1" B

EAIME

7 XWEE T



TREBFHE T2 AR HM
AL TR oE

¥Mk¥E XfEX FiHE

Dezzaana
b



FEREGSRBAAFA TR LA TAENBEER, DR T E MR AR IGER B &
wE A sEHEA .

FERHE. OXBAHERE RR=MFA5IABE, WEEECEHEE. KENHERE. UH
EAATGE; QNI Z I ERBIE T, 60 HiTERZNEH 2P EBEEE. BN ENIR,
PR EWSMERLET, MNBHSHESCRHEX SN REMET VIS ORFBRELFINETE ¥
BT ZRER TUBERA:; OHRRFM, FEMERCER. MK HRBIGE R EKF
MU T REREWREAR . BIREMKTEZEESENE.

EHERSE (CIP) #iE

WEW T EWSNEMKE, XIEXEEH. —I:
2 Tk RR4E, 2011.7

YEESHE “+ -1 AREE

ISBN 978-7-122-10926-2

I. 4 1. OFr @5l ML O2E-5iE-
HEER-BMOLZE T - TE-BHFER- MO
% HiE-HEFER-EH O FE T - BiE-BEER-
## IV.H31

o B AR A B B8 CIP #HiERFE (2011) 3 056710 &

HEHHE: Rz ¥ Rk
RN Bz gt kK

HREAT: WETWHERMY (ERTRBXEEMEE 132 FERSEH 100011)
B ¥ =R
787mm X 1092mm  1/16 EP9K 10% E¥ 229 TF 201147 AAeStE 1 RE 1 ENR

MHEH: 010-64518888 (45EL: 010-64519686) HBERS%: 010-64518899
™ Ht: http://’www.cip.com.cn
AREEES, mAERBREBRE, AHHEEFLATELR.

E O 28005 MIEFE EEYR




Hi

B 2000 fE#D, APBHmEELSE 11 EWETTHRENZATREWING. EHELTRES
BEHELR, TERERR, FAHERNHE, BRLAEZEHFRRNEM LEREAR. &
HARBWES, SR THRMIAREERTHINS: EAEL, BARR. EARME;
HEEREISCEENEARTE: BAEMEEHFHETELANETLREEY . BdABHE
3, WTUR B TRE W FEM HEEC . Wik s, |EEERNXGEE . FiE.
BE. RHFTIERXTSPTHAE S o
o AEHMEAUTRA. OFEMHERE. $F0b2 40 TR LB E & WIMEHRE
SEPEEATERE, RNXELBEHIERAE, MAKEEELUBHENE ZINERI
W, EEWSMERMEZL RS, &EEMMAEHZEE, RN=MFRXEHFIAHIENHE:
B, FEELCSHBE, WM FRIRERIT; £, EEMBHIENE, W Lecture 7;
%E, PLHE S B HIE, W0 Lecture 18 A1 Lecture 19. @ M HEa{k 2 335 BRI X B 1E,
EE U T EVEERBES YR RBEMBEN. 43 BT RMIGEHEPEIEE. BNH
PLE R AR AESMEGE BT, BRENIVR, R AMEREES, Minkisie
XRAXRBEMBEBEBMES IS, FAREHMORZRE. BT 40 220 05 AMEEY,
MEMALFE ST /U HEWE. LEEESETENELVERRERENTE. @
AERBNEMUETRE - RER TR AE Z%%8, TUBERK. OHKTFFHR,
R EAEFRACE L. SRS EREANEKTAREAR. IREMKPE
YEHSEMME.

ABHABTERE, RESZAUBRAEE FTRAMNSWAMEEM HEM L, 438 TR
BBl 4 TR A REEWINERBERNNFE RN E R, NERALEAT, &1
A—ERECEMEG L, ARZHNRB BRI EWINE, NTEBTHETFE=2
W SCRTTE B AR - AR B A AT R AT . UM 4 Lecture 1 (RIS « MIANEITH
PR, HH, Lecturel (BIE) ETERIEHETHABRENAE. FIIMNENTE
N RZMRESE: B—Riuh “EbE” 85, SELENAE. HA%E. BEL
F. o, BT EAYE, RS2 RAR BN EBEE TR, HEE
EPUTASERENTIAE, FITEWHERNSES, B8N “FIEkE” 3,
BREEDR CoEM—BEARMIR, FZ5HRAN “AAETE” B, SFALETEDH
HEAEHE., B%E. AR TR, AmAER. 2 FRAEA: FNETAH “SHE” 45,
BRESENEEETT. SHEERE. BERXEE. BRSNEMAGSESE, KPR
XEERAEEFMHENBOFR, HBFSUERMNGERESERBUEENMAXLENY
X MREFETEANR. LEPHLETHU . HFEMARKIEEU KRR EE M
%. BREYRERER.

