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Chapter 1

Introduction
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»QOrganic Chemistry: The science that studies the composition, structure,
properties, and laws of organic transformations(#F 2 A ik &4 &9 48 m%,
. M, MRARETARAENIF),
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BHHLE organic chemistry
Organ (n) ##3; B&E; T; Organic = Organ + EFWEREE ic

AIWE PXRRIIER

“BHVIZE" originates from Japanese “"B#tE" (WS EMH L, yuki kagaku )
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18284F, EEWUFERYES) (F. Wohler) HFERER (M) HIERE (B .

O
60 °C ¢
NH4,OCN ———— H,N” "NH,

RENATAR, ARIUFELZRIEFRFEREEREN, BRBT XHYMNE

NI RIR, IETESDL (Vitalism) BIER, BHRTANHENE, %m ﬁ“'

18454F, BEEBNHLFERFATIA (H. Kolbe) M ML (KR, FiE, &
SEIKIERER) FI T A AEV IR EES

K, BEYS

C+Cl,— CCl, > CI,CCOOH ~—%» CH,COOH
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@) 747147 1.1 The Importance of Organic Chemistry

**QOrganic chemistry is closely related to people's lives (our world is an organic world).

mClothing, food, shelter, transportation, pharmaceuticals, pesticides, fragrances,
materials, biological processes...

**Roles of Organic Chemistry in National Economy and
Disciplinary Development

BRE, MEREMGERE. Tk, RlF5E, B5F0L
FEERVINXHR.
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*The vast majority of drug molecules are organic compounds.
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@) 741147 1.2 structural characteristics of organic compounds

Tciéﬂﬁﬁ: C(LEB) . H (aX%Z%H) . 0, N, P, S (%D
B HEYRHRSHLEYEETEY (BX8BIR2ERK, MEMR)

tis JT.3% J& 3% (Periodic Table of (Chemical) Elements) "

