
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tip temperature of 2000 1C the yield of fullerene in the produced soot is about 4%.
However, at an estimated electrode tip temperature of B4700 1C the yield of full-
erene in the produced soot was reported to increase into the 7-10 % range. Nota-
bly, the yield calculations tend to account for all types of formed fullerenes. C60
and C70, however, constitute the majority in the produced fullerene.

A simple bench-top reactor was developed to produce fullerene with 4 %
yield as well. The reactor utilizes an inexpensive AC arc welding power supply to
initiate and maintain a contact arc between two graphite electrodes in a helium at-
mosphere. Since this technique does not require a mechanism to translate the elec-
trodes together as they become consumed, it is termed the “contact arc method”.
Instead, the technique utilizes flexible support for the upper electrode and relies on
gravity to maintain contact between the two vertical electrodes. In a leap forward,
Parker et al. used a plasma arc in a fixed gap between two horizontal electrodes.
The developed apparatus is known as fullerene generator due to the high yield it
generates, reaching B40 % in high boiling point solvents. The exceptionally high
yield was attributed to the fine control of the arc gap combined with proper con-
vection of the atmosphere in the apparatus and careful extraction.

Several processing parameters are presently known to affect the fullerene
yield in an arc-discharge process. The optimum atmosphere to be used was found
to be highly pure helium. While most reactors are operated in the 100—200 Torr re-
gion, the optimum operation pressure was reported to be highly sensitive to the ac-
tual chamber design and should be determined for each specific reactor. Although
the purity of the carbon electrodes was found not to affect the soot production rate,
smaller-diameter electrodes gave higher yields of soot. In addition, small contami-
nations of hydrogen or moisture in the generation chamber seriously suppress full-
erene generation.

2. Benzene Combustion

Method Evidence that fullerenes can be formed in flames was at first elu-
sive, but progress was eventually made. In 1991 significant quantities of C60 and

C70 were found in samples collected from low-pressure premixed benzene/oxygen
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flames. Further investigations showed that fullerenes can be produced in substan-
tial quantities by sub-atmospheric pressure, laminar, premixed flames of benzene
in an oxygen-deficient atmosphere with or without the presence of an inert gas.
The largest yield of soot into fullerene was reported to be 20 % at a pressure of
37.5 Torr. It was also reported that fullerene formation in the flame can take place
with the presence of hydrogen and oxygen. The promise of the combustion method
encouraged the Frontier Carbon Corporation, a subsidiary of Mitsubishi Chemical
Corporation, to construct a large-scale fullerene factory in Japan in 2003. The fac-
tory has the capacity of producing 5000 ton of fullerene annually.

3. Condensation Method

The condensation method is based upon condensation of polycyclic aromatic
hydrocarbons through pyrolytic dehydrogenation or dehydrohalogenation process-
es. While the method does not produce fullerenes in sufficient quantities for practi-
cal applications, it provides a means of deducing the mechanism of fullerene for-
mation. The method was used to produce only C60 fullerene from a molecular pol-
ycyclic aromatic precursor bearing chlorine substituents at key positions subjected
to flash vacuum pyrolysis at 1100 1C through a 12-step reaction.
Source: Maher S. Amer “Raman Spectroscopy, Fullerenes, and Nanotechnology ”//

RSC Nanoscience & Nanotechnology, 201

QUESTIONS:

1. What are the basic methods used in fullerene production?
2. What is the Huffman—Kratschmer method?

3. What was a simple bench-top reactor developed for?

4. What is the optimal pressure in arc-discharge process?

5. What is the benzene combustion method?

6. What is the condensation method?
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VOCABULARY WORK

5. Translate the following expressions into English.

Bbicokasg 4uCTOTa, YroJIbHBIH CTPEXEHb, COOOIAIOCh, IKCTPAKIIMOHHBIA METO]
(u31€4eHHUs1), CyLIECTBEHHBIM, BaXKHbI, OTHOCUTEIBHO HU3KHE TEMIEPATYpHI, Jia-
OopaTopHOE OCHAIICHHE, MPOU3BOJIUTEILHOCTh, CyOIMMAllMOHHBIN METOA (METO
BO3TOHKH), 3JIEKTPOHHBIM Iy4YOK, 3JIEKTpUYECKas Jyra, MPOU3BOAUTEILHOCTD,
TBepAoTeNbHaA (a3a, onTUMalbHas cpefa, oOpabaTeiBaTh (pa3pyiiarh) yabTpa-

3BYKOM.

6. Translate the following expressions into Russian.

A non-solvent based method, contact arc method, the yield calculations, other
soluble impurities, the quartz tube, solvent vapors, fullerene contamination with
sulfur, non-extractable portion, removal of solvent traces, chlorine substituents,
in sufficient quantities, extractable molecular moieties, condenser unit, excep-
tionally high yield, hot distilled solvent extracts, various molecular weight fuller-

enes, benzene/oxygen flames, a 12-step reaction, involve, in different ways.

COMPREHENSION
7. Make up the rendering of the following text.

Extraction Methods of Fullerenes

The main method used to extract fullerene from the produced soot is the tra-
ditional Soxhlet extraction method. The Soxhlet method is traditionally used to ex-
tract molecular moieties from solid phases using organic solvents capable of dis-
solving the molecular moieties. The solid sample containing the molecular moiety
to be extracted is loaded into a thimble in the Soxhlet extractor. As the solvent is
boiled in the flask at the bottom, solvent vapors rise through the side channel on
the left of the extractor and condense near the bottom of the condenser unit, result-
ing in dripping hot distilled solvent into the thimble through the solid sample. The

hot distilled solvent extracts the molecular moiety on its way down through the
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solid sample, and the solution, then, makes its way back to the flask via the tube to
the right. This closed-loop system is usually operated for several hours, during
which all extractable molecular moieties are collected in the flask. The non-
extractable portion of the solid sample remains in the thimble.

Fullerenes are extracted from the produced soot using the Soxhlet apparatus
with any of different types of solvents. Many solvents have been used in the ex-
traction process, such as chloroform, toluene, benzene, n-hexane, 1,2- dichloroben-
zene, etc. The type of the solvent controls the speed of the extraction process and
dictates subsequent processes. For example, chloroform results in a very slow pro-
cess. The use of 1,2-dichlorobenzene results in a very fast extraction process but
requires a high vacuum process for removal of solvent traces. In addition, if carbon
disulfide is used, it has to be vigorously removed under vacuum to avoid fullerene
contamination with sulfur. Selective extraction of various molecular weight fuller-
enes by varying the extraction solvent has also been reported. Higher mass fuller-
enes are better extracted with more polar and higher boiling point solvents.

An efficient alternative method has also been proposed in the literature. In
this method, the produced carbon soot is dispersed in tetrahydrofuran (THF) at a
concentration of 0.1 gmL#1 at room temperature and then sonicated for 20 min.
After filtration to remove insoluble remains, the THF is removed using a rotary
evaporator operated at 50 1C, leaving fullerenes and other soluble impurities in the
flask. In this case, the impurities contain many polyaromatic hydrocarbons that can
be removed by washing the extract in diethyl ether before it is further purified.
A non-solvent based method, the sublimation method, was also utilized for fuller-
ene extraction from the produced soot. C60 and C70 powders are known to sub-
lime in vacuum at relatively low temperatures (i.e., 350 and 460 1C, respectively).
The advantage of the sublimation extraction method is that it produces fullerene
samples that are solvent free. In the sublimation method, the soot sample is placed
in one end of an evacuated quartz tube placed in a furnace with a temperature gra-
dient. The tube end containing the soot sample is kept at the highest temperature

zone of the furnace (600—700 1C). Fullerenes will sublime and drift down the tem-
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perature gradient to condense on the walls of the quartz tube. The higher the fuller-
ene mass, the closer to the soot it will condense.

Source: Maher S. Amer “Raman Spectroscopy, Fullerenes, and Nanotechnology ”//
RSC Nanoscience & Nanotechnology, 2010 — 304 p

WRITING

8. Translate the following sentences into Russian.

1. A mechanical mechanism is needed to translate the electrodes together to
maintain the electrode gap as the electrodes are consumed.

2. Controlling such a gap was reported to be essential for the process and to
prevent temperature drop.

3. However, at an estimated electrode tip temperature of B4700 1C the yield of
fullerene in the produced soot was reported to increase into the 7-10 % range.

4. Notably, the yield calculations tend to account for all types of formed fullerenes.
5. The reactor utilizes an inexpensive AC arc welding power supply to initiate and
maintain a contact arc between two graphite electrodes in a helium atmosphere.

6. The exceptionally high yield was attributed to the fine control of the arc gap
combined with proper convection of the atmosphere in the apparatus and careful
extraction.

7. Although the purity of the carbon electrodes was found not to affect the soot
production rate, smaller-diameter electrodes gave higher yields of soot.

8. In 1991 significant quantities of C60 and C70 were found in samples collected
from low-pressure premixed benzene/oxygen flames.

9. The hot distilled solvent extracts the molecular moiety on its way down through
the solid sample, and the solution, then, makes its way back to the flask via the
tube to the right.

10. Higher mass fullerenes are better extracted with more polar and higher boiling

point solvents.
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9. Translate the following text into English.

W3BecTHBI JBE TpyNIbl METOIOB NOMydYeHUs PYIUIEpPEHOB: 80320HKA epaghu-
ma ¢ TMOCJIeAyWIIel decyorumayuei N nupoaus y2neeo0opodos. 1lpu Bo3roHke
rpadura, TpeOyromei Temneparyp Bboiie 2000 K, uCHonb3yI0T HECKOJIBKO CITOCO-
00B HarpeBaHus: 1) C MOMOIIBIO BIEKTPUUECKON IyTH (AYroBoii), 2) pe3UCTUBHOE
(3a cuer mKOyJeBa Teia), 3) ayuyeBoe (C MOMOIIbIO JIA3EPHOTO M3ITYUYEHUS, COJI-
HEYHBIX KOHIIEHTPATOPOB WJIM 3JIEKTPOHHOTO MyukKa), 4) MIa3MEHHOE, 5) UHIYK-
IIMOHHOE (TOKaMH BBICOKOW 4actoThl). Jlyis mepeBoga rpadura B razoByro ¢azy
MPUMEHSIIOT TaK)K€ MarHeTpOHHOE pacmbuieHue. llepBbie 3KCIEPUMEHTHI, MpH-
BEJIIIIME K OTKPBITHIO (YyJIJIEPEHOB, OBLIM MPOBEJEHBI C BO3TOHKOW Ipaduta MM-
MYJIbCHBIM JIA3€PHbIM JIYYOM CPABHUTENIBHO OOJIBIION MOIIHOCTU B UMITyJibce. Me-
TOJI TIO3BOJIST CUHTE3UPOBaTh (yJUIEpEHBI B MUJUIUTPAMMOBBIX KOJIMUECTBAX U HE
Ob1 MaciitabupoBad. Haunbonee pacnpocTpaHEHHBIM M OTHOCUTENIBHO MPOCTHIM
METOJIOM MOJIy4eHHUsl QyIJIepPeHOB B TaOOPaTOPHUH SBISETCS BO3TOHKA M JeCyOH-
Manus rpaguTa B aeKmpuyeckou dyze, TOpSAIIEH MeXIy TpaUTOBBIMU 3IEKTPO-
JlaMU B MOTOKE MHEPTHOro rasza (yamie Bcero — renusi). JlabopaTopHblii BapuaHT
nporuecca Obut onucan B. Kpetumepowm u JI.P. Xyddbmanom. B nporecce pacxomy-
€TCsl aHOJ W 00pa3yroTCs JIBa MPOJyKTa — (yJuiepeHcoaepKamas caxa, Koropas
OCaXJAaeTCsl Ha CTEHKAaX PEaKUHOHHOM KaMepbl, U IUIOTHO CIIEYEHHBIA KaTOJIHBIN
ocanok. B caxy nepexoaut nuubs 3040 % Bo3ronsemoro yriepoaa. Temmnepary-
pa B nyre nocturaet 4000 K. Ilpu nuamerpe rpaduroBoro aHona 6 MM HauOOJb-
il BeixoJ ymiepeHoB (10—15 %) nocturaercs npu Toke 80 A, naBieHuu reaus
106 kIla (800 MM pT. CcT.) U pacctosHUU A0 KaTtoaa 3—5 mM. Ilockosbky ompene-
JSIOLMM MapaMeTPOM SIBJIIETCSI HE BEJIMYMHA TOKA, @ €ro INIOTHOCTh, U3MEHEHUE
reOMETPUHU aHOJa MEHSET ONTUMAIBHYIO JUIsi 00pa3oBaHus QyIJICPEHOB BEIMUYUHY
ToKa. bosbiioe 3HaueHre UMEET TakKe JaBjeHUE B pEaklMOHHON kamepe. Jlyro-
BbI€ YCTAHOBKM CO3[1aHbl B HECKOJBKHX BapHaHTax. [IoMMMO OmMCaHHOW BbIIIE
JIBYXAJIEKTPOJAHOM MCHBITAHbI TPEXAJIEKTPOJHBIE C MOJBIM KAaTOJIOM, C ICEBIO-
OKMDKEHHBIM CJIOEM, C AYIOH, IOTPYKEHHOW B LIMPKYIUPYIOLIMN OPraHUYECKUN

pactBopuTens U ap. McnblTana AByX3JIEKTPOIHAS YCTAHOBKA C IMOJAYEHN ITOPOIIKO-
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oOpa3Horo rpaduTa B AYTy M TPEXIICKTPOIHAS YCTAHOBKA C TOJa4Ye MOPOIIKO-
oOpazHoro rpaduta yepe3 oTBepcTHe B katone. s moaudunuposanus dysiepe-
HOB JPYTMMU BEILIECTBAMU UX BBOIST B JIEKTPOIbI, HATPUMEP MOKPbIBAsK OCHE-
HUE CHAPYXU TOHKON METAJUIMYECKOW TIEHKOM.

Source: http://helpiks.org/9-15111.html

SPEAKING

10. Make a presentation about fullerene production methods and techniques.
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Text 3
Raman spectroscopy — the diagnostic tool
PRE-READING
1. Answer the following questions.
1. What is Raman effect?

2. Why is it applied in Nanotechnology?

2. Practice the pronunciation of the following words.

devices [di'vaisiz] florescence ['flurasons]

liquids ['likwidz] resources [r1's0:s1z]

incident ['insidont] spatial ['speifol]

frequency ['frikwonci] successfully [sok'sesfali]
dynamic [dai'nemik] imaging ['imad3in ]

ion ['aion] monochromator ['monakro'meits]
diode ['daiad] utilize ['jutilaiz]

analyze [ane'laiz] sequentially [sik'wen/ali]
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VOCABULARY

3. Study and remember the words.

scattered light
incident light
inelastic scattering
excitation light
optical guide

data acquisition unit
ion line

solid-state laser

backscattered light
cartesian axes
spatial resolution
laser spot

confocal optical arrangements

near-field microscope
notch filter

strokes (anti-Stokes) lines
edge filter

exit slit

stray light

charge coupled device

paccessHHOE CBETOBOE U3JIyUEHUE
MAJAr0IIUN JIy4

HEYIPYroe paccessHue

BO30Y KIAIOIIHNIl CBET
OINTUYECKUI BOJIHOBOJ]
YCTPOMCTBO cOOpa JaHHBIX
JIMHUS U3Ty4YCHUS] HOHA

TBEPAOTENBHBIN JIa3€p, TBEPAOTEIbHBIN

ONTUYECKHUI KBAHTOBBII T€HEPATOP
OTPaXEHHBIN CBET

JIEKapTOBBI OCH KOOPAUHAT
IIPOCTPAHCTBEHHOE Pa3pPELICHUE
MATHO JIA3€PHOIO IMy4YKa

KOH(l)OKaJ'IBHaH OIITHYCCKAas cxeMma,

KOH(OKaIbHOE ONTUYECKOE YCTPONCTB
ONMMKHETIONBHBI MUKPOCKOTT
Y3KOIIOJIOCHBIN OJIOKUPYIONTUI QUIBTP
CTOKCOBO (QaHTUCTOKCOBO) paccesiHue
JUHEWHBIN QUIBTP, ENEeBON QUIBTP
BBIXO/IHas LIEJIb

pPacCessHHBIN CBET, IOCTOPOHHHUU CBET

puoop € 3apsiIOBOM CBA3BIO
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READING

4. Read the text and answer the following questions.

Raman spectroscopy — the diagnostic tool

In 1922, Chandrasekhara Venkata Raman, an Indian professor of physics, at
the University of Calcutta, working on light interaction with liquids published the
first of a series of papers with his collaborator K.S. Krishnan. The first paper enti-
tled “Molecular Diffraction of Light” ultimately led to his famous discovery on
28 February, 1928. A week earlier, two Russian professors — G.S. Landsberg and
L.I. Mandelstam — working at Moscow State University on light interaction with
crystals since 1926 reported, independently, the same phenomenon. The observed
phenomenon indicated that when light is scattered by matter a small percentage of
the scattered light will have a frequency that is different from the frequency of the
incident light. The observed shift in the scattered frequency is the result of a com-
bination between the frequency of the incident light and the frequency of molecu-
lar motion of the interacting material.

In Russian literature, the phenomenon is known as combinatorial scattering
of light. In the rest of the world, the phenomenon is known as the Raman effect.
C.V. Raman received the Nobel Prize in Physics in 1930. Seventy years after its
discovery, in 1998, the Raman effect was designated by the American Chemical
Society as a National Historical Landmark in recognition of its significance as a
tool for analyzing materials systems.

The Raman effect, or phenomenon, can be defined as an inelastic scattering
of light by matter. When a monochromatic light is scattered by matter, two types of
interaction take place and result into two distinctive types of scattered light. One
type of interaction does not involve energy transfer or exchange between the inci-
dent light photon and the molecules, or atoms, of matter. Hence, the scattered pho-
ton will have the same energy, or frequency, as the incident light. This type of scat-
tering is elastic in nature and referred to as Rayleigh scattering. The second type of

interaction involves energy exchange between the incident photon and the materi-
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al’s molecules. Hence, the scattered photon will have a new frequency, or energy,
which is simply equal to the sum or the difference between the frequencies of the
incident photon and the natural frequency of the thermally excited and kinetically
active species in the material. This type of scattering is inelastic in nature and is
referred to as Raman scattering.