AR EFEENREFRNMFEU TR EWHT LA REREIGESS, G4 THAMAMERE
T MHKBRBEREIGENTIEREE. BMFENSEKCERTIRAE. BEAR. XhE¥gtly



BE =0 -

AHRXEGE, KXY HBKESER, HESSBXEASER. FEATBRTR
BN, HE5XMBEEXR, Liuxuguang@tyut.edu.cn.

REREREAMAZ, BRTFKE #HEFALSHEZA, EImRKEEAFRIE,
AR BEEE A EE.

W &
2011 £ 3 B



Lecture 1 Preface ﬁﬁ‘% LTI P G PR IR AR R RN 1
Unit1 Basic Chemistry %m“:# ............................................................................................................................ 4
Lecture 2 Elements and Basic Inorganic Chemistry TEEE B L HRREEE s 4
Lecture 3 Basic Organic Chemistry FEBEATHRAL B ovreererermrr b e 9
Lecture 4 Basic Physical Chemistry =0 Ly b L SR R L TR TR R AR S RS R 15
Lecture 5 Basic Analytical Chemistry FERBAPHTAL BE v et e 21
Lecture 6 Basic Instrumental Analysis ZEBEHEIRAPHT -rovrvereermommsssssssemsmn st 28
Lecture 7 Basic Environmental Chemistry BEBEIRIEALEE vt 39

Unit2 Advancing Front

Lecture 8 C603 Buckminsterfullerene 57 7 3 ¥ A P — 7 F = L ¥ e 60
Unit3 Basic Chemical ENgINEerimg -« st sossissimeeittitiistssins ettt 69
Lecture 9 Basis of the Calculations in Chemical Engineering - - mesrsesssissessnensismnmssiis sttt 69
Lecture 10 Basic KAnetiC Laws -+ +essrrearsaressesesiensussrtteastas st test st seast 2t st s st s e 76
Lecture 11 Heat Transfer 'ffiﬁ' ................................................................................................................................. 80
Lecture 12 Basic CONCEPt OF DIIYIMg -+ westreserssse sttt e b o e 82
Lecture 13  Petroleum and Coal E?ﬁ] L Eﬁé ........................................................................................................... 84
Lecture 14 Molecular Sieve and Zeolites 43 T & AR corvemeerstssmssnn s e 90
URHE G WIEREIDE -+ e oeeeeeeerms e eos s st s s
Lecture 15 Basic English Writing

LECtUre 16 WEIHIIG Wl - reesstveesstrssscrmmseeameemms et et s s s e
Lecture 17 Guide to Publishing a Scientific Paper ?ﬁ%‘gﬁ.*;{,gégﬁi BEL W § = 7::]‘ ............................................ 106
Lecture 18 l‘%—%’%’% 7= % DR English for Academic COnferenCes: ===t +rrmserrramcsssssrsrssesninscsinensseninaness 127
Lecture 19 ﬁj‘c?{;ﬁg ] g ) English Letter Writing ............................................................................................ 129
BHESE  ADPEIAXES -+ 7o e e 1 R 143
Appe'nd. 1 The Periodic Table of the Elements J—Iiﬁ D )?g-] % ﬁ D i—E ..................................................................... 143
Append. 2 Name ofCompounds %é’%ﬁ%@?‘% .................................................................................................... 144
Append. 3 Reading of Number and Equation &? s %Iit D EFE I TG ceoreermrensesermonisneni i s e 149
Appepd. 4 BEACAP B BRI veoreerrmreesererer sttt e e s 151



Lecture 1 Preface RJ= &

Roll-call and self introduction HX2F~ & BEEN: BH 2L, HE. &
WeREEE

Students' objectives in studying this section are to be able to:

(1) Describe what scientific branches this course covers;

(2) Know some experience in the aspect of how to learn a foreign language;
(3) Understand what the scientific attitude is.

