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ATOMBI

* AApo: NPOTOHBI (+) N HEUTPOHBDI
* DIeKTpPoHHOEe 0bsako (-)

Y Figure 2.4 Simplified models of a helium (He) atom. The
helium nucleus consists of 2 neutrons (brown) and 2 protons (pink).
Two electrons (yellow) exist outside the nucleus. These models are not
to scale; they greatly overestimate the size of the nucleus in relation to
the electron cloud.

Cloud of negative Electrons
charge (2 electrons)
’ Nucleus
.g
(a) This model represents the (b) In this more simplified model,
two electrons as a cloud of the electrons are shown
negative charge, a result of as two small yellow spheres

their motion around the nucleus. on a circle around the nucleus.



« [1Nna namepeHna maccbl MOJMEKYI
MCNOJb3yeTca AanbTOH (aTOMHasa egmMHULa
MaccChbl)

* HEUTPOH 1 NPOTOH NOYTN OAMHAKOBLI MO
macce (1.7*10* rpamm, npumMepHo 1
OanbTOH)

 ATOMHOE Y1CIO = YXACIIO NPOTOHOB = YUCIIO
9NEKTPOHOB B HEUTPASIbHOM aTOME

* MaccoBoe 4YMCco = YNCNO NMPOTOHOB +
4MCNo HEUTPOHOB

« ATOMHag Mmacca B aanbToHax
NpnonNmM3nTenbHO paBHa MacCcoBOMY YUCSTY
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N3oTonbl

* ATOMbI C OAVNHAKOBBLIM YMCIO NMPOTOHOB, HO
pa3HbIM YACITOM HEUTPOHOB

 PaganoakTBHbIN N30TOM — aToOM C
HeCcTabunbHbIM S4POM, CTOHTAHHO

pacnagalunMcHd C BblaerieHnem 4actmu n
SHQEFI/II/I

[103NTPOHHO-OMNCCNOHHAS
TOoMorpagous:

ApKoe NATHO NnoKasbiBaeT
N1 ¢ 0bnacTb C BbICOKUM
| j‘\ cogepkaHUemM pagnoakTUBHOIO
L Bk n30Tona rrnKo3bl, YTO
s O3Ha4YaeT BbICOKYIO
MeTabosIN4ecKyto akTUBHOCTbD,
NPU3HaK PpakoBbIX KIETOK




JHepreTnyeckne ypoBHM

* ONEKTPOHbI
obnaparoT
pas3nM4YHoun
noTeHuUnanbHOU
QHeprmeu

 UeMm BblLLE
YPOBEHb, TEM
bornbLue aHeprus

Y Figure 2.6 Energy levels of an atom’s electrons. Electrons
exist only at fixed levels of potential energy called electron shells.

(a) A ball bouncing down a flight
of stairs can come to rest only /w
on each step, not between steps. /w
Similarly, an electron can exist -

only at certain energy levels, not \
between levels. +

Third shell (highest energy
level in this model)

Second shell (higher Energy‘
energy level) t A absorbed

First shell (lowest energy -
level)
Energy

E ) lost
Atomic |

nucleus

(b) An electron can move from one shell to another only if the energy
it gains or loses is exactly equal to the difference in energy between
the energy levels of the two shells. Arrows in this model indicate
some of the stepwise changes in potential energy that are possible.
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* [Mepuopg (cTpoka B Tabnuue) nokasbiBaeT
YUCIIO ANEKTPOHOB Ha BHELLIHEM YPOBHE

*« I AJNIEKTPOHbI HAa3blIBAKOTCA BaAaJIEHTHBIMA



ONEKTPOHHbIE OpOUTanu

» OpbuTarb — NPOCTPAHCTBO, B KOTOPOM
9NEKTPOH onpeaeneHHoro
SHepreTn4ecKkoro ypoBHa Haxoamntca 90%
BpeMeHU

» Ha ogHol opbuTanyu MoryT HaxoguUTbCs He
6OnbLue ? nl-lnlr-rr\nl:nn



KoBaneHTHag CBA3b

Name and Electron Lewis Dot Space-
Molecular Distribution  Structure and  Filling

« KOBaneHTHada CBA3b — ™™  Peoem syl wodd
obobLecTBneHne Sl

share one pair of 7~ °/
electrons, forming ®°‘®

3neKTpOHOB asinglebond. be—ty

(b) Oxygen (0,).
Two oxygen atoms
share two pairs of
electrons, forming
a double bond

0:0

0=0

(c) water (H,0).

