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Unit1 Chemistry

Chemistry is the science concerned with the composition, structure, and properties of matter,
as well as the changes it undergoes during chemical reactions.

Chemistry is the study of interactions of chemical substances with one another and energy.

3

Fig. 1-1 Chemistry experiment.

Chemistry (from Arabic “¢L—=S", latinized “chem (kéme)”, meaning “value”) is the science of
matter and the changes it undergoes. The science of matter is also addressed by physics, but while
physics takes a more general and fundamental approach, chemistry is more specialized, being
concerned with the composition, behavior, structure, and properties of matter, as well as the
changes it undergoes during chemical reactions. It is a physical science for studies of various atoms,
molecules, crystals and other aggregates of matter whether in isolation or combination, which
incorporates the concepts of energy and entropy in relation to the spontaneity of chemical
processes.

Disciplines within chemistry are traditionally grouped by the type of matter being studied or
the kind of study. These include inorganic chemistry, the study of inorganic matter; organic
chemistry, the study of organic matter; biochemistry, the study of substances found in biological
organisms; physical chemistry, the energy related studies of chemical systems at macro, molecular
and submolecular scales; analytical chemistry, the analysis of material samples to gain an
understanding of their chemical composition and structure. Many more specialized disciplines have
emerged in recent years, e.g. neurochemistry—the chemical study of the nervous system.

Chemistry is the scientific study of interaction of chemical substances that are constituted of
atoms or the subatomic particles: protons, electrons and neutrons. Atoms combine to produce
molecules or crystals. Chemistry is often called “the central science” because it connects the other
natural sciences such as astronomy, physics, material science, biology, and geology.

The genesis of chemistry can be traced to certain practices, known as alchemy, which had been
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practiced for several millennia in various parts of the world, particularly the Middle East.

The structure of objects we commonly use and the properties of the matter we commonly
interact with, are a consequence of the properties of chemical substances and their interactions. For
example, steel is harder than iron because its atoms are bound together in a more rigid crystalline
lattice; wood burns or undergoes rapid oxidation because it can react spontancously with oxygen in
a chemical reaction above a certain temperature; sugar and salt dissolve in water because their
molecular/ionic properties are such that dissolution is preferred under the ambient conditions.

The transformations that are studied in chemistry are a result of interaction either between
different chemical substances or between matter and energy. Traditional chemistry involves study of
interactions between substances in a chemistry laboratory using various forms of laboratory
glassware.

Ancient Egyptians pioneered the art of synthetic “wet” chemistry up to 4,000 years ago. By
1,000 BC ancient civilizations were using technologies that formed the basis of the various
branches of chemistry such as: extracting metal from their ores, making pottery and glazes,
fermenting beer and wine, making pigments for cosmetics and painting, extracting chemicals from
plants for medicine and perfume, making cheese, dying cloth, tanning leather, rendering fat into
soap, making glass, and making alloys like bronze.

The genesis of chemistry can be traced to the widely observed phenomenon of burning that led
to metallurgy—the art and science of processing ores to get metals (e.g. metallurgy in ancient India).
The greed for gold led to the discovery of the process for its purification, even though the
underlying principles were not well understood—it was thought to be a transformation rather than
purification. Many scholars in those days thought it reasonable to believe that there exist means for
transforming cheaper (base) metals into gold. This gave way to alchemy and the search for the
Philosopher’s Stone which was believed to bring about such a transformation by mere touch.

Greek atomism dates back to 440 BC, as what might be indicated by the book De Rerum
Natura (The Nature of Things) written by the Roman Lucretius in 50 BC. Much of the early
development of purification methods is described by Pliny the Elder in his Naturalis Historia.

A tentative outline is as follows:

1. Egyptian alchemy (3,000 BCE - 400 BCE), formulate early “element” theories such as the
Ogdoad.

2. Greek alchemy (332 BCE — 642 CE), the Greek king Alexander the Great conquers Egypt
and founds Alexandria, having the world’s largest library, where scholars and wise men gather to
study.

3. Arab alchemy (642 CE - 1200), the Muslim conquest of Egypt (primarily Alexandria);
development of the Scientific Method by Alhazen and Jabir ibn Hayyan revolutionise the field of
Chemistry.

