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CHM.5.3.05.007.02 Identify components of a voltaic or galvanic cell {(anode, cathode, salt bridge or porous barrier, wires, electrolyte
1 |compartments); while explaining the role of each component, when does the reaction start and determining the direction of electron Textbook + Figures 1, 2 25,26
and current flow

Redox in Electrochemistry Half-reactions
Electrochemistry is the study of the redox processes by which chemical energy is

converted Lo electrical energy and vice versa, Recall that all redox reactions imvolve a "I'“;ﬂ hﬂ_lf"rE' actions make up thlE rEdﬂI pmcess:
transfer of electrons from the species that is iscdized o the species that is reduced

Figure 1 and Figure 2, on the next page, illustrate the ssmple redox reaction inwhich

wimve whoms are oxidized to form zine (o) wns, The o slectroms domgted from each EH — EI'IE"' + EE_ {ﬂxidatiﬂn half-IEiiCtiUn: EIECl:l‘l]l‘lS .I.U.':;t}
A aloim afe ac o Wil |'|_r a Copper L iy 1oen, w el bevoses an atorm of et roekal Cuj+ + EE_ —_— {:u {I‘E Cl].] [‘ti{)ﬂ hﬁlf"rﬂ'ﬂ [_‘tiﬂ]"l: EI_E Ctrﬂ ns gﬂand)
2p
. 2 _ . What do you think would happen if you separated the oxidation half-reaction from the
sl + Cou' ) = Zn* {ag) + Culs) 1-

reduction half-reaction? Can a redox reaction occur? Consider Figure 1a, in which a
zinc strip is immersed in a solution of zinc sulfate and a copper strip is immersed in a
solution of copper(ll) sulfate.

\ Jire 5t Copper sing ‘
5 \ - \f - *.\-
| 1] i

| i

Two problems prevent a redox reaction from occurring. First, there is no way for zinc
atoms to transfer electrons to copper{ll) ions. This problem can be solved by connecting
the zinc and copper strips with a metal wire, as shown in Figure 1b. The wire can serve

1 as a pathway for electrons to flow from the zinc strip to the copper strip.
L X b . . . ; ) F
L L . The second problem is that when the metal strips are placed in their solutions, oxida-
Figure 1 In & 20 metal is immersed in W anc Selfnhe solitics, and (oppes metal i U coppell) sulfxe

i B, 8 wine joisng the zinc e coppes SHTRE grovieas a pathueay far the flow of slectrans, but the pathway s tion begins at the zinc strip and reduction begins at the copper strip—but these reac-
i st ottt tions cannot continue. The reason is that as zinc is oxidized, positive zinc ions build up
around the zinc electrode. As copper in the copperi(ll) sulfate solution is reduced,

The redox reaction provides . - . _

energy to light the bulb. negative sulfate ions build up around the copper electrode. The buildup of charges stops
any further reaction. To solve this problem, a salt bridge must be added to the system. A
salt bridge is a pathway to maintain solution neutrality by allowing the passage of ions
from one side to another, as shown in Figure 2. A salt bridge consists of a tube contain-
ing a conducting solution of a soluble salt, such as KCl, held m place h}f an agar gel or
other permeable plug. Ions can move through it, but the solutions cannot.

The salt bridge and the wire provide an
unbroken pathway for electric charge to flow.

When the connecting metal wire and the salt bridge are in place, the spontaneous redox
reaction begins. Electrons flow through the wire from the oxidation half-reaction to the
reduction half-reaction, while positive and negative ions move through the salt bridge. A flow
of charged particles is called an electric current. In Figure 2, the flow of electrons through the
wire and the flow of ions through the salt bridge make up the electric current. The energy of

Figure 2 The addition of a salt bridge completes the pathway. Negative ions move through the sali bridge to . : i i
the zinc side. Positive ions move through the bridge to the copper side. the ﬂmﬂ.r]ng electrons can be used to hghl‘ " blﬂb’ as sh i ﬁg e2.

Reduction
half-cell

Oxication
half-cell

in — 't + 2o Cu*t + 28~ — Cu




2 CHM.5.3.05.007.05 Use the half-cell standard reduction potentials to calculate the electrochemical cell standard potential, while
determining whether the redox reactions are spontaneous or non-spontansous

Textbook + Table 1+ Figure 6+ Example problem 1+ Practice Problems

31,32, 33, 34

3 |CHM.5.3.05.007.04 Write the cell notation and the overall chemical equation for a redox reaction occurring in a voltaic cell potential

Textbook + Example problem 1

31,32

o -1} e’ i Ty
,-r"-r- = H‘\. -~ .
F
Copper i P TR T
- - = -
| %‘
| P Ry — ._SLI'I'.IHd
el ngeEn t\ =g
L | e~ HEnE | winchixie
| ‘H= .'nl = Ln ../I Ve T .-l'r |
1 Cu 1B B4 1l Te T il sobation
Figura § & Whon s Cr'™ | Cu elecinode o conreched bo the iyorogen electrode, elecbos Soe inwarnd the
copper sirip and redwor Co®* lors B2 Cu sloms. B Whena Tn [ 20" eleciode s connecied to e pdrogen
Elacirpde, electngas Now away [roem Che TG Sinp and nnc alass arg caeired in I on

Determining electrochemical cell potentials

Yiou can wse Table 1 to calculate the electric potentiol of a woltase ooll consssting of a
copper electrode and a sine electode onder standard conditions. The first step & o
determing the strdard redhuction potential fer the copper halfcell (E7_), When the
copper electmde is attached W a standard hydrogen electrode, as in Figure 6a, elecrons
flowy Fronm tha h:.'dm;.;u.*n clectrode to the COpEpar elecirode, and COPPCT ions are reduced
o coppur mwctal, The & micaswred by a voltmeler, & +0.342 V. The pusitne 'n.ljl..:p.'
indicates that Tu’ jons at the copper electrode accept electrons more readily than do
H* s the stansdard hydrogen electrode. Therddore, oxidation takes place at the
brrdrogen electrosde, and reduction takes place at the copper clectrode

H {g) — 2H"(ag) + 2¢" (oxidation halfcell reaction)

Cur " [ag) + 2p° = Cufs] (reduction hall-cell reaction)

H., L) Cu' {aag ) = 2H '[.||.|_I = L anls) (eiverall mecox reactian)
This peaction can be written in a form called cell notation

Rractant Product  Beactant  Product

N\

Hy | H || Cu? | Cu  EL =+03IV

s L
Chidation R e kiom
Fadb=cwll half-carll

The two participants in the oxidation reaction are written first in reactant | product

order. They are followed by a double vertical line {|]) representing the connection between
the half-cells. Then, the two participants in the reduction reaction are written in reactant

product order. For positive values of EY, it is customary to place a plus sign before the
voltage.