Introduction speech %53
Now, society is asking more for you than ever before and will ask even more in
the future. Those who want to get a good job, a good salary or a good chance to show
their intellectual ability after graduation must have the ability to master well their
speciality knowledge, as well as English and computer. I hope this course can provide
you with a chance to learn more special English in the field of chemical engineering.
1 want to know who in your class knows this poem and gives its best translation
into Chinese:
I advise you not to cherish your cloth of gold
but to honor the day of youth
When flowers bloom they need to be plucked
wait not to grasp in vain at empty twigs
In fact, this textbook is sometimes bilingual, that is, written mainly in English and
partly in Japanese. The majority of postgraduate students learn English as their first
foreign language and Japanese as the second one. Therefore, this textbook is designed
to help the students get familiar with corresponding Japanese expressions while they
learn the English expressions in their speciality knowledge.

What will this course cover? = PREIHAREC > T

Being the special English in the field of chemistry and chemical engineering, this
course is designed to cover the following branches: (Delementary chemistry, such as
inorganic chemistry, organic chemistry, analytical chemistry, physical chemistry and
so on; @catalysis and catalysts, including some basic knowledge of reaction kinetics;
®instrumental analysis and characterization means, such as GC, IR, UV, XRD, and
TG; @chemical technologies and processes, such as drying, condensing, extraction,
and distillation; ®some applied or advanced branches of chemistry, such as coal,
petroleum, and nanomaterials; ®some typical literatures or papers found in latest
research; (Dthe writing of letters and research papers.

Some way to the gainful learning of a foreign language #+HiE» EF < % 3 ik
o T
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The ability to learn a foreign language is quite different from one to another. Even
with equal period of time and equal endeavor, different students often give different
results. Why? The appropriate method is one important reason. Moreover, whether one
can learn a foreign language well often depends much on his/her language-mastering
ability.

Language differs from mathematics in that, as we have well known, in
mathematics, different variables can have definite relationships, which means a given
value of a variable can definitely result in the value of another variable by their
functional expression. Contrary to this, there exists some untranslatability in languages.
Some times, we can hardly find the counterpart of a word in another language.
Therefore, a wiser manner to understand what the word means is to understand its
function or meaning in current place.

We are often confused by the fact that we must select one appropriate meaning for
a new word from its many explanations in dictionary to match the sentence or the
paragraph we are reading. The only way to make the choice easier is to broaden our
knowledge through extensive reading of relative literatures.

Sufficient volume of glossary is essential for us to become good at foreign
language.

Some students often put the learning of grammar in his/her first place. They pay
too much attention on it but finally find that the writing and reading can not become
easier though they think they have mastered enough grammar. Why? Grammar is only
a tool that serves our learning. Remember that grammar is not the destination of our

learning a foreign language.

The scientific attitude F}2% © 8B

What is the nature of the scientific attitude, the attitude of the man or woman who
studies and applies physics (HJH2£) , biology (4E#)%#), chemistry (1L.2), geology (H:
%), engineering (1.%%), medicine (& 2%) or any other science?

We all know that science plays an important role in the societies in which we live.
Many people believe, however, that our progress depends on two different aspects of
science. The first of these is the application of the machines, products and systems of
applied knowledge that scientists and technologists develop. Through technology,
science improves the structure of society and helps man to gain increasing control over
his environment. New fibers and drugs, faster and safer means of transport, new
systems of applied knowledge (psychiatry ( 1 ¥ 7 F U), operational research (*

b—¥ 32 « Y #—+) etc. ) are some examples of this aspect of science.

The second aspect is the application by all members of society, from the
government official to the ordinary citizen, of the special methods of thought and
action that scientists use in their work.

What are these special methods of thinking and acting? First of all, it seems that a
successful scientist is full of curiosity—he wants to find out how and why the universe
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. works. He usually directs his attention towards problems which he notices have no
satisfactory explanation, and his curiosity makes him look for underlying relationships
even if the data available seems to be unconnected. Moreover, he thinks he can
improve the existing conditions, whether of pure or applied knowledge, and enjoys
trying to solve the problems which this involves.