Source: Maher S. Amer “Raman Spectroscopy, Fullerenes, and Nanotechnology”//
RSC Nanoscience & Nanotechnology, 2010 — 304 p.

QUESTIONS:

1. Who is Chandrasekhara Venkata Raman?
. What is he famous for?
. What is Raman spectroscopy?
. What is it used for?

. What are Raman images? How are the obtained?

2
3
4
5
6. What are the main elements of spectrometer?
7. What is the Raman effect and how can it be defined?
8. What is the Raman technique?

9

. What are the monochramators? What disadvantages do the have?

10. What are the CCD? What are they used for?

VOCABULARY WORK
5. Translate the following phrases into English.

VYabTpaduoneToBblil, BHIICYNOMSHYTHIA, PABHOMEPHO, JIJIMHA BOJIHbBI, XU-
MUYECKOE COCJMHEHUE, OJHOKAHAJIbHBIM, MHOTOKAHAIBHBIN, pa3paboTaTh, BHICO-
KO€ paspenieHue, JIa3epHblid Jyd, BU3yalIn3alus, ClioCOOHOCTh, MO3BOJISATh, OMpe-
JeNSITh, OMOJIOrMYecKre 00pasiibl, XpaHUTh, padOTaTh C JAHHBIMU, CIIEKTP BOJIHBI,
OCBEUIEHUE, BHICOKAsI YyBCTBUTEIbLHOCTD, HAJIE)KHOCTh, OTHOCUTEIILHO HHU3Kasi ce-

0eCTOMMOCTh, HACTPAUBAEMBIH.
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WRITING

6. Translate the following sentences into Russian in the written form.

1. The second approach to Raman imaging involves using a computer-controlled
stepping motor driven sample stage.

2. Advanced data manipulation software has been developed to enable better data
presentation, especially in the Raman imaging branch of experimental Raman
spectroscopy.

3. Time-gated CCDs and time-gated confocal microscopy have recently shown
strong potential for another lead in the field.

4. Notably, the more sophisticated the spectrometer system is, the higher its
resolution, the higher its stray light rejection capability, and the lower its
throughput will be.

5. In addition to being, currently, less expensive than notch filters, edge filters have
the advantage of allowing observation of Raman lines closer to the Rayleigh line.
6. The second purpose of the spectrometer is to analyze the collected optical
signal, which is carried out by dispersing the incoming light according to its
wavelength and then reimaging the output spectrum at the exit slit.

7. This allowed good resolution depth profiling of interfacial regions in layered
materials systems.

8. It enjoys major leaps with every advance made in electronics, optical devices,
control software, or data capturing and analysis fields.

9. The reader is encouraged to refer to these resources for details regarding such an
important aspect of the Raman technique.

10. Hence, the scattered photon will have a new frequency, or energy, which is
simply equal to the sum or the difference between the frequencies of the incident
photon and the natural frequency of the thermally excited and kinetically active

species in the material.
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7. Translate into English.

Pamanoeckasn CREeKmpocKonus (cnexmpocxonuﬂ Komﬁunauuounozo pacce;muﬂ)

Virtual
enengy ‘.

= —r—

Vibrational
energy stabes

| SR L
0
InfFrared Rayleigh Srokes Antl-Stokes

absarption scattering Raman Raman
scattenng scatterng

b R e

PamaHoBcKkoe paccesHue (MHau€e — KOMOMHALIMOHHOE PacCEesiHUE CBETA) ATO
HEYNPYroe paccessHue ONTUYECKOTO M3IyUEHUsI Ha MOJIEKYJIax BemecTBa (TBEPHO-
ro, KMJIKOTO WM Ta3000pa3HOro), COMpOBOKIAIOLIEECs 3aMETHBIM HM3MEHEHHEM
€ro 4acToThl. B oTiiMuue oT pasieeBCKOro paccesiHus, B Cly4ae paMaHOBCKOTO pac-
CEsIHUS B CIIEKTPE PACCESHHOTO W3JIyYEHHs IOSBIIOTCS CHEKTPaJbHBIE JUHUM,
KOTOPBIX HET B CHEKTPE NEPBUUHOr0 (BO30Yyxkaaroiiero) ceera. Yucio u pacnosuo-
YKEHUE TOSIBUBILLUXCS JIMHUM ONPEAEIeTCsS MOJIEKYJISIPHBIM CTPOCHHUEM BEILIECTBA.

Ha pucyHke npencraBieHa 3HEpreTHYecKas cxema yIpyroro M HeyIlnpyro-
ro B3auMoJelcTBUsA (QoTOHA C BemiecTBOM. [Ipu paneeBCkOM paccesHMM 4acToTa
OTPaXEHHOI'0 CBETa HE MEHsSETCSA. DTO "0ObIYHOE" OTpa)K€HUE CBETA OT MTOBEPXHO-
CTH WM U3 o0beMa BelecTBa. [Ipy paMaHOBCKOM paccesHUU MPOUCXOJUT U3ITy-
YeHHUE UM, HA000pOT, OTJIOLIEHHE KOJIeOaHHUs MOJIEKYJIbI ((POHOHA B TBEPIOM Te-
ne). Ecnu npu paccessHuM 4acToTa CBETa YMEHBIIAETCS, TAKOM MPOILIECC HA3bIBAET-
csi "crokcoBckoe paccessHue". Ecin, Hao0OpOT, yacToTa OTPA)KEHHOI'O CBETa
00JIbI1IE, TAKOW MPOLIECC HA3BIBAETCS "aHTHCTOKCOBCKUI".

PamaHOBCKasi CIEKTPOCKONHMSI, HMHAYe CIEKTPOCKOMHUS KOMOMHALMOHHOIO
paccesiHusl cBeTa ABisieTCsl YPGEKTUBHBIM METOJIOM XMUMHUYECKOT0 aHallu3a, U3y-
YEHHS COCTaBa U CTPOCHUS BELIECTB.

Source: http://www.laser-portal.ru/content 459
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COMPREHENSION
8. Read the second part of the text and summarize the main idea.

The most important thing to know is that Raman instrumentation is a very
dynamic field. It enjoys major leaps with every advance made in electronics, opti-
cal devices, control software, or data capturing and analysis fields. Generally
speaking, the instrument consists of six main parts: an excitation light source, an
optical guiding system, an optical microscope, a spectrometer, a detector, and a da-
ta acquisition unit. The excitation light source is always a laser. It can be a mono-
chromatic laser or a tunable dye laser. The most commonly used lasers line in Ra-
man spectroscopy is the argon ion line at 514.5 nm. Other laser lines are very
widely used as well. Solid-state lasers with an excitation wavelength in the 780nm
range are preferred for biological samples to avoid, or reduce, the detrimental ef-
fect of florescence. Recently, UV lasers in the 200-300nm wavelength range have
become preferred for carbon nanotube investigations. Regular optical microscopes
are used to focus the laser light on the sample, to collect the backscattered light and
send it to the spectrometer, and to define the Cartesian axes for the experiment for
polarization directions definition purposes. Moving microscope stages (with a mi-
cron and submicron step size) are widely used to conduct Raman mapping experi-
ments. With a typical optical microscope, the spatial resolution of the technique
will be limited to the size of the laser spot interaction volume with the sample.
A spatial resolution of 1 micron was successfully reached. More recently, high-
resolution near-field microscopes were employed to further enhance the spatial
resolution and capabilities of the Raman technique. The purpose of the spectrome-
ter is twofold: First to separate the Rayleigh scattered light from the Raman signal
(by Rayleigh light rejection), which can be done by a holographic notch filter, an
edge filter, or a monochromator. Notch filters will enable the collection of both
Stokes and anti-Stokes lines, while edge filters will allow collection of the Stokes
Raman lines only. In addition to being, currently, less expensive than notch filters,
edge filters have the advantage of allowing observation of Raman lines closer to

the Rayleigh line. The second purpose of the spectrometer is to analyze the collect-
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ed optical signal, which is carried out by dispersing the incoming light according to
its wavelength and then reimaging the output spectrum at the exit slit. The spec-
trometer consists of a group of gratings and mirrors that can be arranged in differ-
ent ways to give one of the following spectrometer subclasses:

1. Monochromator, which presents one wavelength at a time from the exit slit, and
can be tuned to select the required wavelength.

2. Scanning monochromator: in this case the monochromator is motorized to scan
a range of wavelengths sequentially.

3. Polychromator: in this arrangement, selected wavelengths are presented at
various exit slits.

4. Spectrograph: in this arrangement, a range of wavelengths is imaged at an exit
plane, and here is no exit slit.

5. Imaging spectrograph: in this case, special corrective optics are used to maintain
better image quality along the two axes of the imaging plane.

Monochromators usually have high resolution, high stray light rejection, but
low throughput. Spectrographs, on the other hand, have lower resolution, lower
stray light rejection, but higher throughput. A spectrometer can contain one or
more of the aforementioned subclasses arranged in a way to give single, double,
triple, or a single plus double monochromator systems. Spectrographs can also be
combined with monochromators in the same system. Notably, the more sophisti-
cated the spectrometer system is, the higher its resolution, the higher its stray light
rejection capability, and the lower its throughput will be. Higher stray light rejec-
tion allows observation of Raman bands closer to the laser line. Detectors can be
either a single channel or multi-channel. Single-channel detectors (photomultiplier
tubes, PMTs) read one wavelength at a time, and have long been used in Raman
studies due to their high sensitivity, low background count, wide covered range,
reliability, and relatively low cost. Their main disadvantage is the low sensitivity,
requiring a long time to record a spectrum. Multi-channel detectors can be an in-
tensified diode array or a charge coupled device (CCD). It is hard to catch up with
the rapid developments in the field of CCD cameras. Time-gated CCDs and time-
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gated confocal microscopy have recently shown strong potential for another lead in
the field. The data acquisition unit is simply a PC interfaced with the detector to
store, display, and manipulate the data. Advanced data manipulation software has
been developed to enable better data presentation, especially in the Raman imaging
branch of experimental Raman spectroscopy. The optical guiding system consists
of a group of mirrors to direct the laser beam from the source to the sample and
back to the spectrometer, holographic filters to remove the plasma lines from the
laser beam, and a set of polarizing units to control the polarization of the incident
and the scattered beams. It is important to add that recently instruments have been
developed with the ability to obtain microscopic images known as “Raman imag-
es”. Two approaches have been described to obtain a Raman image. The first in-
volves the illumination of the whole field-of-view of the microscope uniformly
with the laser light. The microscope then transfers the sample image to a mono-
chromator that selects predetermined wavelengths to be imaged on a TV camera at
the exit focal plane. If the predetermined wavelength represents the Raman band of
an element or a compound, the image will show the distribution of that element or
compound within the selected area of the sample. The second approach to Raman
imaging involves using a computer-controlled stepping motor driven sample stage.
An area of the sample is mapped by recording spectra from a series of spatial
points. The produced map can be either one- or two-dimensional profiles that show

the intensity of the Raman band of a certain element or compound.
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Text 4
Symmetry
PRE-READING
1. Answer the following questions.
1. What is symmetry?

2. Can one calculate symmetry?

2. Practice reading the following words.

symmetry ['simatri] identical [ai'dentikl]
rigorously ['rigarasli] inversion [in'va:[n]
concerned [kon'sa:nd] equivalent [ik'wivalnt]
separately ['separatli] linear [lai'nia]
indistinguishable [,indis'tingwifabl] rotate [ro'teit]

images ['imid3iz] occupied [okju'paid]
vertical ['va:tikl] diagonal ['daiogonal]
horizontal [,hori'zontol] perpendicular [popan'dikalo]
determination [,ditomi'neifon] bisecting [bai'sektin]
VOCABULARY

3. Study and remember the words.

reflection OTpaKECHHE

express BBIPAXKATh

perfection COBEPILIEHCTBO
rotation angle yTOJI BpallleHUs
symmetry plane MJI0CKOCTh CHMMETPUU
symmetry point LEHTP CUMMETPUH
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symmetry line
correspondence
inversion center
center of symmetry
identity element of symmetry
(anti)clockwise
rotation axis
proper rotation
rotation order
angle of rotation
space filling
assume

n-fold rotation axes

linear molecule

mirror image

mirror plane

planar molecule
rotation reflection axis

improper rotation axis

READING

OCh CUMMETPHH
COOTBETCTBHE

IIEHTP UHBEPCUHU

IIEHTP CUMMETPHH

eIMHUIIAa CHMMETPUHU

10 (MPOTUB) YaCOBOM CTPEIIKU
OCh BpaIlleHUs

COOCTBEHHOE BpallleHUE
MOPSIJIOK BPAIIEHUS

yToJ1 BpalieHust

IJIOTHOE 3aII0JTHEHUE
npearnoiarath

OCH CUMMETPHUHU N-TIOPSIIKA

MOJICKYJIa C HCpﬁBBGTBJ’IGHHOﬁ

(HOpMaJIbHOW ) LIETIBIO

3CPKAJIIBHOC OTO6pa}KCHI/IC

3CpPKaJIbHAs IJIOCKOCTb CUMMCETPHUUN

IIOCKas MOJICKYJIa

OCH 3€pKaJIbHO-IIOBOPOTHON CUMMETPHUHU

CUMMCTpPHUA HECOOCTBEHHOTIO BpalllCHUA

4. Read the text and answer the following questions.

Symmetry

Symmetry is an amazing natural concept. It can be observed in almost every-

thing around us including, not surprisingly, ourselves. Nature used symmetry bil-
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lions of years before man and must have taught mankind how to understand sym-
metry and use it. The German mathematician Hermann Weyl (1885-1955) said
that through symmetry man always tried to perceive and create order, beauty, and
perfection. The correlation between symmetry and beauty would become clear if
one was ever moved by the symmetry, or beauty, of a snowflake, a crystal, or a
flower.

The mathematical formulation of symmetry was rigorously developed in the
nineteenth century. According to Hermann Weyl, an object is called symmetrical if
it can be changed “somehow” to obtain the same object. The mathematical descrip-
tion of symmetry is concerned with the correspondence of positions on opposite
sides of a point, a line, or a plane. Mathematicians realized that at most, five differ-
ent elements of symmetry are needed to fully describe the correspondence of two
point positions. In other words, one would need at most five different elements of
symmetry that once operated separately on a point the point can be moved to a new
indistinguishable position. To correlate this concept more closely with molecules,
one may note that every molecule would possess one or more symmetry elements
that once operated the molecule will assume a new configuration indistinguishable
from the original one. Hence, the “somehow” turns out to be simply the operation
of any of the following five symmetry elements.

Identity (E)

The identity symmetry element exists in everything in the universe. It is usu-
ally given the symbol (E) for the German word "Einheit" ['ainhait] meaning unity.
Loosely, the word can be translated as “the same” or “identical”.

Center of Symmetry (1)

A center of symmetry is a point in space that occupies a midpoint on a line
connecting two indistinguishable positions. The center of symmetry is also known

[13%2]
1

as inversion center, hence, the designation “i”. If one connects a line from an atom
in a molecule, or, generally speaking, a site or position in space, through a center
of symmetry, extending the line for the same distance should lead to an equivalent

indistinguishable atom, or position. For example, the carbon atom in a CO, mole-
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cule occupies a center of symmetry. If we consider any of the oxygen atoms, con-
necting a line from that oxygen to the carbon and extending the line an equidis-
tance, will lead us to the second oxygen atom in the molecule that is indistinguish-
able from the one we started at. Note that a center of symmetry of a molecule may,
or may not, be occupied by an atom. For example, both CO, and C,H, molecules
possess a center of symmetry. While that center of symmetry is occupied by a car-
bon atom in the case of CO, , it is unoccupied in the case of ethyne, and actually
lies on the midpoint between the two carbon atoms. As mentioned above, if we op-
erate the center of symmetry operation on one of the oxygen atoms in CO, we will
move that atom to the second oxygen atom position. Now what if we operate the
center of symmetry on the same oxygen atom twice? This will bring the oxygen
atom back to its original (i.e., identical) position. Clearly, then, operating a center
of symmetry element twice (this is mathematically expressed as i°) is equivalent to
the identity element of symmetry (E). Mathematically this can be expressed
as i’=E.

Rotation Axes (C,)

If one could rotate a molecule (clockwise or anticlockwise) about an axis in-
to a new configuration that is indistinguishable from the original configuration, the
molecule is said to possess a rotation axis of symmetry (C,)". This symmetry ele-
ment is also referred to as proper rotation axis. The subscript “‘n’’ is the rotation
order describing the angle of rotation required to reach an indistinguishable con-
figuration of the molecule. The rotation angle can be 2n/n (360°/n). For crystals,
due to space filling requirements, n can only assume the values 1, 2, 3, 4, and 6.
For molecules, however, n may take any integer value (1, 2, 3. . .00). For example,
a CO, molecule possesses two two-fold rotation axes (C,) normal to the molecular
axis. If the molecular axis is in the x-direction, rotation of 180° (2n/2) about either
the y-axis or the z-axis will bring the molecule into an indistinguishable configura-
tion. It is also important to note that for such linear molecules, the molecular axis
represents a (Coo) rotation axis. It is also simple to observe that a benzene molecule

possesses a six-fold rotation axis (Cs) normal to its plane. If one rotates a molecule
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that possesses a two-fold rotation axis 180° about that axis, this operation can be
expresses as C',. Similarly, rotation of 60° about a six-fold rotation axis is ex-
pressed as C's. Also, a rotation of 120° about a sixfold axis is expressed as C%.
Both operations will bring the molecule into an indistinguishable configuration.
A rotation of 360° about any rotation axis can be expressed as C”,. Such symmetry
operation will bring the molecule into the original (identical) configuration. Hence,
it is equivalent to the identity symmetry element (E). Mathematically this can be
expressed as C", =E.