The next step is to determine the standard reduction potential for the zinc half-cell

(E° ,.)- When the zinc electrode is measured against the standard hydrogen electrode
under standard conditions, as in Figure 6b, electrons flow from the zinc electrode to the
hydrogen electrode. The E' of the zinc half-cell, measured by a voltmeter, is -0.762 V.
This means that the H" ions at the hydrogen electrode accept electrons more readily
than do the zinc ions. Thus, the hydrogen ions have a higher reduction potential than
the zinc ions. Recall that the hydrogen electrode is assigned a zero potential, so the
reduction potential of the zinc electrode must have a negative value. The two half-cell
reactions and the overall reaction are written as follows.

Zn(s) — Zn*'(aq) + 2e" (oxidation half-cell reaction)

2H*(ag) + 2e~ — H,(g) (reduction half-cell reaction)

Zn(s) + 2H" (aq} — Zn**(aq) + H,(g) (overall redox reaction)

This reaction can be written in the following cell notation.

Reactant Product Reactant Product

N b A

Zn | Zn** || H* | H, Bl =—=0.762V

L & Lk

Oxadation Reducton

half-cell half-cell

The final step in calculating electrochemical cell potenhal is to combine the copper
and zinc half-cells as a voltaic cell. This means calculating the voltaic cell’s standard
potential using the following formula.



2 CH M.S.?..F]S.ﬂﬂ?.ﬂS Use the half-cell sjcandard reduction potentials to calculate the electrochemical cell standard potential, while Textbook + Table 1+ Figure 6+ Example problem 1+ Practice Problems 31,32, 33, 34
determining whether the redox reactions are spontaneous or non-spontansous
3 | CHM.5.3.05.007.04 Write the cell notation and the overall chemical equation for a redox reaction occurring in a voltaic cell potential Textbook + Example problem 1 31, 32

The final step in calculating electrochemical cell potential is to combine the copper
and zinc half-cells as a voltaic cell. This means calculating the voltaic cell’s standard
potential using the following formula.

Formula for Cell Potential

E! , represents the overall standard cell potential.

E' __ represents the standard half-cell
E1:1]'-:'" - En:qlu-:tl.nn. oxlbation potential for the reduction,

e - represents the standard half-cell

il

potential for the oxidation.

The standard potential of a cell is the standard potential of the reduction half-cell minus
the standard potential of the oxidation half-cell.

Because reduction occurs at the copper electrode and oxidation occurs at the zinc
electrode, the E* values are substituted as follows.

= Fo — [0

‘ool Cutt| Cu n?+t| Zn
= 4+0.342V — (—0.762 V)
= +4+1.104 V

Notice that the negative sign in the formula automatically changes the sign of the
oxidation half-reaction, so you do not reverse the sign of the standard reduction
potentials listed in Table 1 when they are used for the oxidation half-reaction.

CALCULATE A CELL POTENTIAL The foilowing reduction half-reactions represent i hall-cells
of m voltnic cell,

L(s) + 2e” w= 21" (aq)

Fe'*{aq) + 2a~ = Fe{s)
Datermilng the overall céll reaction and the standard cell patential. Describe the call using
call notaon

1 ANALYIE THE PROBLEM

You are given the hatl-cell eguations and can find standard reduction potentials in Table 1. The
half-renctian with (e Iower reduction potantial will e an codation, With this information, you
can write the cverall cell reaction, calculate the standard cell patential, and describe the cell in
cell notation

Erawn U nkrsewn
Standard reduction potentials for the hall-celis cwerall celi reaction = 7

B e =1

Eai=h Lo
cerll notalion =7

2 SOLVE FOR THE UNKNOWN
Find the standard reduction poterdials of each half-reaction in Teble 1.

Iis) + 2& == 21{aq) E,- = +0536V
Fe'‘{aq] + 28~ == Fafs| Bl e, =—0447V

T reduction of iodine has the higher reduction potential, so this nall-reaction proceeds in the
forward direction as a reduction, The iron hal-reaction proceeds in the reverse direction as an
oxiclaticn.

Lis} + 2e7 = 21" {ag) (reducticn half-cell reactian)
Fels| — Fe'"jag) + 2e” joxidation half-cell reaction) Rewie i ron half resciion in the comect dinecin
Iis) + Fels) — Fe**fag) + 21"(ag]

The overnll cell reaction i 1L{s] + Fe(s) — Fe'{ag) + 21 [ag)

Addd thir ko ongeatians

Calculate the standard cell potential

el 3 SRR State the Toermuda for cell patedial
il A S Substitite £ and £ in tha Qenedic aguaban
E' = +0536Y - |[-0D.447 V) Subsiitula £ FASIE N and ER 5, = —0447 ¥

£ =+0883V
Dirscribe the cell using call natatican

Firgt. wwite the axidation hali-raaction using

- Cefl retdl Shaei. e artAnt 1w pedadin]
Fo | Fpd*
: F ek, werili 1Be pedocbon Ball-reackion U L sdgist
Fa | Fe® ||} _
I Eeparmie (he hall-cells by 8 double varboal ling

Ciell ntation: Fe | Fe?® | 1|1
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PRACTICE Problems W ADDITIONAL PRACTICE PRACTICE Problems W ADDITIONAL PRACTICE

For each of these pairs of half-reactions, write the balanced equation for the overall cell Calculate the cell potential to determine if each of the following balanced redox reactions is
mﬂﬂﬁﬂn. End EEICLIIEtE- thE' Etﬂﬂdﬂ'rd E'E“' pﬂtEl‘ltiEll. DE‘-ECfihE !lhE TE‘-EEtiﬂ" uSiﬂg C-E'" “ﬂtﬂﬁﬂ". spmtanmﬁ as 'hp,.q-ri'tt.e.“r Use Tahle 1 to he|p you dEtErm}nE the correct ha'f_rﬂﬂcﬁunsr
Refer to the module on redox reactions to review writing and balancing redox equations.