He is a good observer (look at things in right perspective), accurate (as chemical
balance), patient and objective and applies persistent and logical thought to the
observations he makes (as penetrating as a scalpel used in a surgical operation). He
utilizes the facts he observes to the fullest extent. For example, trained observers obtain
a very large amount of information about a star (e.g. distance, mass, velocity, size, etc.)
mainly from the accurate analysis of the simple lines that appear in a spectrum.

He is skeptical—he does not accept statements which are not based on the most
complete evidence available—and therefore rejects authority as the sole basis for truth.
Scientists always check statements and make experiments carefully and objectively to
verify them.

Furthermore, he is not only critical of the work of others, but also of his own,
since he knows that man is least reliable of scientific instruments and that a number of
factors tend to disturb impartial and objective investigation.

Lastly, he is highly imaginative since he often has to look for relationships in data
which are not only complex but also frequently incomplete. Furthermore, he needs
imagination if he wants to make hypotheses of how processes work and how events
take place.

These seem to be some of the ways in which a successful scientist or technologist
thinks and acts.

New Words and Expressions

analytical a. SyHTH instrumental  a. {XE$H)
bilingual a. BEH kinetics n. 1%
catalysis n. {1k nanomaterial n. FHKH Kl
catalyst n. B4, AR operational 4. BEN

critical a. VR, BEEHER) psychiatry n. KRR
extraction n. ZEHX scalpel n. @71, FART]
functional a. RE spectrum n. J6i%, Wig
inorganic a. JoHLHy variable n TR

v

B

£3

3



Unit 1 Basic Chemistry E#{L3¥

Lecture 2 Elements and Basic Inorganic Chemistry

JTRE P E L VERLE

Students' objectives in studying this section are to be able to:

(1) Know the Periodic Table of the Elements and its format;

(2) Understand some basic knowledge about clements;

(3) Learn some basic inorganic chemistry including basic concepts and basic
reactions.

1. The Periodic Table of the Elements T3 @ FHiE o R

Very early in the history of chemistry it was realized that the ever-increasing
knowledge of chemical behavior must be systematized. Many attempted this task, but it
was not until the latter half of the nineteenth century that much success was achieved
when Mendeleev and Meyer independently classified the known elements in order of
increasing atomic weight and observed a significant pattern of chemical behavior. It is
a refinement of this idea that leads to the modern version of the periodic classification
of elements.

Even now new attempts are being made to present the periodic table in a more
convenient form, but by far the most usual way is that usually available in which the
clements are arranged in order of increasing atomic number and are arranged
horizontally in periods (& #0) and vertically in groups (#%). The two special families of
elements consist of 14 rare-earth elements respectively, called Lanthanide series and
Actinide series.

While we must remember that the periodic classification of elements was
achieved by considering the chemical properties of the elements, it is perhaps more
satisfactory to consider that the above classification is a direct consequence of the
electronic structure (& -FH&iE) of atoms which we have leamed in some university
courses such as inorganic chemistry or structural chemistry.

Based on the fact that the electronic structure of the elements is a periodic
function of their atomic numbers, i.e. a pattern exists which repeats itself in a more or
less regular fashion. It would seem reasonable to assume that the other atomic
properties may exhibit periodicity. For example, if we plot the atomic radii (JR-F¥4%)

against their atomic numbers, we can readily see that atomic size is a periodic function
of atomic number (JR T &F5).

Some common elements are given in Table 1, which we can meet very easily in
our research fields.
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Table1 Some Common Elements in the Peﬁodic Table of the Elements

AROEBRBEOR
H hydrogen KE Mn manganese AR
He helium ~Ug s Fe iron=ferrum &
Li lithium v+ s Co cobalt SRR
B boron & o () & Ni nickel =7y
c carbon RE#E Cu copper=cuprum A
N nitrogen BE Zn. zine itk 4]
o oxygen BR# As arsenic e (i) &
F fluorine 77 (BB # Br bromine RE
Na Sodium FrY YA Mo molybdenum 'Y 7TFY
=natrium
Mg magnesium A A Ru ruthenium 7= A
Al .aluminu.m THhI=G A Rb rhodinm LA
si silicon Rl 3% S Pd palladium SRR
P phosphorus LR C: ) Ag silver=argentum 5B
S sulfur R Sn tin=stannum * X (3%)
a chlorine HE I iodine 27 (JKFE
K potassium AU A w tungsten=wolfram $rrRT >
=kaliom
Ca calcium BTG A Pt platinum as
Ti titanium > Au gold=aurum &
\'% vanadium Kty s Hg tercury KER
Cr chromium 7 ah Pt lead=plumbum (s x9)