Planes of Symmetry (o) (Mirror Planes)

If a molecular configuration can be divided by a plane into two parts that are
mirror images of each other, then the molecule possesses a symmetry plane (o)
[sigma]. This symmetry element is also known as mirror plane. If the molecule
possesses two symmetry planes intersecting in a line, the intersection line will be a
rotation axis. Three different types of symmetry planes have been distinguished:
vertical (o), horizontal (o), and diagonal (o4); o, 1s used to denote symmetry
planes intersecting in a rotation axis. If the symmetry planes are bisecting the angle
between two successive two-fold axes, the planes are denoted as diagonal planes
(04). Horizontal symmetry planes (oy,) are usually those in the plane of planar mol-
ecules. Some texts use primes to distinguish different types of symmetry planes.
Usually, symmetry planes in a plane of planar molecules are designated as o'
Symmetry planes out of the molecular plane are designated as o,. In addition, re-
flection in a symmetry plane twice (c°) results in the original configuration, hence
o° =E.

Rotation Reflection Axes (S,) (Improper Rotation)

For some molecules, an indistinguishable configuration can be reproduced
by rotation to a certain degree (360°/n) about an axis and then reflection through a
reflection plane that is perpendicular to the rotation axis. Such symmetry element
is denoted as a rotation reflection axis, or improper rotation axis (S,). The symbol
S is, again from German, from the word Spiegel ['[pi:gol], meaning a mirror; n is
the order of the axis. If we consider an ethane molecule (H;—C—C—Hj;), the posi-
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tions of any two of the indistinguishable hydrogen atoms can be exchanged by ro-
tating 60° about a vertical axis, then reflecting in a horizontal plane. Such a sym-
metry element is denoted as (S¢). Note that neither a C¢ nor a oy, are present on
their own. An improper rotation axis can also be operated in stages exactly like ro-
tation axes. Repeating the operation again results in S%. An S% is indeed equiva-
lent to a C; rotation. One can clearly understand this by realizing that in a S*% we
rotate a total of 120° (equivalent to a C;) and reflect in the same horizontal plane
twice (6> =E). Improper rotation axes also have the characteristic that S",=E, if n is
even. Another unique characteristic of improper rotation axes is that S "* =i, if n
is even and n/2 is odd (S for example). Understanding such characteristics of
symmetry elements enables easier determination of all symmetry elements of a
molecule. For example, if a molecule possesses a Sg symmetry element, it must

have an inversion center (i). The opposite is not necessarily true.

QUESTIONS:

1. What is symmetry?
. What are the examples of symmetry in nature?
. What is the history of symmetry investigation?

. What are the elements of symmetry?

2
3
4
5. What is center of symmetry?
6. What are rotation axes?

7. What are the planes of symmetry?
8

. What are rotation reflection axes?

VOCABULARY WORK
5. Translate the following expressions into Russian.

Are denoted as diagonal planes, another unique characteristic, enables easier
determination, if we consider an ethane molecule, reflecting in a horizontal plane,
this operation can be expresses as, to distinguish different types of symmetry

planes, in stages exactly like rotation axes, symmetry planes intersecting in a line,
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mathematical formulation, rigorously developed, it is also important to note that,

are designated as, original configuration.

6. Translate the following expressions into English.
DJeMEeHT CUMMETPUHU, CUMMETPHUSI OTHOCUTEJIBHO OCH (TOYKH, MJIOCKOCTH),
HIECTUKpPATHAsE CAMMETPHS, CAMMETPUSI BpallleHUs], IMaroHallbHas MIIOCKOCTh, Bpa-

HICHHE TI0JT OTIPEICIIEHHBIM YTJIOM, OCh BpAIICHHs, Hepa3inuuMasi KOHUTyparmsi.

WRITING

7. Translate the following sentences into Russian.

1. The mathematical description of symmetry is concerned with the correspond-
ence of positions on opposite sides of a point, a line, or a plane.

2. To correlate this concept more closely with molecules, one may note that every
molecule would possess one or more symmetry elements.

3. If one connects a line from an atom in a molecule through a center of symmetry,
extending the line for the same distance should lead to an equivalent indistinguish-
able atom, or position.

4. While that center of symmetry is occupied by a carbon atom in the case of CO,,
it is unoccupied in the case of ethyne, and actually lies on the midpoint between
the two carbon atoms.

5. If one could rotate a molecule (clockwise or anticlockwise) about an axis into a
new configuration that is indistinguishable from the original configuration, the
molecule is said to possess a rotation axis of symmetry (C,)".

6. The subscript “n” is the rotation order describing the angle of rotation required
to reach an indistinguishable configuration of the molecule.

7. If the molecular axis is in the x-direction, rotation of 180° (27/2) about either the
y-axis or the z-axis will bring the molecule into an indistinguishable configuration.
8. The opposite is not necessarily true.

9. If the symmetry planes are bisecting the angle between two successive two-fold

axes, the planes are denoted as diagonal planes (cy).
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10. For some molecules, an indistinguishable configuration can be reproduced by
rotation to a certain degree (360°/n) about an axis and then reflection through a re-
flection plane that is perpendicular to the rotation axis.

8. Translate the following sentences into English.

1. Onepanus COBMEIICHHUS 4YacTed CUMMETPUYHON (UTypbl U (GUTYPHI B ILIEJIOM
HA3BIBACTCSI CHMMETPHUCCKUM TPEOOpa30BaHUEM.

2. KaxaoMy 31eMEHTy COOTBETCTBYET CBOE CHUMMETpPUYECKOEe MpeoOpa3oBaHUE,
MOCPEACTBOM KOTOPOTro (hurypa copmMeniaeTcs cama ¢ coOomu.

3. B kpucrammueckiux MHOTOTpaHHUKAX BO3MOJKHBI AJIEMEHTHI CHMMETPHH: TUIOC-
KOCTH CUMMETPHH, LICHTP HHBEPCUHU, OCH CHMMETPUU U MHBEPCHUHU.

4. TIIOCKOCTBIO CUMMETPHM Ha3bIBACTCS IUIOCKOCTh, KOTOpas NEIUT (UTypy Ha
JIBE€ PAaBHBIE YaCTH, PACIIOJIOKEHHBIE IPYT OTHOCUTEIBHO JApyra Kak MpeMeT U ero
3epKaJIbHOE OTpaXKEHUE.

5. IlnockocTh cuMMeTpun 0603HadaeTcst OykBoil P.

6. CuMmMmeTpudecKoe MmpeoOdpa3oBaHe, OTBEYAIOIIEE TUIOCKOCTH CUMMETPHH, €CTh
OTpaX€HUE B TUIOCKOCTH.

7. Ocbh CUMMETPHUU N-TO MOPSIIKA — JIMHUS MPU MTOJHOM 000pOTE BOKPYT KOTOPOI
IJI0CKasi UK MPOCTPAHCTBEHHAs! (PUrypa HECKOIBKO pa3 MPUXOAUT B COBMEILICHUE
cama ¢ cobom,

8. Uucno COBMENICHHWI TMpU TOJHOM O00O0pPOTE HA3BIBACTCS TOPSAIKOM OCH, a
HAaUMEHBIITUN yTroJl MOBOPOTa, MIPU KOTOPOM (PUTypa COBMEIIAETCS cama ¢ OO0, —
AJIEMEHTAPHBIM YTJIOM ITOBOPOTA.

9. Ha pucyHnke npeictaBieHbl H300paKeHUSI C OCSIMU CUMMETPUHU CIEAYIOMIMX T10-
pankoB: 2, 3, 4, 5, 6, 7 1 COOTBETCTBEHHO JJIEMEHTapPHBIMHU yTJIAMU MOBOPOTA -
180, 120, 90, 72 rpaxyca u T. 1.

10. Hapsimy ¢ oCcbl0 CUMMETPHUH N-TO MOPSJIKA B KaXKIOM M3 MPUBEIECHHBIX M300-

pPaXEHNH UMEETCS HECKOJIBKO NIEPECEKAIOIINXCS 0CEH CUMMETPHN.

9. Make up a plan and retell the text “Symmetry”.
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Test 2 (Unit 2).
1. Give full names for these abbreviations and translate them into Russian:
CNT —
MWCNT —
SWCNT —
TEM —
CCD —
UV laser —
PMT —
AC -

2. Translate this introduction words and phrases and make up sentences using
them:

Notably, clearly, currently, therefore, moreover, indistinguishable, in addition, on
the other hand, generally speaking, hence, thus, interestingly, for instance, essen-

tially, significant, presumably, particularly, consequently.

3. Translate the following terms into Russian:

Arc discharge technique-based synthesis, electric arc discharge-synthesized
nanotubes , Inversion center, Identity element of symmetry, linear molecule, im-
proper rotation axis, Exfoliated graphite, Co-axial tubes, non-solvent based meth-
od, contact arc method, the yield calculations, other soluble impurities, Solid-state
laser, backscattered light, Cartesian axes, Confocal optical arrangements, spatial

resolution.

4. Translate the following terms into English:

Hcnapenue MeTo0M 3JIEKTPOIYTOBOrO pas3psijia, OCh CHMMETPHH, YToJI Bpa-
IeHMs, Tpad)eHOBasl TUTACTHUHA, PA3TIIAAETh, UCTIApEHUE, JOCTYITHBIN, TPUMEUATEITb-
HO, CITy4yaiiHbId, (hOpMa, COCYI, YCKOPHUTb, YTIAEPOJ, BHIYUCICHUS, HAHOJICHTHI, CY-
IIICCTBCHHBIN, CTPYKTYPHBIN, BEICOKOH YHCTOTBI, YTOJBHBIH CTPEKEHB, COOOIIAIOCH,

OKCTPAKIIMOHHBIA MeTOA  (M3JIeUEHUs1), CYIIECTBEHHbIN, Ba)KHBIM, OTHOCUTEIIHHO
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HU3KHE TEMIEPATyphbl, J1a00paTOPHOE OCHAILEHUE, TPOU3BOIUTENBHOCTD, BBICOKOE
paspelieHue, Ja3epHbli Jyd, BU3yalu3alus, ClIOCOOHOCTh, II03BOJISTh, OIPEIEIATh,

ounonorudeckre o0pasipl, XpaHUTh, pad0TaTh C JAHHBIMU, CIIEKTP BOJIHBI.

5. Translate the following sentences into English:

1. TITOCKOCTBIO CHMMETPHH HA3bIBAETCS IUIOCKOCTh, KOTOpas NEauT (GUrypy Ha
JIBE PaBHBIC YACTH, PACIIONIOKCHHBIE APYT OTHOCUTEIIBHO JAPYyTra KaK MPEIMET U €T
3epKajJbHOE OTPAKCHHE.

2. [Ipu paneeBcKOM paccessHUM YaCcTOTa OTPAKEHHOTO CBETa HE MEHSIETCS.

3. ®ymiepeHsl — 3TO MapooOpa3HbIe MOJIEKYIIBI C 3aAMKHYTON TTOBEPXHOCTBIO.

4. Ha pucyHKe mpencTaBieHa JHEPreTHYecKass CXeMa yIpyroro W HEyIpyro-
ro B3aMMOJICHCTBHS ()OTOHA C BEIIECTBOM.

5. IlepBbIe AKCIEPUMEHTHI, IPUBEIIINE K OTKPHITHIO (PYJIEpEHOB, ObLIH TIPOBE/Ie-
HBI C BO3TOHKOM TpaduTa UMITYJIBCHBIM JIA3EPHbIM JTYHOM CPABHUTEIBHO OOJIBIION

MOITHOCTHU B UMITYJIBCC.

6. Translate the following sentences into Russian:

1. Hence, the scattered photon will have a new frequency, or energy, which is
simply equal to the sum or the difference between the frequencies of the incident
photon and the natural frequency of the thermally excited and kinetically active
species in the material.

2. If one could rotate a molecule (clockwise or anticlockwise) about an axis into a
new configuration that is indistinguishable from the original configuration, the
molecule is said to possess a rotation axis of symmetry (C,)".

3. With a typical optical microscope, the spatial resolution of the technique will be
limited to the size of the laser spot interaction volume with the sample.

4. By using the method of Kratschmer and Huffman, C60 and other allotropes of
fullerenes could be produced in reasonable amounts in a way accessible to many
laboratories.

5. In addition, if carbon disulfide is used, it has to be vigorously removed under
vacuum to avoid fullerene contamination with sulfur.
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UNIT 3. APPLICATION OF NANOTECHNOLOGY
Text 1
Current trends in nanotechnology
PRE-READING
1. Answer the following questions.
1) What is the future of nanotechnologies?
2) Where can we apply nanotechnology?

www.axplainthatstuff.com

2. Learn this information and answer the question.
Can you figure out how tall you are in nanometers?
Ordinary objects are absolutely huge measured on what scientists call the na-
noscale:

Atom: ~0.1 nanometers.

Atoms in a molecule: ~0.15 nanometers apart.

DNA double-helix: ~2 nanometers in diameter.

Typical protein: ~10 nanometers long.

Computer transistor (switch): ~100-200 nanometers wide.
Typical bacteria: ~200 nanometers long.

Human hair: ~50,000-100,000 nanometers in diameter.
One piece of paper: ~100,000 nanometers thick.

Girl 1.2 m (4ft) tall: ~1200 million nanometers tall.

Man 2m (6.5 ft) tall ~ 2000 million nanometers tall.

Empire State Building: 381m (1250 ft) tall: ~381,000 million nanometers tall.
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3. Practice reading the following words.

Billionth [ 'bilron0]
Tiny [ tamni]
Cellular [ 'seljula]
Discernible [d1's3:nobl]
Ambiguity [eembr’ gju:itr]
Ubiquitous [Ju: bikwitas]
Pervasive [p3:'versiv]
VOCABULARY

4. Study and remember the words.

measure Mepa, CTENeHb, U3MEPSTh, MEPUTh

tiny KPOLLIEYHBIN, HE3HAYUTEIIbHBIM,
HUYTOXKHBIN

cellular COTOBBIM, KIICTOYHBIN, KJIETUATHIN,
SIYEUCTHIN, COTOBAs CBS3b

flexible TUOKWH, DIaCTUYHBIN, YIPYTUH

durable MPOYHBIN, JTOJITOBEYHBIH,
JUTUTEJIEHOTO MOJIb30BaHUS

discernible 3aMETHBIN, OTIYTUMBIH, SBHBIMH,
pa3IUYUMBbIA

ambiguity HESCHOCTh, COMHUTEIHHOCTh, JBY-

CMBICJIICHHOCTb, HCOAHO3HAYHOCTD

ATM (Automatic Teller Machine) OaHKoMar

fingerprints OTIECYATKU MAJIbIEB

ubiquitous MTOBCEMECTHBIH,
pacnpocTpaHEHHBIH

pervasive MOBCEMECTHBIH, MOJHBIN

embedded BCTPOEHHBIN, UHTETPUPOBAHHBIN
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sync CUHXPOHHU3AIMs 3ByKa W H300pa-
KEHUS

1r1s paayxHasi 000JI04Ka Ij1a3a

withdraw 3]I. CHUMATh

retina ceTyaTka

READING

5. Read the text and answer the questions below.

Current trends in nanotechnology

By all accounts, nanotechnology — the science of making devices from sin-
gle atoms and molecules — is going to have a huge impact on both business and our
daily lives. Nano devices are measured in nanometers (one billionth of a metre)
and are expected to be used in the following areas.

» Nanocomputers: Chip makers will make tiny microprocessors with na-
notransistors, ranging from 60 to 5 nanometres in size.

* Nanomedicine: By 2020, scientists believe that nano-sized robots, or
nanobots, will be injected into the body's bloodstream to treat diseases at the cellu-
lar level.

» Nanomaterials: New materials will be made from carbon atoms in the
form of nanotubes, which are more flexible, resistant and durable than steel or
aluminum. They will be incorporated into all kinds of products, for example stain-
resistant coatings for clothes and scratch-resistant paints for cars.

Artificial Intelligence (Al) is the science of making intelligent machines and
programs. The term originated in the 1940s, when Alan Turing said: 'A machine
has artificial intelligence when there is no discernible difference between the con-
versation generated by the machine and that of an intelligent person.' A typical Al
application is robotics. One example is ASIMO, Honda's intelligent humanoid ro-
bot. Soon, engineers will have built different types of android, with the form and

capabilities of humans.
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Another Al application is expert systems — programs containing everything
that an 'expert' knows about a subject. In a few years, doctors will be using expert
systems to diagnose illnesses. Neural networks are a new concept in computer pro-
gramming, designed to replicate the human ability to handle ambiguity by learning
from trial and error. They use silicon neurons to imitate the functions of brain cells
and usually involve a great number of processors working at the same time.

Imagine you are about to take a holiday in Europe. You walk out to the gar-
age and talk to your car. Recognizing your voice, the car's doors unlock. On the
way to the airport, you stop at an ATM. A camera mounted on the bank machine
looks you in the eye, recognizes the pattern of your iris and allows you to withdraw
cash from your account.

When you enter the airport, a hidden camera compares the digitized image
of your face to that of suspected criminals. At the immigration checkpoint, you
swipe a card and place your hand on a small metal surface. The geometry of your
hand matches the code on the card, and the gate opens. You're on your way.

Does it sound futuristic? Well, the future is here. Biometrics uses computer
technology to identify people based on physical characteristics such as fingerprints,
facial features, voice, iris and retina patterns.

Ubiquitous computing, also known as pervasive computing, is a new ap-
proach in which computer functions are integrated into everyday life, often in an
invisible way. Ubiquitous devices can be anything from smartphones to tiny sen-
sors in homes, offices and cars, connected to networks, which allow information to
be accessed anytime and anywhere — in other words, ubiquitously. In the future
people will interact naturally with hundreds of these smart devices (objects con-
taining a microchip and memory) every day, each invisibly embedded in our envi-
ronment and communicating with each other without cables.

In the ideal smart home, appliances and electronic devices work in sync to
keep the house secure. For example, when a regular alarm system senses that
someone is breaking into the house, it usually alerts the alarm company and then

the police. A smart home system would go further, turning on the lights in the
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home and then sending a text message to the owner's phone. Motorola Homesight
even sends images captured by wireless cameras to phones and PCs. Smart homes
can remember your living patterns, so if you like to listen to some classical music
when you come home from work, your house can do that for you automatically.
They will also know when the house is empty and make sure all appliances are
turned off. All home devices will be interconnected over a home area network
where phones, cable services, home cinemas, touch screens, smart mirrors and
even the refrigerator will cooperate to make our lives more comfortable.