5. 5n(s) + Cu**(aqg) — Sn?*(aq) + Cu(s)

1. Pt*'(aq) + 2e” = Pt(s) and Sn?'(aq) + 2e~ = 5n(s) 6. Mgls) + Pb**{aq) — Pb(s) + Mg**(aq)
2. Cotlag) + 2w Som) A L lag) +de== Galg) 7. 2Mn**(aq) + 8H,0()) + 10Hg**(ag) —
3. Hg**(aq) + 2e~ = Hgl(l) and Cr**(aqg) + 2e~ = Cr{s) 2MnO,~(aq) + 16H"(ag) + 5Hg,*" (aq)
4. CHALLENGE Write the balanced equation for the cell reaction and calculate the standard 8. 250,% (ag) + Co?'(ag) — Co(s) + 5,02 (aq)

cell potential for the reaction that occurs when these half-cells are connected. Describe 9. CHALLENGE Using Table 1, write the equation and determine the cell voltage (E°) for the

the reaction using cell notation. following cell. Is the reaction spontaneous?
I"".lt'::l3 + 4H* + e = NO + EHICII Al | AP || Hg® | ng:!-

O, + 2H.0 + 4e~ = 40H"

Using Standard Reduction Potentials

The Example Problem showed you how to use the data from Table 1 to calculate

the standard potential (voltage) of voltaic cells. Another important use of standard
reduction potentials is to determine if a proposed reaction under standard conditions
will be spontaneous. How can standard reduction potentials indicate spontaneity?
Electrons in a voltaic cell always flow from the half-cell with the lower standard
reduction potential to the half-cell with the higher standard reduction potential, giving
a positive cell voltage. To predict whether any proposed redox reaction will occur
spontaneously, simply write the process in the form of half-reactions and look up the
reduction potential of each. Use the values to calculate the potential of a voltaic cell
operating with these two half-cell reactions. If the calculated potential is positive, the
reaction is spontaneous. If the value is negative, the reaction is not spontaneous.
However, the reverse of a nonspontaneous reaction will occur because it will have a
positive cell voltage, which means that the reverse reaction is spontaneous,



CHM.5.3.05.011.03 Compare between electrolytic cell and voltaic cell in terms of identifying where will reduction and oxidation
processes take place, anode, cathode, direction of electron flow and current flow and spontaneity of the reaction occurring

‘ 4

Reversing Redox Reactions

When a battery is connected in a circuit, electrons from the anode flow to the cathode,
where they are used in a reduction reaction. How can a secondary battery be
recharged? Compare the electrochemical cells in Figure 18. The beakers on the left
contain zinc strips in solutions of zinc ions. The beakers on the right contain copper
strips in solutions of copper 1ons. One electrochemical cell is supplyving power to a light
bulb by means of a spontaneous redox reaction. In this cell, electrons flow sponta-
neously from the zinc side to the copper side.

Voltaic cell Electrolytic cell

Figure 18 The zinc-copper electrochemical cell can be a voltaic cell or an electrolytic cell.

Infer /n each electrochemical cell, which metal is oxidized? Whot is reduced?

Textbook + Figure 18

47



CHM.5.3.05.011.05 Define electroplating while describing how it works, identifying anode, cathode and electrolyte needed for an
electrolytic cell in which a selected metal is to be plated on an object {car or spoon,...etc)

Textbook + Figures 22+23 51,52

The Hall-Héroult process uses huge amounts of electrical energy. For this reason,
aluminum is often produced in plants built close to large hydroelectric power stations,
where electrical energy is less expensive. The vast amount of electricity needed to
produce aluminum from ore is the primary reason for recyvcling aluminum. Recycled
aluminum has already undergone electrolysis, so the only energy required to make it
usable again is the heat needed to melt it in a furnace.

Purification of ores

Electrolysis is also used in the purification of metals such as copper. Most copper is
mined in the form of the ores chalcopyrite (CuFeS,), chalcocite (Cu,S), and malachite
(Cu,CO,(OH),). The sulfides are most abundant and yield copper metal when heated
strongly in the presence of oxygen.

Cu,S(s) + O,(g) — 2Cu(l) + SO,(g)

The copper obtained from this process contains many impurities and must be refined,
so the molten copper is cast into large, thick plates. These plates are then used as an
anode in an electrolytic cell containing a solution of copper(ll) sulfate. The cathode of
the cell is a thin sheet of pure copper. As current is passed through the cell, copper
atoms in the impure anode are oxidized to copper(ll) ions. The copper ions migrate
through the solution to the cathode, where they are reduced to copper atoms. These
atoms become part of the cathode, while any impurities fall to the bottom of the cell.

Electroplating

Objects are electroplated when a uniform coating is deposited usually as a protective or
decorative laver. The substance used is typically a metal. Electroplating with a metal
such as silver is accomplished with a method similar to that used to refine copper. The
object to be silver-plated is the cathode of an electrolytic cell. The anode is a silver bar or
sheet, as shown in Figure 22.

Ag* +e — Ag
Cathode

Figure 23 A pen made of solid gold would
be very expensive and heavy, Electroplating
gold gives the same effect with a smaller
mass and lower cost.

At the anode, silver is oxidized to silver ions as electrons are removed by the power
source. At the cathode, the silver 10ns are reduced to silver metal by electrons from the
external power source. The silver forms a thin coating over the object being plated.
Current passing through the cell must be carefully controlled in order to get a smooth,
even metal coating,

Other metals are also used for electroplating. For example, you might have seen items
that are electroplated with gold, such as the pen shown in Figure 23. Exposed steel
parts on bicycles and automobiles can be plated by nickel and then chrome to prevent
COrrosion.