2. Elements T3

Elements are pure substances that cannot be decomposed into simpler substances
by ordinary chemical changes. At the present time there are 112 or more known
elements. Element 114 or so is man-made and as yet unnamed. Some common
elements that are familiar to you have been given in Table 1. The elements are the
building blocks of matter just as the numerals 0 through 9 are the building blocks for
numbers. To the best of our knowledge, the elements that have been found on the earth

also comprise the entire universe.

Basic Chemistry E&#{L% §
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About 85% of the elements can be found in nature, usually combined with other
elements in minerals and vegetable matter or in substances like water and carbon
dioxide. Copper, silver, gold, and about 20 other elements can be found in highly pure
forms. More than twenty elements are not found in nature; they have been produced in
generally small amounts in nuclear explosions and nuclear research. They are
man-made elements.

Nearly 99% of the earth’s crust is made up of only eight of the 112 elements. The
human body is composed primarily of only six elements. Oxygen is the predominant
element in each, as shown in Table 2.

Table 2 The Elemental Compositions of the Earth's Crust (#15%)
and the Average Human Body

Element in the Earth's Crust, wt% Element in the Average Human Body, wt%

oxygen 46.60 oxygen 65.0
silicon 27.72 carbon 18.0
aluminum 8.13 hydrogen 10.0
iron 5.00 nitrogen 3.0
calcium : 3.53 calcium 20
sodium 2.82 phosphorus 1.0
potassjium 2.59

magnesium 2.09

The names of many of the elements are derived from Latin or Greek terms that usually
describe one of their properties. Chlorine comes from the Greek "chloros", which means
"greenish yellow", the color of chlorine gas. Phosphorus comes from the Greek
"phosphoros", meaning "light bearing", for its "glow in the dark" property. Other elements
are named after people or places such as einsteinium (for Albert Einstein), curium (for
Madame Curie), californium (for the state), and uranium (for the planet Uranus).

Element 112 is the heaviest element in the periodic table, 277 times heavier than
hydrogen. It is produced by a nuclear fusion, when bombarding zinc ions onto a lead target.
As the element already decays after a split second, its existence can only be proved with the
help of extremely fast and sensitive analysis methods. Twenty-one scientists from Germany,
Finland, Russia and Slovakia have been involved in the experiments that led to the
discovery of element 112. In honor of scientist and astronomer Nicolaus Copernicus
(1473—1543), the discovering team suggested the name copernicium with the element
symbol Cp for the new element 112, discovered at the GSI Helmholtzzentrum fiir
Schwerionenforschung (Center for Heavy lon Research) in Darmstadt.

Just as symbols and abbreviations are widely used in medical areas to simplify
communications, chemists used symbols to represent the names of the elements. Each
element has a different symbol made up of one or two letters. If one letter is used, as it
is for 14 of the elements, it is written as a capital: oxygen, O; nitrogen, N. If two letters
are used, only the first is capitalized: calcium, Ca; aluminum, Al. The symbols are
more than just abbreviations since they also stand for certain amounts of the element.
The symbol H means not only hydrogen, but also one atom of hydrogen.
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Most symbols suggest the name of the element they represent, while others seem
unrelated to their English names. The symbols for this latter class of elements are
derived from their early names (often Latin), which were widely used in the past.

When you write symbols that use two letters, it is important that only the first
letter be capitalized. The symbol for nickel is Ni, but if it were written NI it would
indicate a substance formed from the elements nitrogen (N) and iodine (I). No such
substance exists. If CO were written for the element cobalt (Co), it would be taken to
mean carbon monoxide, a toxic gas made form carbon (C) and oxygen (O).