Source: The Richmond Times-Dispatch, www.businessweek.com

QUESTIONS:

. What sphere of life are nanotechnologies expected to be used in?
. Where can nanopmaterials be used?

. What is android?

. What is the application of AI?

. Why are silicon neurons used?

. How does biometrics help computer technology?

. What is ubiquitous computing?

o 9 N U B~ WND =

. What way will smart homes facilitate our life in the future?

VOCABULARY WORK

6. Find English equivalents to the following word combinations in the text.
OrpoMHOE BIUSIHUE; CYS 110 TOMY, YTO TOBOPST; YCTOMYUBEIE K IIapaliiHam

KpPacKH; BOBMOKHOCTH Y€JIOBEKA; HE3aMETHO BCTPOCHHBIN; TPOBECTHU JIEKTPOHHON

KapTOH 1O CYMTHIBAIOIIEMY YCTPOKCTBY; BOCIIPOU3BOIUTE CIIOCOOHOCTh YEJIOBEKA;

CHHUMAaTh HAJIMYHBIC; MPEIoaraéMbie MPECTYITHUKHU; y30p CETUATKH TJiaza; MoJi-

Hasd I/IH(bOpMaTI/ISaI_[I/ISI; CUCTCMaA CUTHAJIW3allnn; MOJCJIb IIPOKNBAHMA.
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7. Match the definitions with the words from the text.

1. A household appliance used for keeping food fresh
2. An apparatus or device, usually powered electrical-
ly, used in homes to perform domestic functions.

3. The branch of computer science dealing with the
reproduction or mimicking of human-level thought in
computers.

4. Muscular diaphragm that controls the size of the
pupil which in turn controls the amount of light that
enters the eye; it forms the colored portion of the eye.
5. The innermost light-sensitive membrane covering
the back wall of the eyeball; it is continuous with the
optic nerve.

6. A cell of the nervous system, which conducts nerve
impulses; consisting of an axon and several dendrites,
it processes and transmits information through electri-
cal and chemical signals.

7. The ability of an organism to record information
about things or events with the facility of recalling
them later at will.

8. It is the smallest unit of life that is classified as a
living thing.

9. The smallest possible amount of matter which still
retains its identity as a chemical element, now known
to consist of a nucleus surrounded by electrons.

10. the smallest part of any substance which possesses
the characteristic properties and qualities of that sub-

stance, and which can exist alone in a free state.

A. Molecule

B. Cell

C. Retina

D. Atom

E. Memory

F. Artificial Intelligence
G. Appliance

H. Neuron

I. Refrigerator

J. Ir1s
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8. Put the missing words in the text into gaps and translate it.

How big is "nano''?

nanometer nanoscopic kilometers nanoscale electron world instruments

photos microscopic

We live on a scale of meters and (thousands of meters), so it's quite
hard for us to imagine a that's too small to see. You've probably looked
at amazing in science books of things like dust mites and flies photo-
graphed with microscopes. These powerful scientific make
images that are , which means on a scale millionths of a meter wide.

involves shrinking things down to a whole new level. Nano means

"billionth", so a 1s one billionth of a meter. In other words, the

is 1000 times smaller than the microscopic scale and a billion (1000

million) times smaller than the world of meters that we live in.

SPEAKING

9. Speak about 3 minutes according to the questions
1. What do wheels enable people to do?

2. How important may they be?




COMPREHENSION
10. Make up the rendering of the following text.

The future of nanotechnology: nanodream or nano-nightmare?

Engineers the world over are raving about nanotechnology. This is what sci-
entists at one of America's premier research institutions, the Los Alamos National
Laboratory, have to say: "The new concepts of nanotechnology are so broad and
pervasive, that they will influence every area of technology and science, in ways that
are surely unpredictable.... The total societal impact of nanotechnology is expected
to be greater than the combined influences that the silicon integrated circuit, medical
imaging, computer-aided engineering, and man-made polymers have had in this cen-
tury." That's a pretty amazing claim: 21st-century nanotechnology will be more im-

portant than all the greatest technologies of the 20th century put together!

Photo: These nanogears were made by attaching benzene molecules (outer white blobs) to
the outsides of carbon nanotubes (inner gray rings). Image by NASA Ames Research Center

courtesy of Internet Archive.

Nanotechnology sounds like a world of great promise, but there are contro-
versial issues too that must be considered and resolved. Some people have raised
concerns that nanoscale organisms or machines could harm human life or the envi-
ronment. One problem is that tiny particles can be extremely toxic to the human
body. No one really knows what harmful effect new nanomaterials or substances
could have. Chemical pesticides were not considered harmful when they were first

used in the early decades of the 20th century; it wasn't until the 1960s and 1970s
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that their potentially harmful effects were properly understood. Could the same
happen with nanotechnology?

The ultimate nano-nightmare, the problem of "gray goo", was first highlight-
ed by Eric Drexler. What happens if well-meaning humans create nanobots that run
riot through the biosphere, gobbling up all living things and leaving behind nothing
but a chewed-up mass of "gray goo"? Drexler later backed away from that claim.
But critics of nanotechnology still argue humans shouldn't meddle with worlds
they don't understand, but if we took that argument to its logical conclusion, we'd
have no inventions at all-no medicines, no transportation, no agriculture, and no
education—and we'd still be living in the Stone Age. The real question is whether
the promise of nanotechnology is greater than any potential risks that go with it.
And that will determine whether our nano-future becomes dream—or nightmare.

Source: http://www.explainthatstuff.com/nanotechnologyforkids.html

WRITING
11. Translate the following text into English.

HaHoTexHO0/10THH B JIEKTPOHUKE, HCKYCCTBE

C mosiBIEHNEM HOBBIX CPEJICTB HAHOMAHUITYJIUPOBAHUS BO3MOKHO CO3/IaHUC
MEXaHUYECKHUX KOMIIBIOTEPOB, CIOCOOHBIX B KyOe ¢ pebpom 100 HM dyHKIHO-
HaJIbHO TIOBTOPUTH COBPEMEHHBIH MUKpompoleccop. I[lmaHupyercs cosmaHue
HAaHOPOOOTOB pa3MepoM Bcero 1—2 MHKpPOH, OCHAIICHHBIX OOPTOBBIMH MEXaHO-
KOMIIBIOTEPAMH M KCTOYHHKAMH YHEPTHH, KOTOPhIE OyAyT MOJHOCTHIO aBTOHOMHBI
¥ CMOTYT BBITIONHSATH pa3HooOpa3Hbie GyHKIUH, BIUIOTH 10 CAMOKOTTUPOBAHHS.

My3bika, auTeparypa, OajeT, Tearp U BCE, YTO OTHOCUTCS K BBIPAKEHHUIO
TBOPUYECKOTO MOTEHIIMANa YeJIOBEKa, BCErJa CTOSJIM HECKOJIbKO OCOOHSKOM OT
HAyYHO-TEXHUUECKOTO Mporpecca. Takum 00pa3oM, MepCIeKTUBBI PA3BUTHS HAYKU
¥ TEXHUKH TaKXKe ONMpeAeNstoT myTH uckycctBa. B 2001 rony smoHckue yu€HbIe,
UCTIOJB3YS TIEPEIOBBIC Ta3EPHBIE TEXHOJIOTHH, CO3/IaIl CAMYyI0 MaJICHbKYIO B MUPE

cKkynbOTYpy. OHa m300paxaeT pa3bsAipEHHOro ObIKa, Pa3BOPAUYMBAIOLIETOCS IS
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ataku. Pazmepsl “mukpoObika” BnevyaryisaroT: 10 MKM B JUIMHY U 7 MKM B BBICOTY —
He OoJibllle, YeM Y KPAaCHBIX KPOBSIHBIX TEJEI] YEIOBEYECKON KpPOBU. YBHUAETH €ro
MO>KHO TOJIBKO B CBEPXMOUIHBIH MUKPOCKOII.

Source: Mup 3nanuu http://mirznanii.com/a/287120-4/po-teme-nanotekhnologii-v-

sovremennom-mire-4
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Text 2
Myths and realities of nano futures
PRE-READING
1. Answer the following questions.
1) What countries does "Nanotechnology cult" exist?
2) What products of Russian nanotechnology do you know?
3) What are the main tasks should be solved with the help of nanotechnology?

2. Practice reading the following words.

miniaturize [ ‘'mini(9)tforaiz |

efficient [1'fifont]

laughable [ 'la:fabl]

shrinking [ Jrikiy

robust [rou 'bast]

nanotechnology [n@natek nolodzi]
VOCABULARY

3. Study and remember the words.

miniaturization MHWHUATIOPU3ALHS

pinhead OynaBOYHAs TOJIOBKA

property CBOMCTBOCD, XapaKTEPUCTUKAK,
0COOEHHOCTh
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exploit MCIIOJIb30BaTh, KCILTyaTHPOBATh

ground-breaking HOBAaTOPCKUM

gecko TEeKKOH

enabling MO3BOJISIONINM, TAIOLIHMI
BO3MOKHOCTh, 00CCIICUNBAFOIIAI

coating 3alIUTHOE TTOKPBITHE

crude MIPUMUTHUBHBIN, HEITPOLYMAHHBIM,
CBIPOM

conservative KOHCEPBAaTUBHBIN, OCTOPOKHBIH

uncompressed HECXKaThIN

postage MMOYTOBBIN

shrinking COKpaIaIOIIHIACs,
YMEHBIIAKOITUNCS

super-fine CBEPXTOHKHIA

robust IIPOYHBIN, KPEIKUH, CUIIbHBIN

tune peryjimpoBaTth

READING

4. Read the text and answer the questions below.

Mpyths and realities of nano futures

Ever since John Dalton convinced the world of the existence of atoms in

1803, scientists have wanted to do things with them.

Micro-submarine in an artery, Science Library image. Machines in the blood: Still science

fiction
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Nanotechnology takes that ability on to a new plane and opens up all kinds
of futuristic imaginings. Essentially, nanotech is manipulation at the molecular
scale — distances that may cover just a few millionths of a millimetre. But its po-
tential is not just about being able to miniaturize things. Indeed, scientists and en-
gineers recognize that there are fundamental limits to pure miniaturization. Work-
ing at a scale a million times smaller than a pinhead allows researchers to "tune"
material properties, making them behave in different ways to normal, large-scale
solids. This behaviour can be exploited in quite ground-breaking ways.

Nature has been doing nanotechnology for a long time, and it has become
expert in it. Consider the super-fine hairs on a gecko's feet which allow it to stick

to walls and even hang upside down on a glass sheet.

How nanotechnology is building the future from the bottom up

Learning from nature, nanotechnology promises humans ways of making
systems that are smaller, lighter, stronger, more efficient, but cheaper to produce.

"Nanotechnology is not a technology in its own right", explained Professor
Mark Welland, head of the University of Cambridge Nanoscale Science Laborato-
ry. "It is an enabling technology, so it will appear in many different products. "It is
already appearing in flash memory, computer chips, and it will increasingly be an
enabling technology in other products like coatings, new types of sensors, especial-
ly in the medical area".

It is expected to transform the performance of materials, like polymers, elec-
tronics, paints, batteries, sensors, fuel cells, solar cells, coatings, computers and
display systems. In five years' time, batteries that only last three days will be
laughable, said Professor Welland. Similarly, in 10 years' time, the way medical

testing is done now will be considered crude. To say that in five years, an iPod will
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have 10 times its current storage capacity will be conservative, he said. In the not-
so-distant future, a terabit of data — equivalent to 10 hours of fine quality uncom-
pressed video — will be stored on an area the size of a postage stamp. Clearly, the
devices themselves will not be nano-sized. But nanotechnology will play its part in
shrinking components, and making them work together a lot more efficiently.

Although nano-devices can be built atom by atom, it is not realistic as a
manufacturing option because it is slow and expensive, thinks Professor John
Ryan, head of the Bionanotechnology Centre at Oxford University.

"One of the major scientific challenges in the years ahead is to understand
the fundamental biological principles and apply them to produce new types of nan-
otechnology", he said. "Armed with these design rules it may then be possible to
make new types of nano-device using materials that are more robust than bio-
materials".

Source: Jo Twist BBC News Online science and technology staff
http.//news.bbc.co.uk/2/hi/science/nature/3920685.stm#graphic

QUESTIONS:

. What is a potential of nanotechnology?

. What do researches allow to do with the help of miniaturization?
. What does nanotechnology promise people?

. Where is nanotechnology already appearing?

. What materials will be transformed due to nanotechnology?

. What is not realistic by Professor John Ryan’s opinion?

~N N B W N

. What is the main scientific tasks in the future?

VOCABULARY WORK

5. Translate these sentences into Russian in written form.

Material changes
1) Industrial giants like GE are heavily involved in developing nanotechnology.
2) "We think that the biggest breakthroughs in nanotechnology are going to be in
the new materials that are developed", said Troy Kirkpatrick at GE Global Re-
search.
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3) These include corrosion-resistant coatings to make hydro-electric turbines more
efficient in heavily-silted waters, and nano-membrane water filters to make for
faster filtration.

4) GE is also studying the properties of nano-ceramics, which can offer extreme
strength, while still being lightweight.

5) Because of the molecular structure of such materials, nano-ceramic coatings on
aircraft could make them 10 % more efficient, so less energy is used, producing
fewer emissions.

6) GE Global Research is also looking to the electronics industry.

7) "If you look at the chip makers of the world, the challenge they have is not to
figure out how to make them faster.

8) "The problem is they run so fast, the chips generate too much heat and melt.
They need better materials for heat management", said Mr Kirkpatrick.

9) Using materials which exploit properties of nanoparticles, GE has developed
chip adhesives that can transfer heat out of the processor system more efficiently.
10) "It is a start, and it is to show nanotechnology is finding its way into production
and is changing the way we are doing science", said Mr Kirkpatrick.

Source: Jo Twist BBC News Online science and technology staff
http.//news.bbc.co.uk/2/hi/science/nature/3920685.stm#graphic

6. Fill in the gaps with suitable verb forms and translate the text.

Range of impacts
enable  to improve could is exploit offers were superseded
said  are arranged provide lead  change
Nano-materials unusual electrical, optical and other properties because
of the very precise way in which their atoms . This means fabrics
could colour electronically. Exposing an army uniform to ultra-violet
light activate changes without undressing. But it is in medicine that
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nanotechnology
Ryan.
"Nanomedicine will earlier and
combine earlier and more precisely targeted

of individualised therapy

the most remarkable advances, according to Professor

better diagnostics and treatment will

drug delivery", he said. The possibility

also on the horizon. Nanotechnology in the

form of flexible films containing miniaturised electrodes is expected

the performance of retinal, cochlear and neural implants. And it could

the miniaturisation of medical diagnostic and sensing tools,

to

Professor

Ryan, which could drive down costs of such kits for developing countries. In this

respect, nanotechnology could
technologies, in the way that copper wire a

mobile phones.

7. Match nano uses with their definitions.

developing nations to leapfrog older

nd optical fibre telephony

1. Various optical components

2. Chips that contain movies with more
than 1,000 hours of playing time

3. Printable electronic circuits

4. New forms of computer memory

5. PCs with the power of today's comput-
er centres

6. Solar energy collection (photovoltaics)
7. Direct hydrogen production

8. Replacements for human tissues and
organs

9. Composites containing nanotubes

10. Glues, paints and lubricants

11. Lightweight plastic windows with

hard transparent protective layers

A. MeauuuHCKHE HArHOCTUYECKUE
WHCTPYMEHTHI U JaTYUKU

B. Komnekuus COJHEYHOM 3HEpPruu
(dboToBONIBTAMKA)

C. [IpssmMoe nmpou3BOACTBO BOAOPOAA
D. I'nbxue TexHONIOTHU O0TOOpaKEHUS
U DJIEKTpOHHAs Oymara

E. KomnosuTsl, coaepxaiiue HaHO-
TpyOKH

F. Knen, kpacku u cma3ku

G. Hosble (opMBI KOMIBIOTEPHON
naMsATH

H. [leuaTHsble 2IEKTPOHHBIE CXEMBI

I. PaznuuHble ONTHYECKU KOMIIOHEH-

ThI
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12. Cheap hydrogen storage possibilities | J. MuHHaTIOpHBIE CUCTEMBI XpaHCHHUS
for a regenerative energy economy JaHHBIX C BO3MOXKHOCTSIMH, CpaBHU-
13. Flexible display technologies and e- | MbIMu ¢ 3anacaMu 1eJIbIX OMOJIUOTEK
paper K. KoMmbroteppl ¢ MOHIBIO COBpe-
14. Miniaturised data storage systems | MEHHBIX KOMITBIOTEPHBIX IICHTPOB
with capacities comparable to whole li- | L. Yunbl, koTopsie comepxaT (puiib-
braries' stocks MbI ¢ Oosiee yem 1000 yacoB UTPOBOTO
15. Medical diagnostic tools and sensors | BpeMeHH

M. 3aMeHna TKaHed M OPraHOB YEJO-
BEKa

N. /lewmeBbie BO3MOXKXHOCTA XpaHEHUS
BOJIOpOJia JUIsl pereHepaTUBHOM HKO-
HOMHHU YHEPTUH

O. Jlerkme mIaCTUKOBBIE OKHa C
KECTKUMH MPO3PAYHBIMU AU THHIMU

CJIOSIMU

8. Do you consider nano uses from exercise 7 short-term or long-term nano

uses? Put them in the right column.

SOME SHORT-TERM NANO USES vs SOME LONGER-TERM NANO USES

9. Put prepositions and conjunctions into the gaps and translate the text into
Russian.
Uncertainties and worries
for (2), in, if, to (2), of (2), but.
Whatever nanotechnology does the future, it will be an evolution-
ary process. One certainty is that there remains a plethora of uncertainties
the emerging field nanotechnology.
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"Medical sensing is very attractive everybody, but there could be a
downside," explained Professor Welland ".  medical sensors become ubiqui-
tous, our physical state could be monitored 24 hours a day, and if someone hacked
into that data, there could be concerns." Which is indeed why regulation has to be
addressed, must not stifle nanotechnology's potential.