CHM.5.6.01.001.07 Explain why carbon forms many compounds

CHM.5.5.01.003.14 Identify the main (general) characteristic of an organic compound

Textbook + Figure 2

60

Organic chemistry Today, the term organic compound is applied
to all carbon-containing compounds with the primary exceptions of
carbon oxides, carbides, and carbonares, which are considered inorganic.
Because there are so many organic compounds, an entire branch of
chemistry, called organic chemistry, is devoted o their study. Recall thar
carbon is an element in group 14 of the periodic table, as shown in
Figure 2. With the electron configuration of 15°2s°2p°, carbon nearly
always shares its electrons and forms four covalent bonds. In organic
compounds, carbon atoms are bonded to hydrogen atoms or atoms of
other elements that are near carbon in the periodic table-especially
nitrogen, oxygen, sulfur, phosphorus, and the halogens

Most importantly, carbon atoms also bond to other carbon atoms
and form chains from two to thousands of carbon atoms in length
Also, because carbon forms four bonds, it forms complex, branched
chain structures, ring strucrures, and even cagelike structures. With
all of these bonding possibilities, chemists have identified millions of
different arganic compounds and are synthesizing more every day

READING CHECK Explain why carbon forms many compounds.

. A carbon atom has four electrons 1n 1its outer enerev

L

level.

2. A carbon atom can torm four covalent bonds with
atoms of carbon or with other elements.

3. Carbon can form single. double. or triple covalent

ht 1111.1?‘-;

4. Variety of arrangements like straight chain, ring
and branched compounds

5. Carbon forms large number of compounds because
of tetravalency and catenation property.

Why does carbon form so many
compounds?

e Each carbon has 4 valence electrons

— each valence electron is available to form one

bond with other atoms

e Carbon can form strong covalent bonds with

other carbon atoms

e Bonds between carbon atoms can be single

or multiple (e.g. double or triple)

= Figure 21.2 Carbon is found in
group 14 of the periodic table. It can bond
to four other elements and form thousands
of different compounds.

14

Carbon
6 —
&

12.011

Silicon
14
Si

28.086

Germanium
32

Ge
72.61

Tin

118.710

[



5 CHM.5.6.01.001.07 Expla?n why car_lmn forms many com _pn_unds. _ Textbook + Figure 2 50
CHM.5.6.01.003.14 Identify the main (general) characteristic of an organic compound
: Which of the following are incrganic compounds? T o ol e P R P T 4;1
Which of the lollowing structunes is possible lo be formed Tl i g o mead) e 0D D -
by carbon alom®?
Carbon cxides
Lo a5 1 e
Chain stnuctures Carbides
gl M S S 3 ) S| 3
Branched structures 2o & Carbonates
B 3 Silp Ky gl 4
il . .o
Lot S . | and 3 4l
Cagelike struciures
a. -
eear 1 25 am 4 15352
b B e =SS :
. e
. 1.2 3 3alyl -

-.I-J-.’l-;:!.-l "_l E"'.:l E.ll



5 CHM.5.6.01.001.07 Expla?n why car_lmn forms many com _pn_unds. _ Textbook + Figure 2 50

CHM.5.6.01.003.14 Identify the main (general) characteristic of an organic compound
Which hydrocarbons shown below react Tagd pe Jolim slich Al Siig €5 gl 51 Which of the ryrocarbons shown balow react with bromine? Tag sl g oy ol Ligld g gl
with bromine?

HHHH H H iil I!-Il
H H H . H-g—¢ ‘It - W‘Ln H—Co C—C—C—H
| CL, (E \ / L HHHH i
H-C—H H-C—C—H  L=¢ H—C=C—H . : W
H H

1

land 2 240

Tand i)
[ S B -
L] L]
[ ] |
L] L]
L] L]
" 3 and & -1-,'3 1
L] ]
L] ]
L] i
G ] ) 9 ) 3 o5 ol

1ard 4

a

!,ﬂ.-u - . . . - . O - . - —.-1-‘

c. ! :
:- 2 and 3 v @ |
- :
&

P i
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CHM.5.6.01.001.09 Explain, using Lewis diagram and ball-stick model, the difference between saturated and unsaturated hydrocarbons

« A hydrocarbon having only single bonds is defined as
a saturated hydrocarbon.

« A hydrocarbon that has at least one double or triple
bond between carbon atoms is an unsaturated

hydrocarbon.
:wmr:. iﬁaﬁﬂiﬁsmﬂ, Three shared pairs
ity W woshred o e
and tnple bonds. E:i: : -F‘ o c - c .
mE.ﬂ:MT P N\ / Triple covalent bond
i C E ‘#C - E“
_tl-: _,,|: g Double covalent bond » and « = carbon electrons

1| « = glectron from another atom
Single covalent band

Textbook + Figures 4 + 5

Models of Methane ;
Denotes a single
Filr__ff covalent bond
CH, H—C—H
|
H
Molecular formula Structural formula Ball-and-stick model

» Figure 21.4 Chemists use four different models to represent a methane (CH,) molecule.
efer to page 9638 for a key to atom color conventions.

bl

©

Space-filling model



Separation 1s carried out 1n a
process called fractional
distillation, also called

fractionation,

which involves boiling the

Crude oil
—

Furnace

prgtohs Vot 3RV LEWGRLE
|

I"'.i_"rr_..u._”mulrh;;_
"

'h.:l'l ::ﬁ? 'l-u.- t"'L

1"..”.' ha"'ﬁ

T"""-k-uf

Steam

.

= Kerosene

-
Heating oil

Lubricating

petroleum and collecting
components or fractions as they
condense at different temperatures.
Fractional distillation 1s done 1n a

fractionating tower like the one
shown 1n figure.

A fumace heats the crude oil
to boiling, and the resulting
gases trave| to the tower,

105 -275°C

240 - 300°C

oil and grease
above 300°C

Residue

The molecular mass of the
hydrocarbon determines
how high it rises in the tower,

CHM.5.6.01.005.07 Describe the process used to separate petroleum compounds by explaining the physical property used during the
Textbook + Figure 6 62, 63
process
P 1 d 1 . d » Figure 6 Th:5 dlagram ﬂf a fractionating tower
etroleum (crude o1l) 1s separate o et
. . g&sﬁhnearﬂ gasempfoducts are grawr 41r in the (r Gm — CH. 1o C.H
into simpler components or T R SREE S TR Okl anc gt e s 10 CaHyo
. h.awng mur.h higherboingpoints.sw near the bottom
fractions. = —»
of the tower and are drawn off there. ¥ Gasaline — CeH,z 10 CiaHae
R 40 - 100°C
o =