Two hydrogen O ‘H
atoms and one 7o)\ H
oxygen atom are :

joined by single _ im
bonds, forming a —
molecule of water. [

(d) Methane (CHy). )
Four hydrogen @
atoms can satisfy
the valence of
one carbon
atom, forming
methane




KoBaneHTHas CB43b

« CnocobHOCTb atoMa NPUTArMBaTh 3JTIEKTPOHBI
— 3NEeKTPOOTPULLATENBbHOCTb

* HeI'IOJ'IFIpHaFI KOBAJ1IEHTHAA CBA3b — MEXAY
dTOMaMu O4HOIO 3JriEMEHTA

(anekTpooTpuLaTeNbHOCTbL OANHAKOBAas)

* rlOﬂFIpHaFI KOBaAJIEHTHAA CBA3b — MEXAY

aToMaMu pa3HbIX ANIEMEHTOB, 3N1EKTPOHbI
«OTTArMBaKTCA» K bonee
ANEKTPOOTNMIIATAAKHNM/

Y Figure 2.11 Polar covalent bonds in a water molecule.

Because oxygen (O) is more electronegative than hydrogen (H),
shared electrons are pulled more toward oxygen.




NlOHHag cBA3b

* ATOMbI HACTOJbLKO pa3Hble N0 CBOEN
ANEeKTpooTpMLUaTENbHOCTH, YTO OOUH
3abunpaet y gpyroro areKTpoH

@ The lone valence electron of a sodium @) Each resulting ion has a completed
atom is transferred to join the 7 valence valence shell. An ionic bond can form
electrons of a chlorine atom. between the oppositely charged ions.
.”"” + ==
P
00O - OO
0O O 0
~ 2
O (Na O i o ‘/Na O
O O O
O O (ON®)
Na Na* cr-
Sodium atom Chlorine atom Sodium ion Chloride ion
(a cation) (an anion)

J

WV

@ Animation: Formation of lons and lonic Bonds Sodium chloride (NaCl)



NNOoHHaga CcBA3b

* B pesynbrate BO3HMKAKOT ABa MOHA: KATUOH
(monoXxmntenbHO 3apAXXeHHbINU) U aHNOH
(oTpuuaTenbHO 3apsAXXeHHbIN)

* /13-3a pa3HuLUbl 3apsA00B OHU
NPUTArMBaroTCs, U POPMUPYETCA CBA3b

Y Figure 2.13 A sodium chloride (NacCl) crystal. The sodium
ions (Na") and chloride ions (CI") are held together by ionic bonds.
The formula NacCl tells us that the ratio of Na” to Cl™ is 1:1.




[1pyrne BzanmogencTems

 BooopoaHas cBA3b: NPUTAKEHNE YaCTUYHO
NONMOXNTENBbHO 3apsi)KeEHHOro Bogopoaa K
aneKTpooTpuuaTernHOMY aTtoMy

Y Figure 2.14 A hydrogen bond.

Water (H,0)

Ammonia (NH3)




[lpyrue B3anmogencTeung

» Cnnbl BaH-gep-Baanbca: anekTpoHbl He
BCErga CUMMETPUYHO pacnpeneneHsl no
MOJIEKYNE, OHN MOTYT CIly4YanHo
cKannueaTbC4, N3-3a Yero Bce aToMbl U
MOJIEKYIbI MOTYT NPUTArMBaTbCS

« 3TN B3aNMOLENCTBUS OYEHDb Crnabble 1
OEWUCTBYIOT TOSIbKO HAa OYEHb MarsibIX
PACCTOSHUSX