4. The House of Wisdom (Arabic: <s—s 4Sall; Bait al-Hikma), Al-Andalus (Arabic: oY1)
and Alexandria (Arabic: 4,3 Y') become the world leading institutions where scientists of all

religious and ethnic backgrounds worked together in harmony expanding the reaches of Chemistry
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in a time known as the Islamic Golden Age.

5. Jabir ibn Hayyan, al-Kindi, al-Razi, al-Biruni and Alhazen continue to dominate the field of
Chemistry, mastering it and expanding the boundaries of knowledge and experimentation.

6. European alchemy (1300 — present), Pseudo-Geber builds on Arabic chemistry.

7. Chemistry (1661), Boyle writes his classic chemistry text The Sceptical Chymist.

8. Chemistry (1787), Lavoisier writes his classic Elements of Chemistry.

9. Chemistry (1803), Dalton publishes his Atomic Theory.

The earliest pioneers of Chemistry, and inventors of the modern scientific method, were
medieval Arab and Persian scholars. They introduced precise observation and controlled
experimentation into the field and discovered numerous Chemical substances.

*Chemistry as a science was almost created by the Muslims; for in this field, where the Greeks
(so far as we know) were confined to industrial experience and vague hypothesis, the Saracens
introduced precise observation, controlled experiment, and careful records. They invented and
named the alembic (al-anbiq), chemically analyzed innumerable substances, composed lapidaries,
distinguished alkalis and acids, investigated their affinities, studied and manufactured hundreds of
drugs. Alchemy, which the Muslims inherited from Egypt, contributed to chemistry by a thousand
incidental discoveries, and by its method, which was the most scientific of all medieval operations.”

The most influential Muslim chemists were Geber, al-Kindi, al-Razi, al-Biruni and Alhazen.
The works of Geber became more widely known in Europe through Latin translations by a
pseudo-Geber in 14th century Spain, who also wrote some of his own books under the pen name
“Geber”. The contribution of Indian alchemists and metallurgists in the development of chemistry
was also quite significant.

The emergence of chemistry in Europe was primarily due to the recurrent incidence of the
plague and blights there during the so called Dark Ages. This gave rise to a need for medicines. It
was thought that there exists a universal medicine called the Elixir of Life that can cure all diseases,
but like the Philosopher’s Stone, it was never found.

For some practitioners, alchemy was an intellectual pursuit, over time, they got better at it.
Paracelsus (1493-1541), for example, rejected the 4-elemental theory and with only a vague
understanding of his chemicals and medicines, formed a hybrid of alchemy and science in what was
to be called iatrochemistry. Similarly, the influences of philosophers such as Sir Francis Bacon
(1561-1626) and René Descartes (1596—-1650), who demanded more rigor in mathematics and in
removing bias from scientific observations, led to a scientific revolution. In chemistry, this began
with Robert Boyle (1627-1691), who came up with an equation known as Boyle’s Law about the
characteristics of gaseous state. Chemistry indeed came of age when Antoine Lavoisier
(1743—-1794), developed the theory of Conservation of mass in 1783; and the development of the
Atomic Theory by John Dalton around 1800. The Law of Conservation of Mass resulted in the
reformulation of chemistry based on this law and the oxygen theory of combustion, which was
largely based on the work of Lavoisier. Lavoisier’s fundamental contributions to chemistry were a

result of a conscious effort to fit all experiments into the framework of a single theory. He
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established the consistent use of the chemical balance, used oxygen to overthrow the phlogiston
theory, and developed a new system of chemical nomenclature and made contribution to the modern
metric system. Lavoisier also worked to translate the archaic and technical language of chemistry
into something that could be easily understood by the largely uneducated masses, leading to an
increased public interest in chemistry. All these advances in chemistry led to what is usually called
the chemical revolution. The contributions of Lavoisier led to what is now called modern
chemistry—the chemistry that is studied in educational institutions all over the world. It is because
of these and other contributions that Antoine Lavoisier is often celebrated as the “Father of Modern
Chemistry”. The later discovery of Friedrich Wohler that many natural substances, organic
compounds, can indeed be synthesized in a chemistry laboratory also helped the modern chemistry
to mature from its infancy.