— CyHzs to CigHas
— CysH3p to CigHsg

— CyyH36 10 CpoHye

_ Chains larger than
CaoHaz



CHM.5.6.01.005.07 Describe the process used to separate petroleum compounds by explaining the physical property used during the
8 Textbook + Figure 6 62, 63
process
When separaiing Srude ol compenanis in the il JEST b il ey b AT BRD i ek din What fractions of the crude oil are drawn off in the o el s ot A LAl kil S L
bachiorting lowet in e liguare below. Which of te s ) lua cocler regions near 1he top of the fractional lower At oy el e il Bay g Y1 Bl
follcwing s cormeet? showm halow? ala] peiagal
L, w L He
frirccarbans with lemer cahon cheins ae '_# A = Ko ® i
dresin oFt at B = gy gy
T ]
___________________________ = e
Ir ::':IH.H
I
Hydmaatane wilh much Fighor bedng points o e B :r Erachiore wih e baiing poant
e i D :
e R e e ke v e i
b
— Fraction Wik figher boling oot o D A s il
Hiydrocarbona wilh shorlor carban chaing. s
thrawen off Bl € - -
o
““““““““““““““““““““““““““““““““““““““ Eractions wik mam carbon amme T+ REURRUSY L= JEFPLARERIERIN - |
Hydrosartiors wmin Langcs maleollan nasses an
drawe: ol =t A |
Friezlam s with heghis imaokes il o fass bukipafi ol AR G il
* The temperature inside the » Figure 7 Fractional destilation owers
fractionating tower is controlled  separate large quantiies of petigleum into -
so that it remains near 400°C at  wable components. Thousands o "
LI
the bottom. where the petroleum P75 W ';W' T“' - i | 2
. e transportation, and i industry result from §)
1s boiling, and gradually - " i
decreases toward the to ko g
CCICascs loward the Top. . 3l
s ; P Infer Whot types of emissions must be "
; , controfled by refineries to protect the i
» The condensation temperatures oo nemn L
(boiling points) generally decrease 2 &'
as molecular mass decreases, Emission of harmful gases S '

#» Therefore, as the vapors travel
up through the column, the
hydrocarbons condense and are
drawn off.




9 |CHM.5.6.01.013.02 Use IUPAC system to name aliphatic alkanes (straight chain, branched, non—substituted and substituted) Textbook + Tables 2 and 3+ Example problem 1+ Practice Problems

67,68,69,70,71

NAMING BERANCHED-CHAIN ALKANES CH;
Name the alkane shown. |
g
CH3CH;CH3<'ZHCHCIHCH2CH3
CH; CH;

CH;
One ethyl group: no prefix |
Position and name: 4-ethyl CH,

5 3
CH3,(:H3'.f:H;E.[I:H{;H{I:HCHE{ZH3t Parent chain: octane
CH; CH;

Two methyl groups: use dimethy/
Position and name: 3,5-dimethyl

The name should be written as
4-ethyl-3,5-dimethyloctane

8. Use IUPAC rules to name the following 9. Challenge Draw the structures of the
structures. following branched-chain alkanes.

a. CH; CH; a. 2 3-dimethyl-5-propyldecane
CH;(ISHCHI{!:HCH:CH;, (I:Hs {I:H;
2,4-dimethylhexane CH;CHCH,CHCH,CH;

b. CH, b. 3.4.5-triethyloctane

(::'Hl CI:H3 (fH 3 (I:Hs
CH,CHCH,CH CHCH,CHCH, tlin KIZHa fHa
2,2 4-trimethylpentane CH,CHCH,CH,CHCH,CHCH,

c. ffH; t:I:H3
CHJ{ECHECHCHJ.
CH,

2,4,7-trimethylnonane



Usimg IUPAC rules, what |3 the correct name
of the structural formula shown below?

aagd) R Sagall maaad o) ey IUPAC mig Lins

tulsl

*3|3Ha CHzCH,
GHE?H—GHEGHEGH—GH—GHEGHS
CH;CH,

1, 7-diethyl-4-methyloctane Sy e d- Al 1 ~7.3
2 fi-diethyl=-5-methyloclane Sy LS00 S =6u2
3-ethyl-4, T-dimethyinonane High Jsa 8 =Tid= ld =3

CHM.5.6.01.013.02 Use IUPAC system to name aliphatic alkanes (straight chain, branched, non—substituted and substituted)

«C

D ] T T " o ]
B
a. :

Textbook + Tables 2 and 3+ Example problem 1+ Practice Problems 67,68,69,70,71

Using IUPAC rules, whal & the comect name
of the structure shown below?

sl 1 L of IPAC)sehgd Lsist
Tl gl A0 il

o gu
CHCHCH,CHiCHCH,C CH

%

f.l:l'h
CH,

i
- d-pibvgl-d t-dimaihyidecans

S - o ' - - e ot
=

e ey iy e T e e R e e e e e — e —.'-".-.-i
B . e S S T -




9 |CHM.5.6.01.013.02 Use IUPAC system to name aliphatic alkanes (straight chain, branched, non—substituted and substituted) Textbook + Tables 2 and 3+ Example problem 1+ Practice Problems 67,68,69,70,71

Molecular 1E G+ BBl Simple Alkanes
Name Formula Condensed Structural Formula _ ,
(CiHz442)
methane CH, CH, s ; E :}4 .
ethane C,Hg CH3CH, bk Vi
propane CsHg CH3;CH,CH;4
hutEnE C4H1u CHaCHzCHEcHg H H H
Propane H—l-.IT—C—I-.'II—H
I]Eﬁtaﬂe C5H12 CHgCHzCHEEHECH:.; {':E-HE} I |
hexane CeHya CHCH,CH,CH,CH,CH, W e
heptane CsH g CH;CH,CH,CH;CH,CH,;CH4
octane CgH g CH4CH,CH,CH,CH,CH,CH,CH, _— ) Z E' E'[' :i:‘ .
nonane CoH 0 CH.CH,CH,CH,CH,CH,CH,CH,CH, (CaHro) A
decane CIUHII CHE.CH:CHECHICH1EH3CH2CH1CH1CH3
g
) IEL- 14 Bl Common Alkyl Groups
Methyl Ethyl Propyl Isopropyl Butyl
Condensed
g o7 i striuct fﬂ"“l.“ﬂ: ':Hg_ EH3CHI_ EH3CHECHI_ EH3':|:H'CH3 CH}CHECHEEHE_
Molecular formula: CsHyg * ~ Moalecular farmula: CyH g
H
H A III H f.l: H
i — —
T PR NN T H—C—H
I k= I e T
H—C=H [ ] - RS ‘f‘“ ) é .
[ — e | o
[ H—c—H | H=¢TH |
H H {I: H




10 |CHM.5.6.01.013.03 Use IUPAC system to name cycloalkanes (non-branched, branched, non-substituted and substituted)

Textbook + Example problem 2 + Figure 10+ Practice Problems

71,72,73

“+ An organic compound that contain hydrocarbon ring is called cyclic hydrocarbaon.
% Cyclic hydrocarbons that contains only single bonds are called Cycloalkanes.

i

MHAMING CYCLOALKANES
MName the cycloalkane shown

Steps
» Name the carbon ring for example : Cyclohexane
» MNumber in such a way that the substituents gets lowest possible number.