3. Common acids and bases in inorganic chemistry & & 155

(1) Sulfuric acid (FRER)

Sulfuric acid (H;SO,), perhaps the most well-known mineral acid ($LF8), is
widely used in the manufacture of fertilizers (AE#}), textiles (4%47) and paper (#%). It is
itself a fairly cheap chemical, the basic raw material being sulfur (5% #%) or a sulfur
containing ore such as FeS; (pyrites: #i4t.8l). The sulfur is easily converted to
gaseous SO, (sulfur dioxide: “ERILAR . M/KIRERER) which may then be oxidized
to sulfuric acid.

The oxidation of SO, to SO; (sulfur trioxide: =LA H . HI/KARER) is achieved
by means of a heterogeneous catalyst (A — R filif}), such as platinized asbestos (9
&£ or the cheaper vanadium pentoxide (FLE#{k’¥ + ¥ 7 &), This reaction is
exothermic (F&#4).

In practice it is found that the absorption of SO; in water is not very successful,
but it is readily absorbed in sulfuric acid itself to yield pyrosulfuric acid (H,S,0,: 5%
BR. /% 1 2HRER), which can be converted to sulfuric acid by the addition of water.

Sulfuric acid is a strong dibasic acid (—3i#®), ionizing (1 * ¥ 4k) readily in
aqueous solution in two stages, thus it is possible to make two types of salts: acid salts
(B2 1%35) and normal salts (1IE38), such as NaHSOy (sodium bisulfate: Bil/KE + F
U % 5)and Na,SOy (sodium sulfate: FREET kU 7 &),

When reacting with hydrocarbons (7&{L7K %), sulfuric acid can form another
interesting series of acids called sulfonic acids (% / 7 # ¥ B&), such as
HO;S-Ph-CyoH,; and so on. They are monobasic acids (—3i##), and their salts are
important commercially as detergents (¥E75 7).

(2) Hydrochloric acid (/%)

Hydrochloric acid is the name commonly given to a solution of HCl in water,
while pure HCI, which is a gas, is referred to simply as hydrogen chloride (kK ).

HCI can be prepared by the action of sulfuric acid on metal chlorides. It can also
be prepared as a by-product (BlZE#). EI4Y)) from the chlorination of organic

materials, and this source is becoming increasingly important.
CH;CH3+Cl;——CH;CH,CIH+HC]  chloroethane, ethyl chloride: (3E4k = # V)
Apart from undergoing the usual reactions with metals, with the evolution of
hydrogen, hydrochloric acid in concentrated solution can act as a complexing agent (§&
{LA). A very powerful solvent can be made by mixing three parts of concentrated
hydrochloric acid with one part concentrated nitric acid. This mixture, called aqua regia
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(FE7K), owes its high solvent power to the combination of the oxidizing properties of
nitric acid with the complexing properties of the hydrochloric acid. Metallic gold, for
example, which is insoluble in either of the acids alone, dissolves in aqua regia to form
the complex anion (& 1 # ¥, & 1 * ¥)[AuCL]".

(3) Nitric acid (FE8)

Nitric acid, like HCl, can be simply prepared by the action of sulfuric acid on metal
nitrates, but the bulk of commercial nitric acid is obtained from the hydrolysis (J7K 4f#)
of NO,, which is in turn obtained by the oxidation of ammonia (7 ¥ & = 7),

The high temperature oxidation of ammonia can yield two main products,
nitrogen or nitric oxide (NO). NO reacts readily with metals and metal oxides to form
nitrates which are generally soluble (¥ %) than salts of other acids.

In the majority of its reactions, nitric acid acts as an oxidizing agent (&{t.5l). In

its reactions with metals, the gaseous product evolved is not usually hydrogen, but
oxides of nitrogen. For example, a fairly non-reactive (A~ 5 1) metal like copper
will reduce nitric acid to NO; or NO, depending on whether the concentration of the
acid used is high or low.

(4) Sodium carbonate (REEF + U 7 &)

Sodium carbonate is probably the most important alkali metal salt in industrial
chemistry, being the cheapest available alkali. It is widely used in the manufacture of,
for example, soap, glass and sodium hydroxide. The main method of manufacture is by
the Solvay process, where CO; gas is bubbled through a solution of ammoniacal brine
(&rhrK. T ¥EZT HAJK) to form sodium bicarbonate (EREET + U 7 4)
which can readily be converted by heating to sodium carbonate.