The discovery of the chemical elements has a long history from the days of alchemy and
culminating in the discovery of the periodic table of the chemical elements by Dmitri Mendeleev
(1834-1907) and later discoveries of some synthetic elements.

New words

property ['propatr] n. FtE, JEYE; W=, #™; BrARG [RER
molecule ['molikju:l] n. 40 ; fl/hEk
molecular [ma'lekjala(r)] adj. 43 F 1, HorF4Iam
submolecular [sabma'lekjula] adj. W7 1)
supermolecular [su:parma'lekjula] adj. #i5r§1
crystal ['kristl] n. 458 (IR ); &K ZKSS: 7K 51 5
adj. KALHY; KEER; BHE; HREMN
aggregates ['‘®grigit] n. it BEM; Bk SR (0] R EE L ok B B S )
adj. BAH, Bt BAEM; H)EREAA W
ve. flESRHE, %, itk

incorporate [mn'ko>:parert] vr. RS HE]; & HiRG; kL

vi. 0% ; Wil /I3 BRA
entropy [‘entrap1] n. 4, FXf5 Bk, ks
spontaneity [sponta'neratt] n. [ %Pk, AREKAE: AXfTH (frah)
organic [>:'genik] adj. AUl (1K) BY; AHLUN, RGN FER; WAL
inorganic [.1n>:'genik] adj. [{L1TCOLEY; CALL MM ; KAEWR; &
organism [>:ganizam] n. AP K, WUEY: AUUAR, AHLAZ
biochemistry [barau'kemistr] n. L1 BV ERor
analytical [.@na'lttikl] adj. 7879, Zr#rikid; & Ty
neurochemistry [njuara'kemistri] n. il £: 1k ¢
subatomic [sAba'tomik] adj. /D TIRFH), WIEFH, WEFH
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particle ['pa:tikl] n. TR, WOk, (80, R, AL H/hE; /DA
proton ['prauton] n. [¥)] T
electron [1'lektron] n. HL ¥
neutron ['njuztron] n. [#] 1
geoglogy [d31'vladzr] n. M%7 ; (FEHLDKCHY ) MBS A0 ; R~ A9 & AE
genesis ['d3enasis] n. <iE>BHG, IR, &4t
practice ['praektis] n. #5>J; SCEk; (BEABRITA ) k%5 6]
vi. JAT; WE AT, %5 L
vt SEAT, SEER; Polk; 2R3 U HL#HAT
alchemy ['zlkemi] n. Hr&AR; KFAR; (BESHY. WEMN) BH (Fk); (9. 9
JRE ) #REL
millennium [m1'lentam] n. — T4F; TAEH]; THE4F
HHIE L millennia or millenniums
rigid ['r1d31d] adj. JUREHY; ERAEAY; (AL, 73k%F ) FEARAY; WIBERY, mlE Y
crystalline ['kristalain] adj. KFhiY; RUKARRY; 4580 ; TEHAY
n. dikatE, 4idE
lattice ['leetis] n. #& FHEZR; H{A& FHEA AT
wt, freeee il A% AR s A 8 o BRI
oxidation [,oks1'dexfn] n. 1k
dissolve [dr'zolv] ve. % {Hik
vi. i, Rifk, WAk, o
dissolution [ d1sa'luifn] n. &%, Rifk
ionic [ar'pnik] adj. & 11
ambient ['@mbrant] adj. JEFH), LFEHK; HEE
preferred [pri'fad] adj. B ik
glassware ['gla:swea] n. #7458 HIS
pioneer [pata'n1a] n. #ivii#; FFAH; JWHE; GIHEA
ve. TR, FFR; M (oeeeee ) Je8E; 1218
synthetic [sin'Oetik] adj. &M ; AER; BUR, BHAG
n. FY; A WEYE; A RGR
“wet” chemistry i ft.%% (It is a form of analytical chemistry that uses classical methods such
as observation to analyze materials. It is called wet chemistry since most analyzing is done in the

liquid phase. Wet chemistry is also called bench chemistry since many tests are performed at lab