"One of the important things  me is that it ultimately means the most

efficient use of materials and processes, which means it does not have to benefit

just the G8 nations", argued Professor Welland. "These sorts materials, if
they are able to do their job using less energy, should be available every-
body".

Source: Jo Twist BBC News Online science and technology staff
http.//news.bbc.co.uk/2/hi/science/nature/3920685.stm#graphic

10. Match the sentences with the picture.

1 — Nano-engineered cochlear implant

2 — Nano-particle paint to prevent corrosion

3 — Thermo-chromic glass to regulate light

4 — Photovoltaic film that converts light into electricity

5 — Organic Light Emitting Diodes (OLEDs) for displays

6 — Fabrics coated to resist stains and control temperature

7 — Carbon nanotube fuel cells to power electronics and vehicles
8 — Bucky-tubeframe is light but very strong

9 — Scratch-proof coated windows that clean themselves with UV
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10 — Intelligent clothing measures pulse and respiration
11 — Hipjoint made from biocompatible materials

12 — Magnetic layers for compact data memory

COMPREHENSION
11. Make up the rendering of the following text.

Future fears

Proponents say misconceptions and misrepresentation of nanotechnology's
potential have fuelled many dystopian scenarios. Some are frightening, others are
impossible. The Royal Society and the Royal Academy of Engineering has looked at
current and future developments in nanotechnology and has reported on whether it
will require new controls. It is hoped that the report grounds some unrealistic scenar-
i0s, while recognising that real concerns need to be addressed with regulation.

"The one fantastical idea that has dogged nanotechnology is the self-
replicating machine, the 'grey goo', scenario", said Professor Welland. "That is
simply too far off. I think anyone who is worrying about self-replicating machines
should not be looking at nanotechnology for that. "The complexity of designing a
molecular machine is bad enough, but if you try to imbue that with self-replication,
you could not even put a toe in the water to design it".

The scenario sees swarms of self-replicating robots, smaller than viruses,
multiplying uncontrollably and devouring Earth. Eric Drexler, who many consider
to be a "father of nanotechnology", has distanced himself from the idea, saying
such self-replicating nanomachines are unlikely to be widespread. Similarly, fears
over "green goo", the concern that self-replicating, nano-sized biological particles
will move into human bodies and do unpredictable things, is scaremongering,
thinks Professor Welland.

Professor Ryan agrees: "These science fiction scenarios have not only di-
verted attention away from the real advantages of nanotechnology, but also from

issues that do raise concern". Inhaled nanoparticles found in the bloodstream which
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have dispersed throughout the brain is a concern, he says. Whether this poses a
health risk is not known. "If you look around at the moment in a big city, a signifi-
cant proportion of material that you breathe in is already particulates — and a pro-
portion of that is nano-sized, like diesel emissions", said Professor Welland.
Source: Jo Twist BBC News Online science and technology staff
http://news.bbc.co.uk/2/hi/science/nature/3920685.stm#graphic

SPEAKING

12. Give your ideas on the following topics. How will it affect our lives?
1) Nanotechnologies in medicine in 50 years;

2) Nanotechnologies in space in 30 years;

3) Nanotechnologies in computer science in 20 years.

And comment the ideas of your groupmates.

Useful phrases




WRITING
13. Translate the following text into English.

MoJieKyJIIpHBI KOMIBbIOTEP (HAHOKOMIIBIOTEP) — 3TO BBIYMCIUTEIBHOE
YCTPOMCTBO Pa3MepOM HECKOJIBKO HAaHOMETPOB. JIOCTHIKEHHS COBPEMEHHBIX HH-
(OpMaILMOHHBIX TEXHOJOTMH U OYEBHJIHAS HEU30EKHOCTh MOSBICHUS B OJMKaii-
nieM OyAyIleM IPUHIUMIUATBHO HOBBIX Pa3pa0dOTOK MOPOM TECHO IMEPEIIeTatTCs
CO BUEpaIIHeil paHTaCTUKOM.

[IpencraBbTe cebe TPaH3UCTOP, COCTOSIIIMM BCETO U3 OAHOW MOJIeKyJbl. Ec-
I U3 MWUIMAapAa TaKUX TPAH3UCTOPOB IOCTPOUTH Ipoleccop — OH OyAeT He
Oonble necyuHku. [Ipu 3TOM €ro npous3BOAUTENBHOCTh BO3PACTET B COTHU WIIU
JlaKe ThICAYM Pa3 M0 CPABHEHUIO C COBPEMEHHBIMU KOMITbIOTEPAMH.

MosnekysipHble TPOLECCOPhl MOKHO Oy/IeT BCTpauBaTh B JIOObIE, AaXKe ca-
MBbIE€ KPOIIEYHBIE YCTPONCTBA, BHEAPATH UX B BOJIOKHA TKAaHHU, MPEBpaIas OACKIY
B HaJeBaeMblil KoMmmbioTep. "MonekyspHble O10ku mamsaTu" obecredar IioT-
HOCTb XPaHEHUs JaHHBIX, HEMBICIUMYIO JUISl IOJYIPOBOJHUKOBBIX MUKPOCXEM.

OCHOBHBIE KOMIIOHEHTBI MOJIEKYJIIPHOTO KOMITBIOTEPA JIOJKHBI OBITH TEMU
K€, UTO U Y OOBIYHOIO KOMITBIOTEpA: CHCTEMa BBOJa MH(OPMALIUU, BHIYUCIUTEIb-
HBIH OJIOK (TIpolieccop), cucremMa XpaHeHuss MHpopMaruu (maMsTh) ¥, HAKOHEII,
cucreMa BbiBoja nHpopMmaruu. Hy 1, koHeuyHO, IpoBO/Aa 1 OJIOK MUTAHUS.

Source: Pandia « Hanomexnonoz2uu u MoaexyisipHvie KOMNbIOMEPbLY

http://pandia.ru/text/78/380/829.php
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Text 3

Nanoengineered bioinks for 3D printing

PRE-READING

1. Answer the following questions.

1) What is the main goal and the most priority task of nanotechnology (the broad

opportunities for their application in medicine, chemistry, physics or something)?

2) When will nanotechnology products become available to ordinary consumers?

3) What nano products will be the first on the market?

2. Practice reading the following words.

self-sustaining

[ selfsa’stenin]

design [d1'zamn]
strengthening [ 'strenOnin]
nanocomposite [neeno kompazit]

1onic-covalent

[a1 onik kov veilont]

entanglement [In'tenglmant]
nanoengineered [ nonov end3r niad]
thinning [ Omiy]

synergistic [smo dzistik]
resilient [r1’ z1l1ont]
embedded [1m "bedid]
expertise [eksp3: 'ti:z]
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VOCABULARY

3. Study and remember the words.

self-sustaining

CaMOIIOJICPKUBAIOIIUI

strengthening

YCUJIMBAKOLIMICS, YKPETUISIIOIIANCS

nanocomposite

HAHOKOMIIO3UTHBINA

1onic-covalent

HOHHO-KOBAJICHTHBIN

entanglement NepenIeTCHUE, IICPEIyThIBAHUEC
nanoengineered HAaHOTEXHUYECKUI
concentrations IJIOTHOCTH pacrpeeieHus
bioinks OuouepHua

boost UMITYJIBC, TOTYOK

replicate BOCCO3/1aBaTh, UMUTHUPOBATh
fabricating U3TOTOBJIEHUE

cell-laden 3aIlOJIHEHHBIN KJIETKaMU
scaffold KapKac

fidelity TOYHOCTH BOCITPOU3BEACHUS

to reinforce

YCHIINTD, ITOJAKPCIIUTh

nanosilicates

HaHOCHUJIMKAT

shear thinning

HCTOHYCHUC CABHUI'a

synergistic B3aMMOYCHUJIUBAOITU N

dually JIBOMICTBEHHO, Pa3/IBOCHHO

blend CMEIINBATh

crosslinked CIIUTBIH

conventional OOIICTIPUHSATHIN, TPATUITHOHHBIHI
density IJIOTHOCTH

resilient YIPYTUM, dJTACTUYHBIN, THOKUT
embedded BCTPOCHHBIN, UHTETPUPOBAHHBIN
stiffness IJIOTHOCTh, YCTOMYUBOCTD

custom CICTIaHHBIN Ha 3aKa3, OPUTHHAIBHBIN
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READING

4. Read the text and answer the questions below.

Nanoengineered bioinks for 3D printing

Imagine being able to print out healthy tissue with just a sample of a pa-
tient's own cells. While printed replacement human body parts might seem like
science fiction, the use of 3D printing technologies for medical applications is a
relatively new but rapidly expanding research field, although still quite a way from
clinical application for treating patients.

Currently, two of the biggest problems facing three-dimensional (3D) bi-
oprinting are that bioinks — a jelly-like substance consisting mostly of water — don't
print with anywhere near the performance of other 3D printed materials; and they
aren't strong enough at cell-friendly concentrations. In other words, currently
available bioinks cannot 3D print self-sustaining anatomic-size structures contain-
ing live cells.

Another major challenge that bioinks present is their complexity. It's clear
that simple polymer solutions that were initially tried are not meeting all of the re-
quirements of bioinks, so more and more researchers are looking into state-of-the-
art material science techniques to give bioinks a boost. It looks like 3D bioprinting
is developing into a very multidisciplinary field that is going to require scientists to
become knowledgeable outside their main field, including biology as well as mate-
rials science and chemistry, in order to develop advances.

However, not all tissue engineering labs have the necessary chemistry and
materials science expertise and support to replicate the more complex designs that
are coming out, which is part of the reason why researchers at Texas A&M Uni-
versity stuck to inexpensive and widely available ingredients to create a novel bio-
ink. To overcome the limitations of existing bioinks, they report the development
of a highly printable bioink for fabricating large scale, cell-laden, bioactive scaf-

folds.
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"We have achieved these improvements through a novel bioink strengthen-
ing strategy that combines nanocomposite reinforcement with ionic-covalent en-
tanglement (ICE) to create a bioactive nanoengineered ionic-covalent entangle-
ment (NICE) bioink with excellent printability, mechanical properties, and shape
fidelity", Akhilesh K. Gaharwar, an Assistant Professor at Texas A&M University,

tells Nanowerk.

% Nanosilicate stabilizes
v ionically crosslinked network

Nanaosilicates reinforces
covalently crosslinked GelMA

lonic-covalent enrarigfement
(kCA/GelMA)

(Image: Inspired Nanomaterials and Tissue Engineering (iNanoTE) Lab, Texas A&M
University)

The NICE bioinks use nanosilicates to reinforce an ionic-covalent entangle-
ment hydrogel made from GelMA and «CA, creating a dually reinforced hydrogel
network. These interactions allow the NICE bioink to behave as a solid at low
shear stresses and improve shear thinning characteristics during bioprinting. After
cross-linking, ICE and nanosilicate reinforcement synergistically improve mechan-
ical strength. The core finding of this work is that it is possible to combine two
very different hydrogel reinforcement techniques to obtain synergistic reinforce-
ment and improved printability without sacrificing the cell-friendly nature of the
hydrogel.

While nanocomposite reinforcements and dual crosslinked polymer blends
(ICEs) have both been investigated separately for improving mechanical properties
of hydrogels, they have never been applied simultaneously to a bioink for tissue

engineering or bioprinting applications.
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And it turns out that the combination (NICE) is even more effective than the
sum of its individual parts. From a mechanical perspective, this is notable because
conventional bioinks had to increase crosslinking density to gain mechanical

strength, to a point that that was damaging to cell in the ink.

In contrast, the unique characteristics of the NICE bioink is its ability to 3D
print larger, taller tissue structures that are tough and resilient, while keeping the
embedded cells alive during the printing process. The high structural fidelity and
mechanical stiffness of the bioprinted structures using NICE bioinks could be used
as custom implants. In addition, 3D bioprinted structures from NICE bioink can be

used to understand cancer progression as well as drug testing.

Source: Michael Berger —https://www.nanowerk.com/spotlight/spotid=49747.php

QUESTIONS:

1. What is expanding research field?

2. Name problems of (3D) bioprinting.

3. What are researchers looking into?

4. What knowledge are scientists required to know in order to develop advances?

5. What do they report to overcome the limitations of existing bioinks?

6. What allows the NICE bioink to behave as a solid?

7. Why 1is it possible to improve printability and to obtain synergistic reinforce-
ment?

8. What is the main feature of the NICE bioink?
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VOCABULARY WORK

5. Match pictures with their descriptions.

1) The cross-linked structures are stiff and elastomeric, and can support more than
50-times their own weight.

2) The 3D printed structures from NICE bioink have high structural fidelity.

3) The encapsulated cells aligning parallel to 3D printed NICE scaffold structures
after 30 days in culture and show high survival rates.

4) The NICE bioinks print freestanding hydrogel structures with a high aspect-
ratios and high print fidelity.
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6. Put the verbs into right place using Past Simple, Past Continuous or Pre-

sent Simple.

be (2x) make note work Sflow ask start
"As a nanomaterials lab, we already with nanoengineered hy-
drogels, so we ourselves if there anything more we could do to
improve strength even further", Gaharwar. "That when we

experimenting with combining nanoparticles reinforcement into ionic-
covalent entanglement hydrogels". The group's earlier work has already shown that
nanosilicates can improve hydrogel printing because they are shear-thinning,
which inks more smoothly. These nanosilicates are disc-

shaped, mineral nanoparticles 30-50 nm in diameter and about 1 nm thick.

7. Translate these sentences into Russian in written form.

1) Nanosilicate interactions can improve stiffness, elasticity, adhesiveness viscoe-
lastic modulus, and cell adhesion in some hydrogels, and imbue hydrogel solutions
with complex fluid behavior that can improve bioprintability.

2) Furthermore, Laponite nanosilicates have shown broad biocompatibility in vivo
and in vitro, and are used extensively in cosmetics and toothpastes as well as in
drug delivery and tissue engineering.

3) The team is now moving on to testing their bioink in animals to obtain a much
clearer picture of how NICE bioinks interact with living tissue.

4) We will be able answer questions on how quickly cells from adjoining tissue can
infiltrate within the bioprinted structure.

5) While all of the materials in this NICE formulation are biocompatible, we need
to evaluate how this specific formulation interacts with the body to be able to fine-
tune degradation rate in order to maximize tissue regeneration.

6) As the scientists gain data from animal experiments they will be able to create

specific compositions for regenerating different tissue types.
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7) This will include customizing the amounts of different components in order to
match target mechanical properties and incorporating drug and biomarker delivery
into the structures to better control cell behavior.

8) There are some challenges, though. For one, covalent crosslinking in bioinks is
most often done using photoinitiators and UV light.

9) This setup has been streamlined to require only a small application of UV-A
(365nm) light and most reported research has not shown any obvious effects on
cells.

10) Nevertheless, it is a concern that UV light might still be damaging cells in mi-

nor ways, so there is certainly a need to find safer photoinitiators for bioinks.

8. Put the words into the gaps changing them by adding suffixes or prefixes.
For the ink itself, its thermosensitivity, which is crucial
to its , can be a challenge to work with, as PRINT
the ink must be kept above room temperature LIGHT

during printing. It took the team some doing to find a

way to keep the ink from gelling in the print- RELY
er tip and causing clogs. They are currently new DESIGN
printer tips that make this much to manage. SIMPLE

"We are hoping that our work can be used as a spring-

board for who want to develop their own RESEARCH
accurate 3D of human tissue parts," con- CONSTRUCTION
cludes Gaharwar. "Accurate and cell-friendly structures

can be used in a wide range of research, in- BIOMEDICINE
cluding tissue engineering as well as drug design, dis-

ease progression, and cancer therapy."

9. Guess the answers in the Quiz.
1) Chips are created, forming a relief:

—on a gold plate;
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— on a silicon plate;

—on a wooden plate.

2) How many nonautomobiles can be placed in the parking lot with an area of one
square millimeter?

— five;

— thousand;

— ten billion.

3) What does “nanobioreactor” stand for:

— plant;

— dolphin;

— bacteria or virus.

4) What is the name of the device for assembling nanomechanisms?
— disassembler;

— assembler;

— icosahedron.

5) With the help of nanobiotechnology medicines can be made:

— specifically for each person, given the characteristics of his body;
— one cure for all diseases for all people;

— in the era of nanotechnology people will not need any medicines.
6) What is the name of the metal that protects itself from heat?

— sweating the metal;

— freezing metal;

— protecting metal.

7) Nanoparticles of what metal effectively compete with bacteria and viruses?
— iron;

— silver;

— aluminum.
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COMPREHENSION
10. Make up the rendering of the following text.

Solar Cells: New technology for cheap crystalline silicon
fabrication from Russian scientists

Dramatic oil prices increase that we watched in 2008 called for alternative
competing energy sources. One of them is sustainable solar energy, which in most
applications is being converted to electricity using silicon photovoltaic modules.
Polycrystalline silicon is a key component of solar panel construction. The photo-
voltaic solar industry is growing rapidly but is likely going to be very limited due
to severe shortages and allocations of the polysilicon material. Currently, there are
only twelve production plants for solar grade polysilicon in the world. It causes
scarcity of materials for solar panels and due to that the prices for polysilicon and
monosilicon scrap quickly increase.

The hydrogen pyrolysis of SIHCI3 is currently widely used to produce pol-
ysilicon. It is a very energy consuming chemical process and has low efficiency.
The utilization of SiCl4 as a raw material to produce polysilicon could decrease the
effectiveness of the process even lower. In addition the latter process runs in a very
aggressive environment under very high temperature, which spoils purity of pol-
ysilicon. Obviously there is a need in a new highly efficient, energy saving and en-
vironmentally clean pure polysilicon production technology.

Actually we even propose to replace the one large chamber for chemical re-
action by a group of smaller reactors, having mutual gas delivery and evacuation
system and united computerized management and power supply system. Thus, one
crystal of the polysilicon will be grown in the reactor based on 1 kW magnetron
(sometimes it could be a group of silicon particles). It would allow using the power
in a more rational way. It will be safer also.

Source: Eugene Birger. Principal Analyst. NanoNewsNet.ru
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SPEAKING
11. In pairs, make your own NanoQuiz. Find 10 most interesting facts about

nanotechnologies, present your quiz in class.