Carbonic acid is a weak acid which does not ionize to any appreciable extent,
However, the presence of NH; (7 ~ ¥ = 7), which can combine with protons to form

NH," ion, greatly increases the ionization of the weak acid. The bicarbonate is converted to
carbonate simply by heating, at the same time yielding CO, which can be recycied.

(5) Sodium hydroxide (KEE{L. 7 F Y 7 &)

Sodium hydroxide is manufactured either by a causticizing (¥ #£4L) process or by
electrolysis (EE##). The electrolysis method involves the electrolysis of brine (37K « #§
7K) solution using a carbon anode and mercury cathode. Chlorine is evolved at the
anode, and the sodium generated at the cathode dissolves in the mercury to form an
amalgam (7 ¥V # &) which can then react with water in a separate cell to form
sodium hydroxide solution.

(6) Some oxides (E&4L.H)

monoxide —EBLIE R CLO  oxide BULSHE NO
dioxide “RLIER ClO, sesquioxide ="EMLEE N0,
trioxide =ML E CLO¢ dioxide s E NO;

hemjheptoxide LEL"IHE CLO, tetraoxide IR N0,
tetraoxide WIERILIEE  ClO, pentoxide FHEMLEE N>O;
monoxide —BRUER N,O peroxide IBEELEE NO;
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New Words and Expressions

Basic Chemistry ZE&E{k3 9

Abbreviation n W5 hydrochloric acid R
actinide n PIRTLE hydrolysis n. KR
alkali n. B ionize v.
amalgam n. RKF lanthanide n MALE
anion n BT mineral acid ToHLER
anode n. BHAR monobasic acid — TG
aqueous a. 7KK nitric acid THER
by-product n. BIrE® normal salt EER
cathode n. Btk oxidizing agent HALF
causticizing n. HtEdk periodic a. M
chlorination n 84 platinized asbestos HHAW
classify v. % refinement n. &
complexing agent n. K& reactive a. RN,
dibasic acid T RN
electrolysis n. Hf# soluble a. FI¥EH
evolution n. AL sulfuric acid ik
exothermic a. TR to the best of our knowledge ~ #E FA 14N
heterogeneous a ZAHH), EEAEE detergent n. YR
hydrocarbon n. & -

Lecture 3 Basic Organic Chemistry Ef#H L3¢

Students' objectives in studying this section is to be able to:

(1) Know the basic nomenclature rules of main organic compounds;
(2) Remember the names of some basic organic compounds;

(3) Distinguish the difference between common nomenclature and ITUPAC

nomenclature.

The nomenclature of main organic compounds

The countless organic compounds can be divided into many series, such as

alkanes (X ¥ ¥ &%, /Y7 7 1 ¥ paraffins), unsaturated compounds (A RLFIE

and ethers (7 )V 2 —J & = — 7 Jl) aldehydes and ketones (7 /v 7 & F & & } ),
phenols (7 1 / —JV), aromatic hydrocarbons (&K # 4K %) and so on. In this
section the nomenclature rules (#ir % #iHlJ) for them are introduced series by series.

(1) Alkanes

The straight chain (E #) alkanes constitute a family of hydrocarbons in which a

#1), cyclic hydrocarbons (GBRHEIIKEK), carboxylic acids (% —* ¥ E), alcohols
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chain of —CH,— groups is terminated at both ends by a hydrogen. They have the
general formula H—(CH;),—H or C,Hz,+2. Such a family of compounds, which differ
from each other by the number of CH, groups in the chain, is called an homologous
series ([F#%%1). The individual members of the family are known as homologs ([
{&) of one another. Straight chain alkanes are called normal (IE#) alkanes, or simply
n-alkanes, to distinguish them from the branched (£743 #* #) alkanes, which will be
introduced briefly later.

Alkanes are sometimes called saturated hydrocarbons (#F14L.7K %), This term
means that the carbon skeleton is "saturated" with hydrogen. That is, in addition to its
bonds (%) to other carbons, each carbon bonds to enough hydrogens to give a
maximum covalence (3L JHF1fi) of 4. In saturated hydrocarbons, there are only
single bonds (#.%45%). Later, the unsaturated hydrocarbons will be introduced, which
contain double or triple C-C bonds (—~E# & & ZHFEE5H). The normal alkanes are
named according to the number of carbon atoms in the chain, as shown in Table 1.