Here are 2 ways of numbering.

» Name the substituents.
» Add prefix to the substituents (di, tri, tetra ) for the same substituent if

repeated.
» Consider alphabetic order for substituents.
» Put the name together. Number are separated by commas and hyphens

between numbers and words.

10. Use IUPAC rules to name the following

struciurcs

A,

'{j’rﬂ |

mathylcydopentane

_CH,
|
|
CH, CH,CH,

2-gthyk1,4-dimethylcyclohe xane

CH.CH,

CH:CH:
1. 3-diethylcyclobutane

11. Challenge Draw the structures of the

following cycloalkanes.
a. l-ethyl-3-propylcyclopentane
CaHs

[

CyH;y

b. 1.2.2 4-tetramethylcyclohexane

CH,
CH,

CH,

CH,

for the following cycloalkane?
(4-ethyl- 2 -methyl- | -propylcyclohexane)

= Figure 21.70 Cyclohexane can be

reprsented in several ways

=
CH, C!I-I;.
|
CHa CH,
H‘“EH{'{'
Condensed structural formula
C
i
C C
"'*-.‘E..-""

Skeletal structure Line structura

What is the comect structural formula

CH,CH,CH,
CH,CH, CH,

1D Jad SO npanad 3D B Lo

(il st Juy =1 Jiaas -2 S -4)
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beiling point and solubility in water).

CHM.5.6.01.016 Use the structures and functional groups to interpret the physical properties of organic compounds (e.g, melting point,
Textbook + Table 4 + Check your progess

74,75

Properties of Alkanes: Physical properties

Comparing
Physical
Properties
M
Substance and  EFRINIPIL Ll
(CHy)
Molecular mass 18 amu 16 amu
State at room -
temperature quid o
Boiling point 100°C —162°C
ting point 0°C —182°C

Aﬂtmmmmn—]mlar
(II"IFIHBIEIS

They ave good solvents for
marqmrpolarmbslnm

Alkanes have low
melting and boiling
point than water

Alkanes are not
miscible (dissolve)
with water

Alkanes are non-polar
and soluble in non-
polar substances only

Why are alkane molecules good solvents
for other nonpolar substances?

Because alkane molecules form hydrogen bonds with
each other

Bacacss alkane modecules Bonds have very lange
electronegativity difference

Becauss alkane malecules are similar in size

to ofher nonpolar subsiances

SLENT e o A ! L
P! Al b Jyall B i

iy s \geinay Ry ot Jaglyy S5 LY il O

ISR bl dagly g A Gl gl Al b lis B SR Sga gl

ppall dam e Al SAUSHY Sl o
dplelll 2 ga) dpall as

-
w



12 [CHM.5.6.01.013.08 Draw the structure of an alkene given its IUPAC name

Textbook+ Figure 12 + Table 5

76, 77

Table 5 Examples of Alkenes

Ethene
Molecular formula CH,
H\. H
Structural formula xc=
H H
Condensed structural CH, = CH,

formula

CH;CH=CH;,

1-Butene

CH}CHECH = CHE

2-Butene

CH;CH = CHCH;,

1 2 3 4
) Sl A @
1-Butene
1 P 3 4
C—(Cm{ —[
Z2-Butene

1-Butene

B. Straight-chain alkenes

4 = CH;
3 2
CH,

b. Cyclic alkenes

= Figure 12 When naming either

branched or straight-chain alkenes, they
must be numbered using IUPAC rules.




12 |CHM.5.6.01.013.08 Draw the structure of an alkene given its IUPAC name Textbook+ Figure 12 + Table 5 76,77
How mary hydrogen atoms are in an alkens (straight senes) {@uu]@ﬂlfuﬂfn&mﬂaMmh
wilth & carban atoms and one doubles bond between beo Tl 5% g Baly A Ay Jope€ i3 6 ] 20 How many hydrogen sloms are in an hene I i p ionsd e S e
carbon alomsy? wilh nine cEbon sloms and one double bondT Thandy bl Aol iy [l 210 sl &

- |
|| ———————————————————————————————————————————————————————————————————————— 1
i i
i ] h
[ ] | I
] [ ]
| ]
[ ] [ ]
[ | [ ]
[ | ]
i i
i - i e T - e S il e S s S e -l o
-C
.d

Some unsaturated hydrocarbons contain more than one double (or
triple) bond. The number of double bonds in such molecules is shown by
using a prefix (di-, ori, tetra-, and so on) before the sutfix -ene. The
positions of the bonds are numbered in a way that gives the lowest set
of numbers. Which numbering system would you use in the example in
Figure 13b? Because the molecule has a seven-carbon chain, you would
use the prefix hepta-. Because it has two double bonds, you would use
the prefix di- before -¢ne, giving the name heptadiene. Adding the numbers
2 and 4 to designate the positions of the double bonds gives the name

24-heptadiene.

, Learning Outcomes Covered °

e CHM.5.6.01.013

CH, C—C—C=C—C=C—C
| 1 2 3 4 5 6 7
1 2 3 4
C—C—C=C—C=C—C
2-methyk1-butene 7 6 5 4 3 2 1
2,4-heptadiene
a. Single double bond b. Two double bonds




13 | CHM.5.6.01.013.06 Use IUPAC system to name alkenes (straight chain, branched, non-substituted and substituted)

Textbook+ Figure 13 + Example probleml + Practice Problems 77,78, 79

1 2 3 4
==

1-Butene
1 2 3 4
C—(Cm=(C—C(C
2-Butene

a 3 2
C—C—Cml

1-Butene

a. Straight-chain alkenes
5
4 1. CH;

; 2
CH;

b. Cyclic alkenes

= Figure 12 When naming either

branched or straight-chain alkenes, they
must be numbered using IUPAC rules.