WRITING
12. Translate the following text into English.

Kommnanus «Planetary Resourcesy yxe 03By4mIia miansl o J00b4€ acTepo-
UJI0B IS TTONIOJIHEHUS PECYPCOB BOJIbI U JiparoueHHbix MetamioB, a HACA pa6o-
Taet Haj nporpammamu 3D nedaTtu, KOTOpble OyAYT MPUMEHEHBI B UCOJIb30BAHUU
KOCMUYECKHX pecypcoB. B kakoi-to MoMeHT Mapc OylieT KOJIOHU3UPOBAH U TEp-
padopMUpPOBaH C MOMOINILI0 MUJUIMAPAOB AKOPOOOTOB, co3Aaromux armocdepy,
BIAXXHOCTh M ynoOpenus. OTnanéHHble TUIAHETHI, TaK KaK HaM HY>XHO OyJAeT mo-
CTOSIHHO TTpeoOpa3oBbiBatTh sHepruto ConHila.

HaHoTexHonorus sBisSeTCs KIOYOM K pelIeHur0 3Toro Bompoca. Korma
KOCMHYECKHIA KOpalJib Oy IyT cOOMpaTh MAIIUHBI, @ HE JIIOJIH, U3 ChIPhs, JOOBITOTO
B KOCMOCE, TOTJIa 3TH 7K€ MAIIMHbI CMOT'YT IIOCTPOUTh O4€Hb 0JIM3KO K COJHILY TH-
TaHTCKWE COJTHEUHBIE yJIaBIMBATENIN, KOTOPBIC OyAYyT HAMPABISATh SHEPTHIO. DHEP-
TSl — 3TO 0JIArOCOCTOSIHUE, KOTOPOE MOYXHO MPEBPAIATh B PECYPChl WU PACXO0-
BaTh Ha pecypchl. [locpeacTBoM Takoil 3Hepruu OyAyLIEro MOXHO Oyner u30e-
&KaTh cMepTH. B Oynymiem nosBsitcs HanedaTanHbie 3D kubepHeTHYECKHUe yCTPOii-
CTBa Haps/ly C HameyaTaHHbBIMU OpPraHamMHu, U HAHOTEXHOJIOTHS CMOXKET 3Hauu-
TEJIbHO YBEIUYUTH MPOJIOHKUTEIBHOCTD KU3HU, KOHTPOJIUPYS U BIUSS HA 310PO-
BbE B peaJIbHOM BPEMEHHM C IMOMOIIbIO pOOOTOB 37J0pOBbs B KPOBOTOKE. Kak ToJIb-
KO HEpBHasl CHUCTEMa YelloBeKa Oy/JeT CMHTE3MpPOBaHA, Mbl OKa)XeMCsl Ha 1iar 0Jiu-
e K MPEKPaIICHUIO0 CYIIECTBOBAHUS HAIMUX (DU3UYECKUX TEJI U CBOOOTHOMY Iie-
PEMEILEHUIO HAILIETO CO3HAHUS B BUPTYaJIbHbIE peasibHOCTH. [10 ciioBamM M3BECTHO-
ro ¢yryponora Pas Kyprseiina: «Bsl cMoxkeTe XUTh JOCTATOYHO JOJTO, YTOOBI
KUTb BEUHO.

Source: Teopus nHanomexHoi02UU O NeUAMAHUU BEYHOCTIU

http.//3dpmake.com/post/1-nano-tech
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Text 4
Mind the gap — nanotechnology robotics vision versus lab reality
PRE-READING
1. Answer the following questions.
1) Nanotechnology is young and little known science, what are the benefits and
dangers for humans and for all mankind?

2) Is the emergence of fundamentally new types of weapons based on these tech-

nologies possible?

2. Practice reading the following words.

realm [relm]
nanoactuators [nena’ ektjuerto]
mundane [ mandein]
actuation [kl erfn]
spatial [ 'sperfal]
quintessential [kwintr'sen/al]
comparable [ ' komporabl]
synthesis [ smOisis]
shrinking [ [rmkin]
piezoelectrics [parozova ' lektriks]
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VOCABULARY

3. Study and remember the words.

realm cdepa, obsacThb

nanofabrication HaHOMNPOHU3BOJICTBO

nanoactuators HaHOIIPHUBO/I, UCIIOJIHUTEIbHOE
HaHOYCTPOUCTBO

holy grail idiom 3aBeTHas MeuTa

assembler cOOPOYHO-MOHTAKHOE YCTPOMCTBO

self-replication CaMOPETIPOTYKITHS

mundane IIOBCEIHEBHBIN, PYTUHHBIN,
Oy THUYHBIN

actuation cpabaTbIBaHUE, 3alyCK, BKJIIOYECHHE,
IIPUBEJICHUE B JCHCTBUE

spatial MPOCTPAHCTBEHHbIN

quintessential HauOoJiee CyIeCTBEHHbBIN

inorganic HEOPraHUYECKOE COCTMHEHUE

due to Omaromapsi, C TOMOIIbIO, O00YCJIOB-
JICHHBIN YeM-J1.

comparable COTIOCTaBUMBbI, CPABHUMBIH,
COU3MEPUMBIN

array 00JIbIII0€ KOJTUYECTBO, LEIIBINA PsiT

synthesis 00o01IeHne

linear JUHEUHBIN

tradeoff BBIOOD ONTUMAJIBHOTO COOTHOIIEHUS

relatively OTHOCHUTEJIBHO, JIOBOJIBHO

shrinking COKPAILAIOIIHUICS, YMEHbIIAIOIUNCS

piezoelectrics MbE30KEPAMHKA
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READING

4. Read the text and answer the questions below.

Mind the gap — nanotechnology robotics vision versus lab reality

Science fiction style robots like Star Wars' R2-D2 or the NS-5 model in I,
Robot firmly belong into the realm of Hollywood — and so do "nanobots" a la Mi-
chael Crichton's Prey. Staying with both feet firmly on scientific ground, robotics
can be defined as the theory and application of robots, a completely self-contained
electronic, electric, or mechanical device, to such activities as manufacturing.
Scale that robot down to a few billionth of a meter and you are talking nanotech-
nology robotics; nanorobotics in short.

The field of nanorobotics brings together several disciplines, including
nanofabrication processes used for producing nanoscale robots, nanoactuators, na-
nosensors, and physical modeling at nanoscales. Nanorobotic manipulation tech-
nologies, including the assembly of nanometer-sized parts, the manipulation of
biological cells or molecules, and the types of robots used to perform these tasks
also form a component of nanorobotics.

Nanorobotics might one day even lead to the holy grail of nanotechnology
where automated and self-contained molecular assemblers not only are capable of
building complex molecules but build copies of themselves — "self-replication" —
or even complete everyday products.

Whether this will ever happen is hotly debated — to understand where both
sides stand, read the famous 2003 debate where Drexler and Smalley make the
case for and against molecular assemblers. Today's nanorobotics research deals
with more mundane issues such as how to build nanoscale motors and simple na-
nomanipulators.

Nanotechnology robots are quintessential NEMS (nanoelectromechanical
systems) and raise all the important issues that must be addressed in NEMS design:
sensing, actuation, control, communications, power, and interfacing across spatial
scales and between organic and inorganic materials. Due to their size, comparable
to biological cells, nanorobots have a vast array of potential applications in fields

such as environmental monitoring or medicine.
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"Ultimately, one of the most important applications of nanorobotic manipu-
lation will be nanorobotic assembly" Bradley J. Nelson explains to Nanowerk.
"However, it appears that until assemblers capable of replication can be built, the
parallelism of chemical synthesis and self-assembly are necessary when starting
from atoms".

Actuation at the nanoscale

The positioning of nanorobots and nanorobotic manipulators depends largely
on nanoactuators, i.e. nanoscale devices that create mechanical motion by convert-
ing various forms of energy to rotating or linear mechanical energy.

"During the design of an actuator, the tradeoffs among range of motion, force,
speed (actuation frequency), power consumption, control accuracy, system reliability,
robustness, load capacity, etc. must be taken into consideration" says Nelson.

While nano-sized actuators for nanorobots are still under exploration and
relatively far from implementation, microelectromechanical system (MEMS)-
based efforts are focused on shrinking their sizes. The various nanoactuation prin-
ciples include electrostatics, electromagnetics and piezoelectrics.

Source: Michael Berger https://www.nanowerk.com/spotlight/spotid=1730.php

QUESTIONS:

. What disciplines does nanorobotics bring together?

. What nanofabrication processes used for?

. What do nanorobotic manipulation technologies include?

. What automated and self-contained molecular assemblers are capable of?
. What mundane issues does nanorobotics research deal with?

. In what field do nanorobots have a great potential applications?

. Why are the parallelism of chemical synthesis and self-assembly necessary?

R 9 N U B~ WD =

. What does the positioning of nanorobots and nanorobotic manipulators depend
on?
9. What must be taken into consideration during the design of an actuator?

10. What do the various nanoactuation principles include?
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5. Translate these sentences into Russian in written form.

Nanorobotic manipulation systems
1) With the invention of the scanning tunneling microscope in 1981 at the IBM re-
search laboratory in Zurich, Switzerland, began the development of a series of
scanning probe microscopes (SPM).
2) They are based on different physical principles, that allowed scientists not only
to look at nanoscale objects but also to touch and manipulate them.
3) Atomic Force Microscopes, Scanning Tunnelling Microscopes as well as other
SPMs and optical and magnetic tweezers are now used extensively for positional
and/or force control at the nanoscale. This process is called nanomanipulation.
4) A nanomanipulation system generally includes nanomanipulators as the posi-
tioning device, microscopes as 'eyes', various end-effectors including probes and
tweezers among others as its 'fingers', and types of sensors (force, displacement,
tactile, strain, etc.)
5) All of these help to facilitate the manipulation and/or to determine the properties
of the objects.
6) Example of a nanorobotic manipulator that features up to four positioners that
grasp, move, test, and optimally position micro- and nanoscale samples with four
axes of movement.
7) Three basic types of nanomanipulation processes are performed: Lateral non-
contact nanomanipulation (sliding); lateral contact nanomanipulation (push-
ing/pulling); and vertical nanomanipulation (picking and placing).
8) The choice of which process to use is dependent on the environment (air, liquid,

vacuum), the properties and size of the objects and the observation methods.
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6. Match these phrases with the translation.
1) Nanorobotic manipulation;

2) master—slave control;

3) quartz substrates;

4) nanoscale resolution;

5) production-oriented technique;
6) controlled nanoassembly;

7) mesoscopic physics;

8) promising strategy;

9) genuine benefits;

10) carbon nanotubes;

11) accurate actuators;

12) directed self-assembly.

A) PeanbHas BbITO/a;

B) nanopoOoToTexHHueckas 00padboTKa;

C) TOYHBII 3JIEKTPOBOCIUIAMEHHUTEND (AKTYyaTop);

D) xonTponupyemas HaHOcOOpKa (HaHOYy3el);
E) kBapueBas MOMJIOXKKA;

F) nanomeTpoBo€ pa3pelicHuE;

G) xomupyoliee yrnpaBieHUE;

H) mepcnextuBHas cTparerus;

[) yranepoanas HaHOTPYOKa;

J) Me3ockonuueckas pu3MKa;

K) nampaBnennas camocOopka;

L) Meroxa HampaBi€eHHBIN Ha MPOU3BOJICTBO.
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7. Put the phrases from exercise 6 into the gaps of text.

Nanorobotic assembly

anomanipulation is a or nanoassem says Nelson.
"N lat fi bly" says Nel

"Key techniques for nanoassembly include the structuring and characterization of
nano building blocks, the positioning and orientation control of the building blocks

with , and effective connection techniques". A

requires two basic abilities: to anchor a nanoscale structure in a defined
location, preferably without anchoring every molecule, and to assemble and chem-
ically couple molecules between anchor points in three dimensions with full posi-
tion and orientation controls.

One example for effective 3-D is the structuring and assem-

bly of into nanodevices. Nelson cautions that, "at present na-

nomanipulation is still performed in a serial manner with ,

which is not a large-scale . Nevertheless, with advances in
the exploration of , better control of the synthesis of nano-
tubes, more , and effective tools for manipulation, high-speed

and automatic nanoassembly will be possible".
"Many in the field believe that one future for nanotubes will be as digital electro-
mechanical logic elements in future computers" says Nelson. "There are

over silicon, but there is a lot of work to do to get there. Our

recently published work on batch fabrication of carbon nanotube bearings using

dielectrophoretic is one possible avenue, but there are other

promising approaches, such as John Rogers' work at the University of Illinois at

Urbana-Champaign on growing CNTs on . It 1s certainly an

exciting time to be working in this field".

Source: Michael Berger https://www.nanowerk.com/spotlight/spotid=1730.php
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8. Translate the sentences into English.

1) HanopoOoTbl — poOOTHI, CO3/IaHHbIE U3 HAHOMATEPUAJIOB U Pa3MEPOM COMOCTa-
BUMbIE C MOJIeKyJIoi. OHU JOJKHBI 00J1aaTh QYHKUUSAMH JIBHXKEHHSI, 00pabOTKU
U niepenayu nHGOpMAaIK, UCTIOTHEHUS TPOTrPaMM.

2) Pazamepnl HaHOPOOOTOB HE MPEBBIIIAIOT HECKOJIBLKUX HaHOMETPOB. COrjacHO Co-
BPEMEHHBIM TEOPHSIM, HAHOPOOOTHI JOJKHBI YMETh OCYIIECTBIISITH JBYCTOPOH-
HIOI0 KOMMYHHUKAIIUIO: pearupoBaTh Ha aKyCTUYECKHE CUTHAIBI U OBITh B COCTOS-
HUU TIOA3aPsKATHCS WK NEPENpOorpaMMHUPOBATHCS U3BHE MOCPEICTBOM 3BYKOBBIX
WIM 3JIEKTPUYECKUX KOJIEOaHHI.

3) Takxke Ba)KHOM MPEACTABISIOTCS (PYHKIUU PEIUTUKALMU — CaMOCOOPKUA HOBBIX
HAaHUTOB W MPOrPAMMHUPOBAHHOTO CAMOYHHUUTOXKEHHUSA, KOTJa cpeia paboThl,
HaAIPUMED, YEIIOBEYECKOE TEJ0, OoJiee HE HYKIAE€TCS B IPUCYTCTBHH B HEM HAHO-
pob6oToB. B mocnennem ciaydae poOOTHI TOJDKHBI paclajgaThCs Ha Oe3BpeaHbIE U
OBICTOBBIBOJIMMbIC KOMITOHEHTHI.

4) HemMano HaHOTEXHOJIOTUYECKUX YCTPOMCTB Yy>K€ CO3JAaHO M XOTS OHM IOKA SIB-
JISIFOTCSL DKCIIEPUMEHTAIBHBIMU Pa3pab0TKaMu, MPAKTUYECKUE MEPCIIEKTUBBI OYe-
BH/IHBI.

5) PazpaboTan HaHORJIEKTPOABUTATEIb, UMEIOIINK OOMOTKY M3 OJHOM JUTMHON MO-
JIEKYJBI, CIIOCOOHOM 0e3 moTeph mepenaBarh Tok. [Ipu momaye HanpsoKeHUS HAYH-
HaJl BpalaTbCs pOTOP, COCTOSAILIUN U3 HECKOJIBKUX MOJIEKYII.

6) Cy1miecTByeT TakXe YCTPOMCTBO JIMHEMHOW TPaHCIOPTUPOBKH, CIIOCOOHOE Tie-
peMelaTh MOJIEKYJIbl Ha 3alaHHOE paccTosiHue. Pa3pabaThIBalOTCs TaKKe MOJIEKY-
JsipHBbIE OMOCEHCOPBI, AHTEHHBI, MAHUITYJISI TOPHI.

7) Chepa npumeHeHuss HAaHOPOOOTOB O4eHb IHpoka. [lo cyTu, oHHM MOTyT OBITh
HEOOXOJAMMBI TIPU CO3/IaHUM, OTJIAJKE W TOAJEPKAHUHN (PYHKIIMOHUPOBAHUS JTO-
OOM CJI0KHOM CHUCTEMBI.

8) Hanomamuuel MOTYT HOPUMEHATHCS B JJEKTPOHUKE JUIsl CO3/IaHUST MHUHU-
YCTPOMCTB WJIM 3JEKTPUUECKUX LIETEH — JaHHAsi TEXHOJIOTUSI HAa3bIBAETCS MOJIEKY-
nsipHOM HaHOCcOOpKoi. B mepcnekTuBe nrobas cOopka Ha 3aBOJi€ U3 KOMIIOHEHTOB

MOJKET OBITh 3aMEHEHa MPOCTOI COOPKOW U3 aTOMOB.
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COMPREHENSION
9. Make up the rendering of the following text.

Key Applications of Nano and Micro-Machines

The applications of these nano and micro-machines are nearly endless.

Here are some of the most exciting ones:

Cancer Treatment: Identifying and destroying cancer cells more accurately
and effectively.

Drug Delivery Mechanisms: Targeted drug delivery mechanisms for disease
control and prevention.

Medical Imaging: Creating nanoparticles that gather in certain tissues and
then scanning the body with a magnetic resonance imaging (MRI) could help high-
light problems such as diabetes.

New Sensing Devices: With near limitless customizable sensing properties,
nanorobotics would unlock new sensing capabilities we can integrate into our sys-
tems to monitor and measure the world around us.

Information Storage Devices: A bioengineer and geneticist at Harvard’s
Wyss Institute have successfully stored 5.5 petabits of data — around 700 tera-
bytes — in a single gram of DNA, smashing the previous DNA data density record
by a thousand times.

New Energy Systems: Nanorobotics might play a role in developing more ef-
ficient renewable energy system. Or they could make our current machines more
energy efficient such that they’d need less energy to operate at the same or high
capacities.

Super-strong Metamaterials: There is lots of research going into these met-
amaterials. A team out of Caltech developed a new type of material, made up of
nanoscale struts crisscrossed like the struts of a tiny Eiffel Tower, that is one of the
strongest and lightest substances ever made.

Smart Windows and Walls: Electrochromic devices, which dynamically

change color under applied potential, are widely studied for use in energy-efficient
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smart windows — these can control the internal temperature of a room, clean them-
selves, and more.