» OgHaKo MMEHHO OHMU r|03|30 o re|<|<0Hy
nasaTb Mo CTEHaM 7~ .3 “naiarma, Wt

~~~~~~~
Dt 1§



[Mbpunansaums opobutanen

s-opbuTarnbs n 3 p-opbutanu, y4acteyrowine
B KOBalleHTHOW CBSI3U, MOTYT

coBMeLLaTbCsA, PopMUpya TETpasap m3
rmopuaHbIX opbutaneun

Four hybrid orbitals

_— Three p orbitals \
X /

Y Tetrahedron




[Mbpunansauma opbutanen

Space-Filling Ball-and-Stick Hybrid-Orbital Model
Model Model (with ball-and-stick
model superimposed)

Unbonded
¢ S electron
H -~ \H) pairs

104.5°

Water (H,0)

Methane (CHa)




dopma Monekyrnbl O4eHb BaXKHa

Y Figure 2.16 A molecular mimic. Morphine affects pain perception
and emotional state by mimicking the brain’s natural endorphins
Key Il Carbon Bl Nitrogen

Hydrogen Sulfur

Bl Oxygen

Natural endorphin

Natural
endorphin . » Morphine

Morphine

receptors

Brain cell

(b) Binding to endorphin receptors. Both endorphin and morphine
can bind to endorphin receptors on the surface of a brain cell.

(a) Structures of endorphin and morphine. The boxed portion of
the endorphin molecule (left) binds to receptor molecules on target
cells in the brain. The boxed portion of the morphine molecule
(right) is a close match

* MopdnH MOXeT NpUCoeanHATLCS K
peLenTopam HaTypanbHbIX 3HOOP(UHOB



XNMUYECKME peaKkLnn

o XMMU4YecKkue peakumm npnBoasiT K
obOpa3oBaHUIO U Pa3pbiBY XMMUYECKNX
CBA3eu

Reactants Dy Products

6CO, + 6H,0 SUHHOht CHipOs + 60,
Carbon dioxide Water (‘Iucose Oxyqen

‘l & ¢
3’9# %‘




[louemy Boaa Tak
HeobxoamMma Ons XU3HU Ha
3emne?



BoaopoaHble cBA3K

« CBoncTBa BOAbl onpeaensitotcst BO MHOMOM
BOOOPOAHBIMU CBA3AMM

Y Figure 3.2 Hydrogen bonds between water molecules.
o+ %
The charged regions in a water
| molecule are due to its polar
covalent bonds.

o_
Because of its electron 5_— Regions of neighboring water
arrangement, oxygen ‘e molecules with opposite partial
has two regions with 5'+ charges are attracted to each other,
partial negative charge. forming hydrogen bonds.

Each water molecule can
| hydrogen-bond to several

others; these associations

are constantly changing.



Kore3nsa

¥ Figure 3.3 Water transport in plants. Because of the properties
of cohesion and adhesion, the tallest trees can transport water more than
100 m upward—approximately one-quarter the height of the Empire
State Building in New York City

Evaporation from leaves pulls water
upward from the roots through
water-conducting cells.

-

>

Adhesion of the water to cell walls
E » Dby hydrogen bonds helps resist the
¢ downward pull of gravity

o

Two types of ;
water-conducting ,

cells ,

Cohesion due to
hydrogen bonds
between water
molecules helps
hold together
the column of
g ro— - H- water within
H;O - s i the cells

Direction
of water
movement B

 BooopoaHble
CBA3W genawT
Boay bonee
CTPYKTYpupoOBaH
HOU U
caepXnsatot
MOneKynbl
BMECTe



Kore3nsa

¥ Figure 3.3 Water transport in plants. Because of the properties

of cohesion an‘d adhesion, the tallest trees can transport \"vater more than () B OD'O F)C)ﬂI H bl e

100 m upward—approximately one-quarter the height of the Empire
State Building in New York City

Evaporation from leaves pulls water CBﬂ3M D.ena I-OT

upward from the roots through

water-conducting cells. BOD'y 60” ee
B dae CAUENZENE CTPYKTYPUpOBAH

“ nware i fl_t;rawt','

b N HOW U

Two types of .
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bonbLiag TenyioeMKoCTb

» CyLLlecTBEHHOE YBENMNYEHNE TEMNTOBOW
9HEepruun BbI3bIBaET NMLLb CPaBHUTENBHO