17. Use IUPAC rules to name the following
structures.

a. CH:CH = CHCHCHj;

|
CH:

4-methyl-2-pentene

b. CH;

CH: (EHJ
|

|
CH;

2,2 6-trimethyl-3-octene

18. Challenge Draw the structure of
1,3-pentadiene.

CH1=CH—EH=CH— CH3
CH,= CHCH=CHCH,

Naming Branched-Chain Alkenes CH,CH=CHCHCH,CHCH,

Mame the alkene shown,

CH, CH,

Bl Analyze the Problem

You are given a branched-chain alkene that containg one double bond and two alk
groups. Follow the IUPAC rules to name the organic compound.

Solve for the Unknown
Step 1. The longest continuous-carbon chain that includes the double bond contains

seven carbons. The 7-carbon alkane is heptans, bul the name is changed to heplene
because a double bond is present.

EH!EH- G‘“I:H'EHJ':]:H'E H3 Hupiore paren] clhiain
CH, CH,
Step 2. Number the chain to give the lowest number 1o the double bond.
1 £ 1 4 § B 7
CH;CH= EH;HEH;‘I:HE H; 2-Heptane parent chiin
CH, CH,
Step 3. Name sach substituent
1 £ i 4 5 - |
CH ]EH= EHFHEH??HE H]. 2-Hepters porent chaln
CH, CH,
T e thiyl !IT"I"'-F!-

Step &. Detarmine how many ol each substituent is present. and assign the comect prefix
o represent that number. Then, include the position numbers to get the complete prefis.
} 2 3 4 5 & 1
CH,CH=CH lil:H CH,CHCH, Z-Heptena parent chain

thyl 1 i &
CH; H? Two methyl groups a1 Positions 4 and &
Prafix is & G-offrmadirgd

Step 5. The names of substituents do not have to ba alphabetized because they are the same
Apply the complete prefix to the name of the parent alkene chain. Use commas between
numbers, and hyphens between numbers and words. Write the name 4 6-dimethyl-2-heptens.



CHM.5.6.01.013.06 Use IUPAC system to name alkenes (straight chain, branched, non—substituted and substituted) Textbook+ Figure 13 + Example probleml + Practice Problems 77,78, 79

Wial i the enmect s i §e Slveing Ak’ L B TR S T U
Which the following struchural formulas. shows the iInoomec Al b bl A e Lgd ,.hnigmwﬁ..l,.# [Lining BIPAL rlaz) [UPAD algh Luadbid)
numbering way according o IUPAC nuies? T (IUPAC) =il i CH
.["'""""'""""'""""'""""""'E 3
: CHy : I
’ CHyGH—-CH=C =CH; a;
i 1 3 a B 5 —_— —
- CH,=CCH= CHCHCH,
&
' 3.6 - amattyl - 4, 6 - hapacana i — E |
b
2, 5~ dimstnyd — 1, 3~ hepledens ol =3 g1 = Hpa 8- 502
SEe T —— ' i
i § = il = 1 = mialiegd = 1, 3 — Modirfiens G =3 31~ M=t L~5 :
.l I
' 2~ allyl — 5 el — 3,5 bendbene S =5 p 3= e 5~ A -0
Which of the following structural formulas for alkenes S Aol dill Al gl
shows incomect numbering? Trvacall i plill el
{Using IUPAC rules) (IUPAC ol Laanl)

5 CHCH,

& SLCH; _
Qi &= o

3 CHCH,

s 1 g g:H:'|

—-CH; 5 4
H ‘ é 2C= CHCH;
f /3 e
= CH,




14 [CHM.5.6.01.013.07 Use IUPAC system to name alkynes (straight chain and branched) Textbook+ Figure 15 + Table 6 79, 80

Naming alkynes Straight-chain alkynes and branched-chain alkynes  * Figure 21.15 These three molecular models represent ethyne
are named in the same way as alkenes. The only difference is that the

name of the parent chain ends in -yne rather than -ene. Study the H—C=C—H W O
examples in Table 6. Alkynes with one triple covalent bond form a
homologous series with the general formula C H,,_.. Models of ethyne (acetylene)
Table 6 Examples of Alkynes 83. Determine whether each of the following structures M _———
shows the correct numbering. If the numbering is incor- CH, ~CH,~GH-C=C~CH,
Name Molecular Formula structural Formula Condensed Structural Formula rect, redraw the structure with the correct numbering, H,~CH,~CH,~CH,
C-H —C=(C— - d. 2 C 5 B
Ethyne 2H; H—C=C—H CH=CH 3 = CH,4 ; =
4 CH; : s
H ;
CH HeC=C—C—H CH = CCH - 1 ; 2 EEE—
Pr —_— = —— =
o o | 3 CH; CH, ’ S-athyh-fr-oc
H St -0ty
4
bk & 2 as [ CH;
||4 T CH3CH,C=CCH; = 3 c.
4 -ty Ity
1-Butyne CiHg H—C=C— T—fll— H CH = CCH;CH;, b 2
1
HoH CH,CH; ’
Aol 4 hei b e
| |
2-Butyne EdHE H_C_EEC_E_H CH:EE C':Ha



14 [CHM.5.6.01.013.07 Use IUPAC system to name alkynes (straight chain and branched) Textbook+ Figure 15 + Table 6 79, 80

Which of the following s represented by the following WeHzn -2 N Ladadl Digea aBd L s g Using IUPAC rules, what is the correct name Aaa gal) i) dagall mn ol 2N Lo [UPAC 22l nan
general fomula G.Ha. 57 of the structural formula shown below?

¥l

Learning Outcomes Covered

|T| H
e CHM.5.6.01.003 H—CEC(]?H#H
H H

a. T
Alkane sl -
I
- 1-Butyne oxligy 1
|
|
|
h B o o o -
Alkene Sl
J-Butyne Cptisne =3
C.
Cycloalkane L
1-Butene g =1
P N N 1
d.