Ocean-cleaning Microsponges: A carbon nanotube sponge capable of soak-
ing up water contaminants such as fertilizers, pesticides and pharmaceuticals more
than three times more efficiently than previous efforts has been presented in a
study published in IOP Publishing’s journal Nanotechnology.

Replicators: Also known as a “Molecular Assembler”, this is a proposed de-
vice able to guide chemical reactions by positioning reactive molecules with atom-
ic precision.

Health Sensors: These sensors could monitor our blood chemistry, notify us
when something is out of whack, detect spoiled food or inflammation in the body,
and more.

Connecting Our Brains to the Internet: scientists believe nanorobots will al-
low us to connect our biological nervous system to the cloud by 2030.

Source: Nanorobots: Where We Are Today and Why Their Future Has Amazing
Potential https://singularityhub.com/2016/05/16/nanorobots-where-we-are-today-
and-why-their-future-has-amazing-

potential/#sm.000sys3a41a4mf97x031942d06xIp

SPEAKING

10. Speak about 3 minutes on the following topic: Nanorobots — man-made
creation the size of a molecule that are designed to perform the most important
tasks in various spheres of life, from science to medicine, from military technology
to space exploration. Previously, nanotechnology existed only in fiction and film,
but in recent years, the leading scientific centers of all developed countries of the
world give this topic of paramount importance. Development of full-fledged tech-
nology of nanorobots will radically change the world science and will bring us

closer to the enchanting future that science fiction has been waiting for.
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11. Make a presentation “Nanorobots: future in the present — Nanorobots in

medicine; Nanorobots in the third world war”’.

WRITING
12. Translate the following text into English.

HanopoOoTtbI: ceroansi 1 3aBTpa

KoMaH[pl 110 BceMy MHUpY padOTarOT HaJl CO3aHUEM MEPBOIO MPAKTUYHOTO
MEIUIIMHCKOTO0 HaHOpoOoTa. POOOTHI OT MIIIITUMETpa B IMAMETPE 10 OTHOCHUTEIIb-
HO TPOMO3/IKUX, B IBA CAHTUMETpPA JJIMHOM, YK€ CYIIECTBYIOT, XOTSl U HE UCIIBITHI-
BalOTCS Ha JIOJAX. BO3MOKHO, MBI BCErO B HECKOJIBKHUX I0/1aX OT BBIXOJIa HAHOPO-
00TOB Ha MEAUIMHCKUNA pbIHOK. CerogHsIHuE MUKPOPOOOTHI OCTAIOTCS TPOTOTH-
namu, KOTOPBIM HE XBaTaeT CIIOCOOHOCTEH BBIMOIHATh METUIIMHCKUE 3a4a4H.

B Oynymem HaHOpPOOOTHI MOTYT COBEPIIUTH PEBOIIOLKIO B MeAuIIMHE. Bpa-
YU CMOTYT JIEYUTh BCE, OT CEPAEHYHO-COCYIUCTHIX 3a00I€BaHUI O pakKa, Mpu Mo-
MOIIM KPOILIEYHBIX POOOTOB, MO pa3MepaM COMOCTABUMBIX C OaKTEpUSIMHU, HAMHOTO
MEHBIIUX, YeM HBbIHEIIHHE HAaHOPOOOThl. HeKoTOphle CUMTAIOT, YTO MOJYyaBTOHOM-
Hbl€ HAHOPOOOTHI YK€ BOT-BOT OyAYT AOCTYIHBI — JIOKTOpPA CMOI'YT MUMILIAHTUPO-
BaTh POOOTOB, CIIOCOOHBIX MATPYJIMPOBATh YEIOBEUECKOE TEJIO U pearupoBarh Ha
It00bie TpoOsieMbl. B oTiiMune OT 3KCTPEHHOIO JIeYeHus1, 3TU poOOThI OYIyT OCcTa-
BaTbCA B TEJIE NALMEHTA HABCEr/Aa.

Jpyroe noTeHIManbHOE MPUMEHEHNE HAHOPOOOTOB B OyIyllleM — YKperie-
HUE HAILEro TeJa, MOBBIIICHHE UMMYHUTETa, YBEJIMUECHUE CUJIbI WM JaXKe YIyd-

nieHre uHTesuiekTa. CMOXKEeM JIM Mbl B OJIMH NMPEKPACHBIN JeHb 0OHAPYKUTH THICA-
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Y1 MHUKPOCKOTMYECKUX POOOTOB, IIIBIBYIIUX 1O HAITUM BEHAM W BHOCSIIIM KO-
PEKIIMU ¥ U3MEHEHHUs B HallU pa3pylieHHble Tena? C HaHOTEXHOJIOTUSAMH, MTOXO-
e, Bce OyJIeT BO3MOXKHO.

Source: Kax 6yoym pabomams nanopodbomwi? https://hi-news.ru/technology/kak-

budut-rabotat-nanoroboty.html
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Test 3 (Unit 3)
1. Translate the following words and word combinations into Russian:
1) Nanofabrication;
2) Iris;
3) Cellular;
4) Super-fine;
5) Boost;
6) Tradeoft;
7) Assembler;
8) Corrosion-resistant coating;
9) Nanoscale resolution;

10) Shear thinning.

2. Translate the following words and word combinations into English:
1) Camopenpoaykuus;

2) Ilpsamoe mpou3BOACTBO BOJIOPOA;

3) Y30p ceTuarku riasa;

4) BO3MOKHOCTH YEJIOBEKA;

5) MouiekyJisipHBIE€ IPOLIECCOPBHI;

6) TouHOCTb BOCITPOU3BEICHUS;

7) buouepumua,

8) Hanonpusop;

9) KBapiieBas mojjioxKa;

10) YraepoaHast HaHOTpyOKa.

3. Give the full names to the following abbreviations and translate them:
NEMS —

Al -

ICE -

NICE -

MEMS —

DNA —
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4. Translate the sentences into Russian:

1) As the scientists gain data from animal experiments they will be able to create
specific compositions for regenerating different tissue types.

2) Nanotechnology sounds like a world of great promise, but there are controver-
sial issues too that must be considered and resolved.

3) Proponents say misconceptions and misrepresentation of nanotechnology's po-
tential have fuelled many dystopian scenarios.

4) The team is now moving on to testing their bioink in animals to obtain a much
clearer picture of how NICE bioinks interact with living tissue.

5) If you look around at the moment in a big city, a significant proportion of mate-
rial that you breathe in is already particulates — and a proportion of that is nano-

sized, like diesel emissions.

5. Translate Russian sentences into English:

1) B Onmxkaiiiem OyayiieM HAaHOTEXHOJOTHUSI CMOXET 3HAUUTEIHHO YBEIUYUTHh
MPOJIOIKUTEIBLHOCTD KU3HU, KOHTPOJIUPYS U BIIUSS HA 3[J0POBBE B PEaIbHOM Bpe-
MEHH C TTIOMOIIbI0 POOOTOB 3/I0POBbSI B KPOBOTOKE.

2) MonexynsipHble TPOLIECCOPbl MOXKHO OYJIET BCTpauBaTh B JIIOOBIE, JaxKe camble
KpOIIEYHbIE YCTPOMCTBA, BHEJPATh MX B BOJOKHA TKAaHW, MpEBpalliasi OJICKIy B
HAJICBAEMbIN KOMIIBIOTED.

3) Ilnanupyetcst co3gaHue HaHOPOOOTOB pa3MEepOM BCero 1—2 MUKpPOH, KOTOpbIC
CMOTYT BBITIOJHATH Pa3HOOOpa3HbIe GyHKIUU.

4) OCHOBHbBIE KOMITOHEHTHI MOJIEKYJIIPHOTO KOMIIBIOTEPA JIOJKHBI OBITH TEMH K€,
YTO U y OOBIYHOTO KOMIIBIOTEPA: CUCTEMAa BBOAA MH(OPMAILIUU, BBIYUCIUTEIbHBIN
650K (TIporeccop), cuctema xpaHeHus: nHpopManmu (aMaTh) U, HAKOHEII, CUCTe-
Ma BbIBOJIa UH(POPMALIUH.

5) CornacHo COBpEMEHHBIM T€OPHUSM, HAHOPOOOTHI JOJIKHBI YMETh OCYIECTBIISITh
JIBYCTOPOHHIOI0 KOMMYHHUKAITUIO: PearupoBaTh Ha aKyCTUYECKUE CUTHAIIBI U OBITh
B COCTOSIHUM TOJ3apsiKaThCS WIM MEPEenporpaMMUPOBATHCS U3BHE MOCPEIACTBOM

3BYKOBBIX WJIM 3JIEKTPUUYECKUX KOJIEOaHU.
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SUPPLEMENTARY READING
TEXT 1. An analogue smart skin that is self-powered

In order to make robots and robotic technology more human-like and more
human-friendly, smart skin technology is a critical element that helps robots sense the
world. These electronic or smart skins could help machines to accurately perceive the
environment and better assist human owners.

However, conventional smart skins — no matter if they are based on resistance,
capacitance or transistors — all need a power supply. It's kind of awkward for users to
have a high-tech, state-of-the-art thin, flexible and light-weight smart skin and have
to power it with a hard and heavy battery which can just work for hours.

Furthermore, in conventional smart skins higher resolution always means high-
er energy consumption and complex circuits. These two aspects need to be carefully
balanced to result in a practical device. So the obvious question is: Is it possible to
achieve higher resolution and at the same time reduce energy consumption?

A self-powered smart skin as the one just recently developed by a team of Chi-
nese researchers fundamentally solves this problem. In this work, the scientists com-
bine the triboelectric effect and planar electrostatic induction and apply it in a subtle

device structure for the first time to create a self-powered analogue smart skin.
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Structure of analogue smart skins. (a) Schematic diagram of an analogue
smart skin. (b) Optical image of the transparent, flexible, and lightweight smart skin.
The smart skin with a honey bee landing on it will not deform the peony. (c) SEM im-
age of microstructures on the PDMS film. (d) SEM image of the silver nanowire elec-
trodes. (Reprinted with permission by American Chemical Society)

Reporting their findings in ACS Nano ("Self-Powered Analogue Smart Skin"),
a team led by Prof. Haixia Zhang at the National Key Laboratory of Science and
Technology on Micro/Nano Fabrication, Peking University, presents a self-powered
analogue smart skin to detect location as well as contact velocity, based on a single-
electrode contact electrification effect and planar electrostatic induction.

In this paper, the team presents two significant achievements. The first is that
their smart skin is intrinsically self-powered.

"We use spontaneous triboelectric charges, combined with planar electrostatic
induction, to sense the touch applied on the smart skin", Zhang explains to Nan-
owerk. "Triboelectric charges occur in our daily life everywhere when two surfaces
touch each other. And when the charged surface approaches a metal block (or elec-
trode) it will induce the opposite charge, which is the so-called 'electrostatic induc-
tion' effect".

The beauty of this approach is that it makes use of the charges from triboelec-
tric effect — which exist everywhere. Imagine a scenario, when you want to drink
some coffee: you walk towards a table, and by doing so the opposite charges will be
generated on the surface of shoes and ground respectively; you pick up the cup to
drink, and the opposite charges will be generated on the skin of your palm and the
handle of the cup; furthermore, even swallowing the coffee will generate charges on
the surface of your digestive tract and the coffee.

The Chinese researchers utilize these spontaneous — but often be ignored —
charges to make their smart skin completely self-powered.

The intensity of the electrostatic induction effect depends on the distance be-

tween the charged surface and the metal electrode. The scientists use fixed electrodes
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to detect the intensity of the electrostatic induction effect, allowing them to confirm
the location based on the relative intensity.

That way, no extra power supply is required for operating the analogue smart
skin.

The second achievement is that only four electrodes are necessary to achieve
millimeter bi-dimensional resolution (precision) because of the utilization of ana-
logue localizing method to sense the touch stimulation.

"Compared with the previous works (see references 1-3 below), this smart skin
reduces the number of electrodes remarkably", Zhang points out. "This helps a lot to
reduce the complexity of the signal processing circuit. Although using less electrodes,
our smart skins achieve 1.9 mm resolution, much better than previous results".

She notes that, compared with digital smart skins which have been studied ex-
tensively, analogue smart skins still need more in-depth study.

"Analogue smart skins have obviously advantages at resolution and energy
consumption", she says. "I hope our work can draw more attention to the field of ana-
logue smart skins. Furthermore, it will contribute to the areas of artificial intelligence
and portable electronics as the self-powered high-resolution sensor offers a solution

for smart skin applications".
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Use of smart skin on an artificial hand. (a) Photograph of an artificial hand
covered by two-dimensional analogue smart skins on the curved back of the hand and
one-dimensional analogue smart skins on the middle finger. (b) Voltage output when

a honey bee approaches and leaves the two-dimensional smart skin swiftly. (c,d)
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Voltage ratios of electrodes a-d. (e) Voltage output when the two-dimensional smart
skin on the artificial hand is touched. (f) Location result of analogue smart skins. The
testing point is (2.50, 2.50), and the result is (2.53, 2.50), with a slight deviation of
only 0.3 mm. (Reprinted with permission by American Chemical Society) (click on
image to enlarge)

Going forward, the team will work on the stretchability of their smart skin (the
current version is not stretchable) and on improving the resolution. According to the
team, due to the theoretically infinite resolution, there still is plenty of room to im-
prove on the current performance. Furthermore, they will try to integrate more sens-
ing parameters as well as signal transmission in the design.

Last but not the least, they will explore approaches to shield the smart skin
from environmental interference, which is critical for practical applications.

Zhang notes that the current device design provides opportunities for including
additional sensing capabilities such as temperature, contact velocity, or gas composi-

tion.

TEXT 2. Top 5 Trends in Nanotechnology

For many, nanotechnology is viewed as merely a way to make stronger and
lighter tennis rackets, baseball bats, hockey sticks, racing bikes, and other athletic
equipment. But nanotechnology promises to do so much more. A more realistic view is
that it will leave virtually no aspect of life untouched and is expected to be in wide-
spread use by 2020. Mass applications are likely to have great impact particularly in
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industry, medicine, new computing systems, and sustainability. Here are some underly-
ing trends to look for, many interconnected, and all expected to continue to accelerate.
1. Stronger Materials/Higher Strength Composites

The next generation of graphene and carbon nanotube-based devices will lead
to even lighter but stronger structures than has been made possible by carbon fiber
and will become increasingly obvious in cars, bicycles, and sporting equipment, says
Clint Landrock, chief technology officer of NanoTech Security.

Dr. Samuel Brauer, founder Nanotech Plus, an alliance of consultants offering
analysis and operational assistance about the business of nanotechnology, cites as one
area of advancement the development of carbon nanotube pre-impregnated materials
which offer better conduction, overcoming one of the major challenges of conven-
tional carbon fiber/epoxy composites. He notes that carbon nanotube meshes have al-
ready flown on some space missions, for example, the Juno probe to Jupiter.

2. Scalability of Production

One big challenge is how to produce nanomaterials that makes them afforda-
ble. According to Dr. Timothy Fisher, Purdue University professor of mechanical en-
gineering, technologies that can impact grand challenge problems such as food, wa-
ter, energy, and environment must be scalable.

"The main reason that these problems are so grand is that they are ubiquitous
and therefore the related commercial markets have become commoditized. Very of-
ten, a technology that exploits a unique attribute of a nanomaterial can offer im-
provements in functional or engineering performance, but almost as often, these tech-
nologies require scarce materials (and therefore expensive) or slow or complicated
manufacturing processes (and also expensive). "That limited scalability often hinders
application despite outstanding functional performance in the laboratory or prototype
stage, he explains.

3. More Commercialization
Over the next several years, significant advances are expected in carbon nano-

tube manufacturing technology, specifically in controlling the purity and structure,
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and in reducing costs due to economies of scale, according to David J. Arthur, CEO,
SouthWest NanoTechnologies, a producer of carbon nanotubes.

"Advances will make the use of carbon nanotube materials even more compel-
ling for mechanical engineers", he says. In addition to transforming the automotive,
aerospace, and sporting goods fields, nanotechnology is facilitating so many diverse
improvements: thinner, affordable, and more durable flat panel displays; improved
armor materials to protect soldiers; sensors for medical testing; more humane and ef-
fective treatments for cancer patients; enhanced cathode materials for safer and long-
er life Li-ion batteries; and the list goes on.

4. Sustainability

One main goal of the National Nanotechnology Initiative, a U.S. government
program coordinating communication and collaboration for nanotechnology activi-
ties, is to find nanotechnology solutions to sustainability. Mike Nelson, chief tech-
nology officer, Nanolnk Inc., says nanomaterials and nanostructured surfaces are in-
creasingly employed in many advanced energy storage and conversion projects, and
nanomaterials and nanomanufacturing contribute to products that are more energy ef-
ficient in both production and use.

Dr. Eric Majzoub, associate director, Center for Nanoscience, University of
Missouri - St. Louis, says this is done by controlling thermodynamics of solid-solid
reactions through nanoscale size reduction and it can improve energy-storage materi-
als including batteries, supercapacitors and hydrogen storage.

Nelson sees the greatest near-term impact in sustainability coming in the areas
of transportation (more efficient and lighter materials for autos and aircraft, requiring
less fuel) and in three other related areas: lighting, photovoltaics, and energy storage.
"The types of nano technologies being employed in all three of these are similar in
terms of using nanostructured surfaces or materials to improve efficiencies from an
electronic performance perspective whether it's batteries or solar cells or LED light-

ing", he adds.
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5. Nanomedicine

Nowhere is the application of nanotechnology more exciting than in the bio-
medical field, where advances are being made in both diagnostics and treatment are-
as. Houston-based Nanospectra Biosciences has been developing a new therapy using
a combination of gold nanoshells and lasers to destroy cancer tumors with heat.
Based on work done by Rice University professors, Dr. Naomi Halas and Dr. Jennifer
West, the technology promises to destroy tumors with minimal damage to adjacent
healthy tissue.

John Stroh, Nanospectra CEO, says he is hoping for European approval in the
second or third quarter of this year and FDA approval early next year after 10 years
of ongoing development and testing. In the diagnostics area, nanosensors that can de-
tect, identify, and quantify biological substances in body fluids are leading to early
disease detection and earlier treatments as well as the ability to detect environmental

contaminants in the body.