HeOOosbLLOE NOBLILLEHME TEMMNEPATYPbI
BOAbl, TAK KaK 3Ha4YUTENbHAasA YacTb
QHEeprnm pacxoayertcq Ha pasphiB
BOOOPOOHbLIX CBA3EN

» Taknm obpasom, Boga MOXET
obecnevmBaTb NOCTOAHCTBO YCIOBUM



bonbluaga TennoTta ncnapeHus

« Konn4yecTBo TENNOBOW 3HEPIrUY,
HeobxoamMmMown ana nepexonda BoAdbl B nap,
OYeHb BbICOKO

« JHEPrua ans ncrnapeHns YepnaeTca u3
OKPYXXEHUS, TO eCTb UCnapeHne
COMPOBOXOAETCHA OXNaXXAeHNEM

» Taknm obpasom, otaadya opraHM3MoM Jaxke
DonbLWUX KOSIMYECTB Tenna
COMNpPOBOXAAaeTCA MUHUMAIbHbIMU
noTepssmMun Bobl



[1TNOTHOCTL U 3amMep3aHune

« Bona — 0oAHO 13 HEMHOIMX BELLECTB,
obrnagarLwmx B XXMOKOM COCTOAHUM
bonbLUen NNOTHOCTbIO, YEM B TBEPAOM

» bnarogapga atomy, nea cHa4ana
doopmupyetca Ha NOBEPXHOCTU

ey N N _-Hydrogen bond o
‘ N Liquid water:
. Hydrogen bonds

break and re-form

e . . .'.
\,.\( - . '7_,—"
LY W/
Ice:
Hydrogen bonds
are stable



Bopga kak pactBopuUTenb

 Boaa — npeBOCXOAHbLIM pacTBOPUTENL ONA
NONAPHbIX (MTMOPOPUIbHBLIX) BELLIECTB

» Monekynbl BoAbl OKPY>KatoT NOHbI, OTAENSAS
X Apyr oT gpyra v npeaocTaBnss
BO3MOXHOCTb ABUratbcsa 6ornee cBo60AHO

* HenonsapHble BeLLEeCTBaA BBOAE
NpUTArMBaroTCA APYr K gpyry
(rmapodO06HbI), YTO BaXXKHO OS5
doopmMumnpoBaHmnsa membpaH 1 onpeaeneHuns
CTPYKTYPbl MHOTMUX MOJIEKYI



[lnccounauns Boabl

>3 v e

2 H,0 Hydronium Hydroxide

ion (H;0%) ion (OH")

* B yncton Boge KoHueHTpaumm H+ n OH-
paBHbI, HO JOOABNEHNE HEKOTOPbIX
BELLIECTB HapyLlaeT 3ToT banaHc



BoaopoaHbiv NnoKa3aTenb

« KucnoTtbl yBENNYMBAIOT KOHLIEHTPALMIO H+,
OCHOBaHMSA — KOHLEHTpaLuto OH-

* B ntobom BogHOM pactBope rnpun 25°C
npounsBegeHne KoHUeHTpaunm H+ n OH-
paBHo 10

* B HeUTpanbHOM pacTBope OHM 00€e paBHbI
10”7

* pH = -log[H"] (CcTeneHb, B KOTOPYIO HY>XHO
BO3BECTU 10, YTOObLI MONY4nTL
KOHLUEeHTpauuto HY)



Y Figure 3.11 The pH scale and pH values of some aqueous

solutions.

Acidic
solution

ou~ OH
H H' OH
OH
* H
Neutral
solution

H
O oH-

OH K' oW

OH
OH™ OH

!

Basic
solution

Neutral
[H*]=[OHT]

Increasingly Basic
[H*] < [OH]

0

10

11

12

13

14

pH Scale

lemon juice

Vinegar, wine,

cola

Tomato juice
Beer
Black coffee

Rainwater
Urine

Saliva
Pure water

Human blood, tears

Seawater

Inside small intestine

Milk of magnesia

Household ammonia “

Household
bleach

Oven cleaner

’;C :
Battery acid ‘w“\

Gastric juice (in stomach),

=)

=

* UeM MeHbLLe pH,
Tem bonbLue
KUCITOTHOCTb
pacTBopa



Yrnepon

e BaneHTHOCTb — 4

 BO3MOXHOCTb
obOpa30BbIBaTb
OrPOMHOE KONNYECTBO
Pa3HbIX «CKEJ1IETOB»

Carbon
(valence = 4)

Nitrogen
(valence = 3)

Oxygen
(valence = 2)

Hydrogen
(valence = 1)

Q

Y Figure 4.5 Four ways that carbon skeletons can vary.

(a) Length
H H H H H
e -
- -
Ethane Propane

Carbon skeletons vary in length.

(b) Branching

|
H—C—H
H H H H H H
- el
A H -
H H H H H H H
Butane 2-Methylpropane

(commonly called isobutane)

Skeletons may be unbranched or branched.

(c) Double bond position
H H H H H H H H

i Ll
- I -+ +-

H H H H
1-Butene 2-Butene

The skeleton may have double bonds, which can vary in location.

(d) Presence of rings

H
H-g, H H é H
H/CI C\_H NN AN
H-L J:,...H ﬁ ‘
H"c\ = ~H ~ G =
e e = o

H
Cyclohexane Benzene

Some carbon skeletons are arranged in rings. In the abbreviated
structural formula for each compound (to its right), each corner
represents a carbon and its attached hydrogens.



¥ Figure 4.7 Three types of isomers. |somers are compounds
that have the same molecular formula but different structures.