benches. )
pottery ['poter1] n. Fi#%; PI#F (1EHh ); <A W>PY4EE; M#FdlE (K)
glaze [glerz] vr. 2303, FRIT; bk
vi. ( HE) BT8R oM A5 0
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n. FRARFRM; RiOEH; OEH i, ( RAERLS ERMOLEER ) #HK
ferment [fa'ment] n. [, BER; KMEA; BEzh, zhil
vt. & vi. HRME; H5%Z); B
pigment ['pigmant] n. HUR, R [E1BR
VL. é‘ﬁ """ ﬁﬁ;
vi. P
cosmetic [koz'mettk] n. flilcdh; &M, ZHE; Fifdh; EEFER
adj. LB ; KAER; RATTHA; R
perfume ['p3:fjurm] n. FH/K; Fh; FHEK, FX
vt. fi--ee WA BEERAKT
tan [ten] n. BHWE, HEG; BB, S3RA; WRNKEO
ve. () WERcAR#E; B (%)
vi. BERARHE (;
adj. WHWEH, HERAK; RN
leather ['leda] n. 2, FZ#E; B2l
vi. BT, Wi, 5 LR
adj. W, B, BRI
render ['renda(r)] v. BUflfi, #EM; 4 TF; #BA; Kk
alloy ['®b1]n. 54 (F&1M) &R, BRH; KA
v. 5%, BE (&R); dled; & R LA, (&) WA A
bronze [bronz] n. FHl; HHM; #ME; FEHIAM
adj. WL ER, HHEN; FHH M
vi. BEHWT
vi. BIEHA, R
metallurgy [ma'teladz1] n. 164, HE¥, HEAR
metallurgist [ma'tzladzist] n. &K, HEFE
Philosopher’s Stone 574 {1, Mik4
atomism ['@tamizam] n. R Fif, JEFill
Ogdoad ['vgdavaed] n. /\JCH
vague [veig] adj. BMIRY; (A L) AEREN; (FASTURE ) S0, BRIKMH
n. BHIAERS
alembic [2'lemb1k] n. Z&1# 4%
lapidary ['l®pidar1] adj. EAM; FEUHER ; ZI7EA B8 FREW
n. FAE, EABEZ 00
alkalis ['®lkalis] n. W2 JE; W (alkali /)25 15 &%)
affinity [a'fmnatr] n. BYUIKH; Kl; KBl LM
recurrent [ri'karant] adj. &AW, M, FMIMEN, S8 k40; BIHE; TEHM
incidence ['mnsidons] n. R4, EWLE; [BCH, #E: WA, AfA
plague [pleig] n. #%E; KFE, ks
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vt EYWIRRE ; [, U
blight [blazt] n. FJZER; HKHE; HIK; HiR
ve. %, R, ME; BF
vi. FBANZERG; A, Rk
Elixir of Life n. fili/}
hybrid [‘'hatbrid] n. 248l ; 243 EmiE; RS BAA
adj. R0 ; AT
iatrochemistry [an@tra'kemistr1] n. fb2777 ik
rigor ['riga] n. UA%; FCRE; UM
bias ['baras] n. fi UL W%, Z4f; fHim; R
ve. fEBIE T AW, 2w, kT
adj. FEUH; BHEY, SRR RHEREY
adv. &L, R XA
gaseous ['g@s1as] adj. “TAEM, TN ; LK
conservation [konsa'verfn] n. f£7F; {#17; BERIRTY; X HRIFEEM P
conservation of mass i it <F {H i
conservation of energy HE it 57 16 & 1
combustion [kam'bastfan] n. ke, K Ak
overthrow [auva'6rau] ve. T8, #ERH; /MR, AEAR; (ERCHR; HEfE
n. HEBH, TT8; 4784; faufal
phlogiston [flo'd3iston] n. ( [HEF AGTAAAELE Tl B i ) #E, HRE
nomenclature [na'menklatfa] n. RGfAE; e IR ); (¥R Rif; LI1&4K
metric ['metrik] adj. AKElH, AH0, FERE; EE0; BEEK
n. FERRARUE; [BUFIER; WEE, B30, w8
archaic [at'kertk] adj. fCHY; TR, BRIHAY; HEE: HEEEH
synthesize ['sm6asaiz] ve. £if; AT EM; GEEYFESEAYER) G (Fw)
a1
vi. il SR

culminate ['kalmrnert] ve. & vi. ik F| 5