Hytroyen Helium
1.0079 _ 4.0026
GRE 4 WER | WLeRm | WEiE | MELE | ELE 5 W6 |7 & 8 & |9 & (10 R
Be alkalimetals kafiieeanh velss| lanthanide | actinicles |ransition metal B H N 0 3 Ne
Lithium |Beryiliam s— Boron | Carhon | Nitrogen| Oxyoen | Fluorine | Neen
6.941 g.012 Eﬁﬁﬁ REE E£E "= Sk 10.811 | 12.011 | 14007 | 15098 | 18988 | 20.17
1 alj 12 % DY MMM | eimeal  (RSeISe ersias 13 |14 B |16 |17 E |18 &
Mg % BmE BB SETE REUTK Al Si P § H Ar
S__lﬁl |Magnesium pas  fmnid  sofid  CHEASSHE  pEEOW Aluminum Silicon |Phosphorus| Sulfur | Chilorine | Argon
22.939 22.989 25.952 28.805 30.974 A2.06 35 453 39.94
39"*%11’{ 20 485 | 21 B (22 k| 23 1 |24 %5 |25 & |26 $k |27 &5 |28 | 20 §i | 30 (31 5 |32 4 (33 #H |34 4|35 H |38 T
Ca Sc L[] v Cr Mn Fe Co Ni Cu In Ga Ge As Se Br Kr
I'malm Calcium | Scandium | Titanium | Uanadium (@hromium Manganese| Iron Cohalt | Nickel | Copper Iinc | Gallmm (Germanium| Arsenic |Selenium| Bromine | Krypion
39.088 40.08 44 958 478 50.8415 51.986 54 838 55.84 58.8332 58.69 63.54 65.38 B9.T2 T2.5 74.822 TH.9 72904 838
37 ¥ (38 B | 30 §7 |40 $H| 41 4R |42 38|43 5 |44 §7 |45 £ |46 | 47 SR |48 19|49 M |50 45 (51 % |52 W5 |53 M (54 T
Rb St Y I Nb Mo Tc Ru Rh Pd Ag Cd In sn sh Te | Ne
Rubidium |Strontium|  Yurium | Zirconium| Niebium Molybdenum Technetium{Ruthenium Rhodium (Palladium| Silver |Gadmium| Indium | Tin  |(Antimony (Tellurium| loding | Xenon
85467 | 8762 BB.908 9122 | 925084 | 9594 99 101.07 | 102906 | 10842 | 107868 | 11241 | 11482 | 1186 1217 | 1276 | 126905 | 131.3
65 £& |55 4| |71 ¥ |72 €| 73 48 |74 $89 |75 K |76 |77 Kk |78 $H| 79 £ 80:581%‘33’2%83%84%85{{86%
- Bs Ba Lu Hi Ta W Re Ds Ir Pt Ru Hg Ph Bi Po At Rn
Cesium | Barium | | Lutetium | Hafmium | Tantalum |Tungsten | Rhenium | OSmium | Iridism | Platinum | Gold | Mercury nm lead | Bismuth (Polonium| Astatine | Radon
_132-.9@5 137 .33 174.86 178.4 180.947 183.8 186.207 190.2 192.2 195.08 196967 200.5 207.2 208.98 [209) (201) (222)
87 _%}5' 88 & | | 103 €5 104 £5| 105 £t | 106 £=| 107 £F | 108 52| 109 £ | 110 €| 111 §&| 112 113 114 115 | 116 117 118
b | Ra ir | R | Db | Sy | Bh | Hs | Mt | Ds | RS | yyy | gur | Gam | Wup | Owh | Uus | Uuo
Franciom | Radium | |LawrenciumRutherfardivm| Dubnium Fnaluulum Bohrium | Hassium |Meitmeriwm |Darmstadtiun namuenh:w _
| (223) | 228.03 280 (261) (262) (263) (262) {265) (268) (269) (272) (277) 284 | 289 288 292 unknow | 204
57 §f | 58 45 | 50 & | 60 $ | 61 £ | 62 ¥ | 63 H | 64 4L | 65 & | 66 HhH | 67 £h | 68 H | 69 & | 70 B
i ?t 1a ce Pr Nd Pm Sm En Th Dy Ho kr m Yb
Lanthanide | yananum | Cerium  |Praseodymiom Neodymium | Promethium| Samarium | Europium | Gadolinium| Terbium |Dysprosium| Holmium | Erbium | Thulim | Yuterbium
(Lanmnaneld) | - 498 605 140.12 140.91 144.2 147 1504 151.96 157.25 158.93 1625 164.93 167.2 168.043 173.0
B9 1 | oo & | 91 £ | 92 &4 93 & | 94 #F | 95 #E o5 B | 97 &5 | o3 #] | 99 & | 100 & | 101 €] | 102 £
W A& Ac Th Pa u Np Pu Am Cm Bk (Hi Es Fm M No
Actinicles | Ectinium Therium | Protactinium |  Uramium | Nepumimm | Plutonivm | Americium Curium Berkelium | Californium | Eimsteinium | Fermium | Mendelevium |  Nobelim
227.03 232.04 231.04 238.03 237.05 244 243 24T 247 251 254 257 258 255
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@) 741447 1.2 structural characteristics of organic compounds

1. Carbon typically forms covalent bonds with other atoms
BEE UL MMBSHERFHE
C—N C-0 C—Cl C—lI
C—-S C—F C—Br Cals
2, Carbon has a strong ability to form bonds with itself

BSAERESSE (R, WE =8, AERAFE)
C-C C=C C=C

3. Isomers Er 7% ( (EFHERNSY TN, EUFLEMRAR) LREFE.

XEBUIFEES, HEHERWFERE
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The bonding capabilities of carbon atom l|eads to the two obvious
characteristics of organic molecules-structural complexity and chemical

diversity.
1. The Structural Complexity of Organic Molecules

A. Electronegativity and covalent bonding

LI EN=1.0
C EN=2.5
—-'A sA F EN=4.0

1A 2A
(1 &

(13y (14 (15X ST B
Group

Therefore, carbon shares electrons to attain a filled outer (valence) level,
bonding covalently in all its elemental forms and compounds.
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B. Bond properties, catenation, and molecular shape

The number and strength of carbon’s bonds lead to the property of
catenation, the ability to bond to itself, which allows it to form a multitude
of compounds.

€ Through the process of arbital hybridization, carbon forms four bonds
In virtually all its compounds.

& The small size of carbon allows close approach to another atom and
thus greater orbital overlap, so carbon forms relatively short, strong
bonds.

&€ The C-C bond is short enough to allow side-to-side overlap of half-filled,
unhybridized p orbitals and the formation of multiple bonds.



\\\\\\\\\\\\\\\\\\\\\\\\\\

Although silicon and several other elements also catenate, none can
form chains as stable as those of carbon.

Why are the silanes and other analogous compounds less stable

than the corresponding hydrocarbons?

1) The Si-Si bond is slightly weaker than the C-C bond, and Si-H bonds
are weaker than C-H bonds.