(a) Structural isomers

)
H—Js—H
L il FE
R e
H H H H H H H H H
Pentane 2-Methylbutane

Structural isomers differ in covalent partners, as shown in this
example of two isomers of CgHj .

(b) Cis-trans isomers

N / b4
C=C C=C
N
H H . H

cis isomer: The two Xs are on trans isomer: The two Xs are
the same side. on opposite sides.

Cis-trans isomers differ in arrangement about a double bond. In
these diagrams, X represents an atom or group of atoms attached
to a double-bonded carbon.

(c) Enantiomers

CO,H CO,H
\ é
H NH, NH, e
CH; CH,

L isomer D isomer

Enantiomers differ in spatial arrangement around an asymmetric
carbon, resulting in molecules that are mirror images, like left and
right hands. The two isomers here are designated the L and D
isomers from the Latin for “left” and "right” (levo and dextro).
Enantiomers cannot be superimposed on each other.

3omepbl

 BewectBa c
OOMHAKOBOU
MONEeKynsapHou
doopmynon, Ho pasHou
CTPYKTYpOWU

» CTPYKTYPHBIE, LNC-
TpaHC N30MepbI U
OonTU4eckKne N3omepbl
(3HaHTMOMepHhI)



Chemical Group

Group Properties
and Compound Name

Examples

Hydroxyl group (—OH)

Is polar due to electronegative oxygen.

Forms hydrogen bonds with water, T *I'I
n helping dissolve compounds such as N Ethanol, the alcohol present
4 e . sugars. H ? ? i in alcoholic beverages
(may be written HO—) Compound name: Alcohol (specific H H
name usually ends in -of)
Carbonyl group (>C =0) Sugars with ketone groups are called
ketoses; those with aldehydes are called H @Y H H H 0
aldoses. |l | | 4z
0 H—C—+C=—C—H H—C—C-&
/ Compound name: Ketone (carbonyl | | | -
—C group is within a carbon skeleton) or H H H H H
\ aldehyde (carbonyl groupisat theend of a | Acetone, the simplest ketone Propanal, an aldehyde

carbon skeleton)

‘ J OH

Acts as an acid (can donate H*) because
the covalent bond between oxygen and
hydrogen is so polar.

Compound name: Carboxylic acid, or
organic acid

H
0
|
H—?—C/
4 | OH

Acetic acid, which gives
vinegar its sour taste

1)

lonized form of —COOH
(carboxylate ion),

found in cells
Amino group (—NH,) Acts as a base; can pick up an H* from —
the surrounding solution (water, in living 0 H H H
" organisms). N |/ |
¥ C—C+NE+ HY — —=IN—1H
—N Compound name: Amine /| |
) H Glycine, an amino acid lonized form of —NH,,
(note its carboxyl group) found in cells




Sulfhydryl group (—SH)

Two — SH groups can react, forming a
"cross-link” that helps stabilize protein
structure. Hair protein cross-links maintain
the straightness or curliness of hair; in hair

0

\C/OH

2- when at the end). When attached,
confers on a molecule the ability to react
with water, releasing energy.

—d& _SH salons, permanent treatments break H— Cl —CH,-LsH Cysteine, a sulfur-
_— cross-links, then re-form them while the | 2 containing amino acid
/ (may be written HS—) | hair is in the desired shape. N
ZEN
Compound name: Thiol H H
Phosphate group (—OP03%) Contributes negative charge (1-when
positioned inside a chain of phosphates; s e | -

H—Cl—C—Cl—r-O—P—O'

| I Glycerol phosphate, which

takes part in many important
| chemical reactions in cells

compound

o Compound name: Organic phosphate H H H| 0
Affects the expression of genes when on NH,
DNA or on proteins bound to DNA. |
Affects the shape and function of male C CH ;
2\ 3 5-Methylcytosine, a
and female sex hormones. T i ﬁ/ compong,%f DNA that has
i g
Compound name: Methylated o ¢C Sig /C S gerigt?ﬁ (:;rc')e:pby addition 0