Table 1 The Names for n-alkanes

Series No. Molecular Formula English Name Japanese Name
1 ) CH,4 methane x>
2 CH;CH3; ethane EE A
3 CH,CH,CH; propane E- A
4 CH;(CH,),CH; butane A
5 CHy(CHa):CH; pentane , Ny
6 CH3(CH,)4CH3 hexane ~Ex Y
7 CH3(CHz)sCH; heptane ~7y
8 CH;(CHy)¢CH; octane IR %
9 CH3(CH;),CH; nonane ¥
10 CH;(CH,):CH, decane 4
11 CH3(CH;)oCH; undecane y A
12 CH;3(CH3)10CH; dodecane FFa v
13 CH3(CHy),CH; tridecane Py FH
14 CHy(CHy)1,CHs tetradecane FrITHY
15 CH3(CH;)3CH; pentadecane Ny FhHY
20 CH;3(CH;),5CH; eicosane x4 a2H
21 CH3(CH)15CH; heneicosane NP4 2Ry
22 CH3(CH.)20CH; docosane Foay s
30 CH;(CH1)eCH3 triacontane RS s
40 CH3(CH,)30CHj3 tetracontane Fhrgary s

These names derive from the generic name alkane with the alk-stem replaced by a
stem characteristic of the number of carbons in the chain. The first four members of
this series, methane, ethane, propane, and butane, are names assigned to compounds
before organic chemistry evolved as an organized science. The remaining names derive
quite obviously from Greek numbers. We should memorize the names of the n-akanes
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up through dodecane and know the logical procedure for developing names for larger

compounds.
A radical (3&. JRFIH) is a portion of a molecule in which a collection of atoms is

considered together as a unit. For purposes of naming more complicated compounds, it is
necessary to have names for such radicals. A radical name is derived by replacing the -ane
of the corresponding alkane name by the suffix (BB #) -yl, as shown in Table 2.

Table2 Some Examples of the Radicals of Alkanes

CH;— methyl AN CH;—OH methyl alcohol AFRT I
CH;CH,— ethyl =40 . CH3CH;—<Cl1 ethyl chloride k= #3
CH;CH,CH;— propyl S CH,CH,CH;—Br propyl bromide S Feen

Except for methane, ethane and propane, there are other isomeric compounds (F1#
4K) having exactly the same formula (47 F3\) with lager normal alkanes. Isomers are
defined as compounds that have identical formulas but differ in the nature or sequence of

bonding of their atoms or in the arrangement of their atoms in space. For example, one of ...

the C,H;o isomers is butane, discussed previously. The other is isobutane.

In general, isomers have different physical and chemical properties. Of the two
C4H,( isomers, isobutane has lower melting point and boiling point. The lower boiling
point reflects the branched chain structure of isobutane, which provides less effective
contact area for Van der Waals attraction.

The iso- prefix (¥EFHEE) serves to name one of the isomers, and another prefix
neo- provides an additional name. However, these are the only special prefixes in
general use. With more carbons the number of possible isomers increases rapidly.
There are 5 possible hexanes, 9 heptanes, 75 decanes and 366319 eicosanes. With
larger alkanes the number of possible isomers becomes astronomic. Clearly, in this
situation an essential requirement is a systematic nomenclature so that each different
compound may be assigned an unambiguous name.

This problem was solved by an international group of chemists that met in Geneva
as part of the first meeting of the International Union of Pure and Applied Chemistry.
The Geneva rules of 1892 are being continuously updated and extended as new kinds of
compounds are discovered. They now comprise a consistent and detailed nomenclature
known as the JTUPAC rules. The TUPAC system of alkane nomenclature is based on the
simple fundamental principle of considering all compounds to be derivatives of the
longest single carbon chain present in the compound. The modifying prefixes, di-, tri-,
tetra-, penta-, hexa-, and so on, are used to indicate multiple identical appendages.

Several common radicals have special names that must be memorized:

isopropyl isobutyl sec-butyl tert-butyl neopentyl
H; Hs
H, H; ?Hs HiC—0— H3C-—I——CH2—
H3C—C— H;C—C—CHy— H3C—CH;—C—
3 i 3 H 2 3 2 0 CH3 H3

fY7aen [ J7+0% I TFIL moT FI Z—FNF

(2) Unsaturated hydrocarbon compounds