TEXT 3. Merging nanotechnology and liquid crystals for better displays

(Nanowerk Spotlight) Liquid crystals displays (LCDs) are widely used for lap-
tops, smartphones, tablets etc. Typically, an electric field applied across a thin layer
of liquid crystals changes their physical properties thus enabling the use of liquid
crystalline materials in displays.

Small traces of ions inherently present in liquid crystal materials can compro-
mise the overall performance of liquid crystal devices leading to various side effects
such as image sticking, image flickering, or slow response.

Ideally, the amount of ions in liquid crystals designed for display applications
should be as small as possible. However, even highly purified liquid crystals can get
contaminated in uncontrollable ways during device manufacturing or during its daily
use. This uncontrollable contamination is a serious challenge that needs to be over-
come.

One promising solution can be found by merging liquid crystals and nanotech-

nology. In short, nanoparticles dispersed in liquid crystals can trap mobile ions thus
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reducing their concentration and providing a permanent purification of liquid crystals.
This simple concept was tested by many independent research groups (more details
can be found in a recent review: Crystals, "Nano-Objects and Ions in Liquid Crystals:
Ion Trapping Effect and Related Phenomena").

We have highlighted the necessity to consider the ionic purity of nanoparticles
for the correct interpretation of experimental results and achieving the purification
and/or contamination of liquid crystals in two previous Nanowerk Spotlights: "lonic
purity of nanoparticles is key to switching between purification and contamination
regimes in liquid crystal devices" and "A nanotechnology approach to purifying lig-
uid crystals".

"The majority of the reported experimental results do not discuss the effect of
substrates on the purification / contamination regimes achieved in liquid crystals
doped with nanoparticles", Yuriy Garbovskiy, PhD, a researcher at the UCCS Bio-
Frontiers Center & Department of Physics, University of Colorado, tells Nanowerk.
"However, liquid crystals sandwiched between two substrates constitute a major
component of practically any electro-optical device utilizing these materials. There-
fore, the consideration of the interactions of ions with substrates of the liquid crystal
cell is very important".

An analysis of the combined effect of nanoparticles and substrates on the con-
centration of mobile ions in liquid crystals is the focus of Garbovskiy's recent paper
in Applied Physics Letters ("lon capturing/ion releasing films and nanoparticles in
liquid crystal devices"). His analysis considers both 100% pure and contaminated
with ions substrates (alignment layers) and nanoparticles.

These results could be very useful for R&D engineers trying to apply nano-
technology to liquid crystal devices. Specifically, the control of mobile ions in liquid
crystals by means of nanoparticles and substrates of the cell tailored for specific ap-

plications — liquid crystal displays, light shutters, switches, modulators, etc.
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Figure 1. The dependence of the concentration of mobile ions in the cell filled with pristine
liquid crystals on the thickness of the cell. The ionic purity of substrates is quantified by means of
the dimensionless contamination factor vS. (Image: Dr. Yuriy Garbovskiy, University of Colorado,

Colorado Springs)

"In general, we should consider interactions of ions in liquid crystals with both
substrates and nanoparticles", says Garbovskiy. "To understand how substrates of the
cell can affect the concentration of mobile ions in liquid crystals consider pristine (no
nanoparticles are added) liquid crystals. Mobile ions in liquid crystals can stick to the
surface of the substrates (the adsorption process)".

As a result, this process leads to the reduction in the concentration of mobile
ions as shown in Figure 1 (solid curve). As can be seen from this, the magnitude of
this effect depends on the cell thickness. It is very pronounced if relatively thin cells
are used and becomes negligibly small in the case of relatively thick cells. The reduc-
tion in the concentration of mobile ions can always be observed if 100 % substrates
are used.

However, the use of contaminated substrates can result in three different re-
gimes, namely, the ion capturing regime (Figure 1, solid curve), the ion releasing re-
gime (Figure 1, dashed curve), and no change in the concentration of mobile ions
(Figure 1, dotted curve).

"If nanoparticles are added to liquid crystals, we should consider the combined
effect of substrates and nanoparticles", notes Garbovskiy.

Some of these effects are shown in Figure 2.
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Figure 2. The dependence of the concentration of mobile ions in the cell filled with liquid
crystal nanocolloids (liquid crystals doped with nanoparticles) on the weight concentration of na-
noparticles calculated at several values of the cell thickness, d. Nanoparticles are contaminated
with ions (the contamination factor vNP=0.0002) and the substrates are 100 % pure (the contami-

nation factor v§S=0). (Image: Dr. Yuriy Garbovskiy, University of Colorado, Colorado Springs)

As can be seen from Figure 2, depending on the cell thickness, different types
of the behavior can be observed. Garbovskiy's recent paper in APL provides a de-
tailed discussion of scenarios which can be achieved if the combined effect of sub-
strates and nanoparticles is taking into account.

All these effects are very sensitive to the ionic purity of both nanoparticles and
substrates of the liquid crystal cell.

These results have important practical implications. Figures 1 and 2 indicate
that the electrical properties of liquid crystals and liquid crystal nanocolloids depend
on the thickness of the cell. Moreover, this dependence is a strong function of the ion-
ic purity of both nanoparticles and substrates of the cell.

As Garbovskiy points out: "We should revisit standard procedures used to
characterize electrical properties of liquid crystals and include electrical measure-
ments taken at different values of the cell thickness to the existing experimental pro-
tocols. The type of substrates used in experiments should be specified. Moreover, the
manufacturers of liquid crystals should add all mentioned information to the materials

datasheets".
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The next step in his research will be to study various types of ion-
capturing/ion-releasing substrates to compile a database and identify the most prom-
1sing candidates.

"In my recent paper I assumed fully ionized symmetrical species of a single
type; in other words: positive and negative ions are characterized by the same values
of their adsorption/desorption rate constants", Garbovskiy says. "The consideration of
ionic species of several types is also very interesting and important".

"Research on ions and nano-objects in liquid crystals is very diverse; it can go
different ways by exploring various combinations of substrates, nanoparticles and
liquid crystals", he concludes. "The design and characterization of ion-capturing/ion-
releasing films and nanoparticles for their use in liquid crystal devices is a very inter-

esting and promising direction".

TEXT 4. How Stuff Works

There's an unprecedented multidisciplinary convergence of scientists dedicated
to the study of a world so small, we can't see it — even with a light microscope. That
world is the field of nanotechnology, the realm of atoms and nanostructures. Nano-
technology 1—s so new, no one is really sure what will come of it. Even so, predic-
tions range from the ability to reproduce things like diamonds and food to the world
being devoured by self-replicating nanorobots.

In order to understand the unusual world of nanotechnology, we need to get an
idea of the units of measure involved. A centimeter is one-hundredth of a meter, a
millimeter i1s one-thousandth of a meter, and a micrometer 1s one-millionth of a me-
ter, but all of these are still huge compared to the nanoscale. A nanometer (nm) is
one-billionth of a meter, smaller than the wavelength of visible light and a hundred-
thousandth the width of a human hair.

As small as a nanometer is, it's still large compared to the atomic scale. An at-
om has a diameter of about 0.1 nm. An atom's nucleus is much smaller — about
0.00001 nm. Atoms are the building blocks for all matter in our universe. You and

everything around you are made of atoms. Nature has perfected the science of manu-
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facturing matter molecularly. For instance, our bodies are assembled in a specific
manner from millions of living cells. Cells are nature's nanomachines. At the atomic
scale, elements are at their most basic level. On the nanoscale, we can potentially put
these atoms together to make almost anything.

In a lecture called "Small Wonders: The World of Nanoscience," Nobel Prize
winner Dr. Horst Stormer said that the nanoscale is more interesting than the atomic
scale because the nanoscale is the first point where we can assemble something -- it's
not until we start putting atoms together that we can make anything useful.

In this article, we'll learn about what nanotechnology means today and what the
future of nanotechnology may hold. We'll also look at the potential risks that come
with working at the nanoscale.

In the next section, we'll learn more about our world on the nanoscale.

Experts sometimes disagree about what constitutes the nanoscale, but in gen-
eral, you can think of nanotechnology dealing with anything measuring between 1
and 100 nm. Larger than that is the microscale, and smaller than that is the atomic
scale.

Nanotechnology is rapidly becoming an interdisciplinary field. Biologists,
chemists, physicists and engineers are all involved in the study of substances at the
nanoscale. Dr. Stormer hopes that the different disciplines develop a common lan-
guage and communicate with one another. Only then, he says, can we effectively
teach nanoscience since you can't understand the world of nanotechnology without a
solid background in multiple sciences.

One of the exciting and challenging aspects of the nanoscale is the role that
quantum mechanics plays in it. The rules of quantum mechanics are very different
from classical physics, which means that the behavior of substances at the nanoscale
can sometimes contradict common sense by behaving erratically. You can't walk up
to a wall and immediately teleport to the other side of it, but at the nanoscale an elec-
tron can - it's called electron tunneling. Substances that are insulators, meaning they
can't carry an electric charge, in bulk form might become semiconductors when re-

duced to the nanoscale. Melting points can change due to an increase in surface area.
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Much of nanoscience requires that you forget what you know and start learning all
over again.

So what does this all mean? Right now, it means that scientists are experiment-
ing with substances at the nanoscale to learn about their properties and how we might
be able to take advantage of them in various applications. Engineers are trying to use
nano-size wires to create smaller, more powerful microprocessors. Doctors are
searching for ways to use nanoparticles in medical applications. Still, we've got a
long way to go before nanotechnology dominates the technology and medical mar-
kets.

In the next section, we'll look at two important nanotechnology structures:

nanowires and carbon nanotubes.

TEXT 5. It's a Small World After All

At the nanoscale, objects are so small that we can't see them — even with a light
microscope. Nanoscientists have to use tools like scanning tunneling microscopes or
atomic force microscopes to observe anything at the nanoscale. Scanning tunneling
microscopes use a weak electric current to probe the scanned material. Atomic force
microscopes scan surfaces with an incredibly fine tip. Both microscopes send data to
a computer, which can assemble the information and project it graphically onto a
monitor.

Currently, scientists find two nano-size structures of particular interest: nan-
owires and carbon nanotubes. Nanowires are wires with a very small diameter, some-
times as small as 1 nanometer. Scientists hope to use them to build tiny transistors for
computer chips and other electronic devices. In the last couple of years, carbon nano-
tubes have overshadowed nanowires. We're still learning about these structures, but
what we've learned so far is very exciting.

A carbon nanotube is a nano-size cylinder of carbon atoms. Imagine a sheet of
carbon atoms, which would look like a sheet of hexagons. If you roll that sheet into a
tube, you'd have a carbon nanotube. Carbon nanotube properties depend on how you

roll the sheet. In other words, even though all carbon nanotubes are made of carbon,
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they can be very different from one another based on how you align the individual
atoms.

With the right arrangement of atoms, you can create a carbon nanotube that's
hundreds of times stronger than steel, but six times lighter. Engineers plan to make
building material out of carbon nanotubes, particularly for things like cars and air-
planes. Lighter vehicles would mean better fuel efficiency, and the added strength
translates to increased passenger safety.

Carbon nanotubes can also be effective semiconductors with the right arrange-
ment of atoms. Scientists are still working on finding ways to make carbon nanotubes
a realistic option for transistors in microprocessors and other electronics.

In the next section, we'll look at products that are taking advantage of nano-
technology.

Graphite vs. Diamonds

What's the difference between graphite and diamonds? Both materials are made
of carbon, but both have vastly different properties. Graphite is soft; diamonds are
hard. Graphite conducts electricity, but diamonds are insulators and can't conduct
electricity. Graphite is opaque; diamonds are usually transparent. Graphite and dia-
monds have these properties because of the way the carbon atoms bond together at
the nanoscale.

You might be surprised to find out how many products on the market are al-
ready benefiting from nanotechnology.

Bridgestone engineers developed this Quick Response Liquid Powder Display,
a flexible digital screen, using nanotechnology.

« Sunscreen — Many sunscreens contain nanoparticles of zinc oxide or titani-
um oxide. Older sunscreen formulas use larger particles, which is what gives most
sunscreens their whitish color. Smaller particles are less visible, meaning that when
you rub the sunscreen into your skin, it doesn't give you a whitish tinge.

 Self-cleaning glass — A company called Pilkington offers a product they call
Activ Glass, which uses nanoparticles to make the glass photocatalytic and hydro-

philic. The photocatalytic effect means that when UV radiation from light hits the
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glass, nanoparticles become energized and begin to break down and loosen organic
molecules on the glass (in other words, dirt). Hydrophilic means that when water
makes contact with the glass, it spreads across the glass evenly, which helps wash the
glass clean.

* Clothing — Scientists are using nanoparticles to enhance your clothing. By
coating fabrics with a thin layer of zinc oxide nanoparticles, manufacturers can create
clothes that give better protection from UV radiation. Some clothes have nanoparti-
cles in the form of little hairs or whiskers that help repel water and other materials,
making the clothing stain-resistant.

» Scratch-resistant coatings — Engineers discovered that adding aluminum sili-
cate nanoparticles to scratch-resistant polymer coatings made the coatings more ef-
fective, increasing resistance to chipping and scratching. Scratch-resistant coatings
are common on everything from cars to eyeglass lenses.

 Antimicrobial bandages — Scientist Robert Burrell created a process to manu-
facture antibacterial bandages using nanoparticles of silver. Silver ions block mi-
crobes' cellular respiration. In other words, silver smothers harmful cells, killing

them.
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Appendix 1
1. Kak cocTaBUTh aHHOTALUIO K TEKCTY HA PYCCKOM fI3bIKe
IIpu HAaNMCAHUM AHHOTALNH UCHOJb3YHTe cCeayIle KIUIe:
Cmamua (mexkcm) noceauiena npooaeme/sonpocy ... B nauane cmamou
— peub UJAET O ...
— J1aeTcsl ONpEACIICHHUE . ..
— 000CHOBBIBA€TCS 3HAUUMOCTD ...
— MIPUBJICKACTCSI BHUMAHUE ...
Hanee
— ONUCHIBAETCH ...
— paccKa3bIBaeTCH. ..
— paccMaTpuBaeTcs ...
— W3JIaraercs ...
B uacmnocmu
— OTMEYaeTCs, HapUMep, ..
— oIpoOHO U3Naraercs ...
— ONUCHIBAETCS CXEMA ...
— YKa3bIBaeTCA ...
— JIOKa3bIBAETCS MBICIIb ...
Hakoneuy
— paccKa3bIBAETCH. ..
B 3axniouenue
— MIPUBOJATCS PUMEPDI
Iloovimosicusan ckazannoe, Clienyer OTMETUTD ...
Kax mne kasxcemcs, CTatbsi MOXKET IPEACTABISATh UHTEPEC A ...

,Zlymaemc;t, CTaThs MOKET OKa3aThCs MOJIC3HOU JIIA ...
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2. Kak cocTaBUTh aHHOTAIMIO K TEKCTY HA AaHTJIMICKOM sI3bIKe

JIJ1s1 cOCTaBJIEHUSI AHHOTALIMU HCIOJIb3YiTe cJeayolue KIuiie:

The text/article under review ... (gives us a sort of information about ...).

The article deals with the problem ...

The subject of the text is ...

At the beginning (of the text) the author describes ... (dwells on ...; explains...;
touches upon ...; analyses ...; comments ...; characterizes ...)

The article begins with the description of ..., a review of ..., the analyses of ...
The article opens with ...

Then (after that, further on, next) the author passes on to..., gives a detailed (thor-
ough) analysis (description), goes on to say that ...

To finish with, the author describes ...

At the end of the article the author draws the conclusion that ...; the author sums it
all up (by saying ...)

In conclusion the author ...
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3. Kak moaAroToBuTH Npe3eHTaluIo
Phrases which help you to make a presentation:
1. Introduction

* Good morning, everybody! (ladies and gentlemen).

* Let me introduce myself. My name is.. ./l am a first year law student.

* The topic of my presentation is.. ./Today I would like to tell you

about...

* | have chosen this topic because..., / The purpose of my presentation is to inform/

to persuade...

* The form of my presentation is .. ./The body of my presentation consists of...

parts.

« It will take only 5-7minutes of your time.

2. Body

* First..

* | have divided my presentation into 2-3 parts.

* Then...

« After that I’d like to move on to... /-Next I’d like to move on to
like to move on to...

3. Conclusion

* Let us summarize briefly what we have looked at.
* Let us briefly summarize the main issues.

* In conclusion I want to say.

* That is the end of my presentation.

* Thank you for your listening/attention.

4. Inviting questions

* You are welcome with your questions.

* | am ready to answer any of your questions.

* Could you repeat your question?

* [ am sorry, but I didn’t follow your question.

... /-Finally I’d

* If there are no more questions thank you again for your attention.

139



numbers

fractions and

decimals

Appendix 2
Numbers
25 — twenty-five
514 — five hundred and fourteen
7,938 — seven thousand nine hundred and thirty-three
2,045,238 — two million forty-five thousand two hundred and
thirty eight

15 kilometer — half a kilometer
1/3 ton — one third of a ton
0.2 — point two

6.145 — six point one four five
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Abbreviations

A
AC — alternating current
AFM — atomic force microscope
Al — Artificial Intelligence
ATM — Automatic Teller Machine

C
CCD — charge coupled device
CNT — carbon nanotubes

D
DNA - deoxyribonucleic acid

I
IBM — Internatinal Business Mashines
ICE — ionic-covalent entanglement
i.e.—id est (TO ecTh, T. €.)

L
LED - light-emitting diodes

M

MEMS — microelectromechanical system
MRI — magnetic resonance imaging
MWCNT — multi-walled carbon nanotubes
N
NEMS — nanoelectromechanical systems

NICE — nanoengineered ionic-covalent entanglement
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(0]
OLEDs — Organic Light Emitting Diodes
S
SPASER - surface plasmon amplification of stimulated emission of radiation
SPM — scanning probe microscopes
STM — scanning tunneling microscope
SWCNT - single walled carbon nanotubes
T

TEM - transmission electron microscope
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