Si-Si bond C-C bond
(340kJ/mol) (368kJ/mol)
Si-H bond C-H bond
(393kJ/mol) (435kJ/mol)

Ethane (CH;-CH;) is stable in water. Disilane (SiH;SiH;) breaks down in
water and ignites spontaneously in air.
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This incredible diversity is also founded on atomic and bonding
behavior and is due to three interrelated factors.

1) Bonding to heteroatoms

Many organic compounds contain heteroatoms, atoms other than C or
H. The common heteroatoms are N, O, S, P, and the halogens.

CH,SH
N
NZ o)
™ 7/ \
N N H3C0 OCH=CC|2
H CH,OH

=04 1,2-=FE AN ER
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2) Electron density and reactivity

Most reactions start- that is, a new bond begins to form- when a region
of high electron density on one molecule meets a region of low
electron density on another.

® The C-C bond
The EN values are equal

The bond is nonpolar. C-C bonds are unreactive.

® The C-H bond
The EN values of H (2.1) and C (2.5), AEN =0.4

The bond is short (109pm) and very nearly nonpolar.

C-H bonds are largely unreactive.
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® The C-O bond
AEN =1.0

The bond is highly polar, with the O end electron rich and the C end
electron poor.

The C-O bond is reactive.

© Bonds to other heteroatoms

Even when a carbon-heteroatom bond has a small AEN, such as that
for C-Br (AEN =0.3), or none at all, as for C-S (AEN =0), the
heteroatoms are generally large.

So their bonds to carbon are long, weak, and thus reactive.
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3) Importance of functional groups

The structural features that place compounds into
their particular classifications are called functional

groups.

Each has its own pattern of reactivity.

Family General Functional Specific example
formula group  Formula IUPAC name
Alkene R,C = CR, -C=C- CH, =CH, Ethene
Alkyne RC=CR -C=C- HC =CH Ethyne
Aromatic
hydrocarbon ArH @ @ Benzell
Haloalkane RX -X CH;Cl | Chloromethane
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Family General Functional Specific example
formula  group Formula  IUPAC name
Alcohol ROH -OH CH,OH Methanol
Ether R-O0-R -O- H,C- O — CH; | Methoxymethane
O (o)
Aldehyde c||) | I Methanal
R—C—H —C—H H—C—H
O o)
Ketone i ol [ Propanone
S H,C—C—CH,
' O o (0 _ _
Carquyllc I | [ Ethanoic acid
acid R—C—OH —C—OH H;C—C—OH
Amine RNH, -NH, CH;NH, Methylamine
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2.The Chemical Diversity of Organic Molecules

Specific example

General Functional

Family
formula group Formula  IUPAC name
Nitrile RC=N —-C=N CH,CN Ethanenitrile
O
Est ? c||) [ Methyl
s R—C—OR | —C—OR | HC—=C—OCH; | othanoate
o 0 7 Ethanoy
i I I I LUy
Acylhalide | gr_c—c1| —c—cI | Hsc—C—cl | chloride
: 0] (0] :
Amide I i I Ethanamide
R_C_NH2 —C—NH2 H3C_C_NH2
: : 0 0 Ethanoic
Acid anhydride ﬁ I c”) ﬁ (u) I hvdrid
R—C—0—C—R|—C—0—C—HsC—C—0—-C—CH; anhydride
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(1) &S ER{ 88 ER1L(Lewis valence bond theory)
HMBROER: BREEFHEFHNE (BT HEXZENER

B1E7; FHAE R BV FE AT AL a4 52
LB d AR TSR FR/\BTFHRESH, BI/\EHRN (octet rule) .

5.0 -on - T

SEF (misaiER) B = S59F
SEFH s EXEEREDF

firsgiEie: BN, BR, FHTHLIELEER
R FATRRIRTFE, B
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HMHRORRTE:

C + 4-H —= H:Q:H

BN

15 12IS

}H’“ Jir

55
fa &

J\FB{EFN (octet rule)
ﬁ'iﬁl\)?—sEi?:

H: 2 EBF
tEEF: 8 HF
?SM:FELE(JEE?E’F’@

H

H—C—H
L
SLEESE) MréE=
¥
H.. . H BN, 2
H:C Cly w“ TN
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1. BREFHsp3ZeibiiE
R FERSHE FHR: 152, 2582, 2p?

HERUHNFEER: FFEUGIETPATREANAFEEBEEEXR, EANTHREEN
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