&
Ea
A
(3]
i
E




15 [CHM.5.6.01.011.01 Compare and contrast structural and geometric isomers

Textbook+ Figures 17, 18

82,83

) ik
CHy~CHy-CHy=CHy  CHy=CH~=CH;

Butane (C,H,;) 2-methylpropane (C,H;)

s Figure 17 These oompounds with the samne maleodar formuda CeHys,
e sbuchural Bomers Hole Saw their boling poirls difer

il

L

Pentape =Methylbutane 2 I=limatbylpropana
bp = 36°C bp = 28°C bp = %0

Formulae fUPAC names
2. l:H3 - CHE - CHI - TH - CH] 2-methyl pentane

CHs
3.CHy - CH,— CH-CH, ~CH;  3-Methylpentane
CH,
4.CH; -CH - CH - CH, 2, 3-Dimethyl-
| I butane
CH, CH,

CHj
|
5 CHy —C—-CHy —CHj3

|
CHj

2, 2-Dimethylbutane

Whilch of the following s NOT

et 4

of olhes s cosmpounids?

R e S -3D
2 I=-Dimethylbutane

a struchural isormer Fophtl BENAN 20Kl T U 5
P S g S SE =12 N
2-methyibutane 2. 2-Dimethylpropane Pantane
oy
Pentane
Ohis e 318 =342 :

2,3-Dimethylbutane

T B

sl e 15220

2 2-Dimethylpropane

Qlgm e —2
2-mathylbutane



15 [CHM.5.6.01.011.01 Compare and contrast structural and geometric isomers

Textbook+ Figures 17, 18

82,83

What is the correct structural formula for the f A Al SIS el A aaall L
following cycloalkane? (s Shash Jiaa AL -4 2= Juyf 1)

(1-ethyl —-2,4— dimethyl cyclohexane)

CH,CH3
CH, CH,
CHCH3
CH
; CH.CH:
b 1
CH, CH,CH3
CHs CH
3

..........................................................................

‘Which of the follkowing is nod a strucheal somers of
i molecular formula G.H, .7

Pentana

l=

Methylbuiana

12

L a-Di r|'ut1‘|'|,-l|:|||| AT 1§

[
=)
=
11]
=

g
5
L14]

Al gy w1 el s L 6

TCsH L Al ad dageall

S

Chigy e

B ea =T 2

o o ol

o



15 [CHM.5.6.01.011.01 Compare and contrast structural and geometric isomers

Textbook+ Figures 17, 18

82,83

Which of the following doss not form
geomelric isomers?

H
kY
C=C
F AN
CH; CH;

Gl

C=C
/ \
CH;CH,  CH,CH;

C{h ICHIEHI
C=
/ E\

CH3CH; CH;

Paasia gl B Yl Les g
CH, CH;
\ /

Which of the following is a pair of geomtrical isomres?

syl Shsag WV G e A e

cH o, o M sl i ol
H—c—c/—H cmc c=c_ c=c
CHLH, CH.CH, CHLH;  CH.CH, CHLH, CN, CH, CHLHMLCH,
D c 8 A
l'.F' L abaoe o N af e R e L FE L e e e L e e R S B L e e RL L g SN o R e ‘!‘ Lam . o e _ SR g ‘
a !




15 [CHM.5.6.01.011.01 Compare and contrast structural and geometric isomers

Textbook+ Figures 17, 18

82,83

GEOMETRIC

ISOMERS

VERSUS

STRUCTURAL

ISOMERS

Visit www. PEDIAA.com

GEOMETRIC ISOMERS

Geometric isomers are

isomers with the same

molecular formula and
connectivity but differ in
spatial arrangement due (o
restricted rotation around a
bond or a ring, leading to

different geometric
configurations

S N R S

Have the same immlm:_* order

-

Typically have only a few
possibilities (usually cis and
trans)

Ex: butane and ethanol,
which have the same number
of carbon and hydrogen atoms
but differ in functional groups

STRUCTURAL ISOMERS

Structural isomers are
isomers with the same
molecular formula but
different structural
arrangements of atoms,
resulting in different
chemical properties

Have different bonding
orders between atoms

A single molecule can have
many structural isomers

Ex: dichloroethane, which
has cis and trans i1somers

% Figure 21.18 The single-bonded car-
bons in ethane are free to rotate around the
hond. The double-banded carbons in ethene
resist being rotated.

Explain How do you think this
difference in ability to rotate would
affect atoms or groups of atoms bonded
to single-bonded and double-bonded
carbon atoms?

Single covalent bond

Carbons free to rotate

Feganding e b compounds in e bdble bolow, s
Wehich of Whe Sclowing is rua?
cl ol {'E\ ):l
He= (= (=H C =L
|| > S
H H H H
z 1

Douhle covalent band

Carbons fixed in position:
no rotation possible

Ethene

-------------------------------------------------------------

Rolation s possibie In comgound 1 and B cannol

T geperevhe isgmos

-------------------------------------------------------------

Fotation is possible n compound 2 and if canncl

horrn Jeomelnc somers

Rl &= |:J|su]hl-u TR compuunids 1, 2 anid lhizy

cannol form geomelic komers

Rolaion is anpossible in bolh compounds | ,2 and

they can lonm geomeinc [somers



16 |[CHM.5.6.01.011.02 Descnbe the difference between cis— and trans— 1somers in terms of geometncal arrangements

Textbook+ Figure 15

83

= Figure 18 The single-bonded carbons in Single covalent bond
ethane are free to rotate around the bond. The

double-bonded carbons in ethene resist being
rotated.

Explain Mow do you think this difference
in ability to rotote would offect atoms or
groups of otoms bonded to single-bonded

and double-bonded carbon atoms?
Carbons free to rotate
Double bonded compounds only
shows geometric isomerism Ethane

= Figure 19 These isomers of 2-butene differ in the arrangement in space of the
two methyl groups at the ends. The double-bonded carbon atoms cannol rotate with

respect to each other, so the methyl groups are fixed in one of these two arrangements.

H HH_ H
.r""c .-'"c'\
HW €=C_ H
H H

cis-2-Butene (CH,)

mp = —139°C
bp = 3.7°C

@ <

Double covalent bond

Carbones fixed in position:

no rotation possible
Ethene
H
H"‘c"’ H
Hf ‘-.c - Cx"
H.-" ‘M.C.-"
A
H
trans-2-Butene (CH,)
mp = =106°C
hFI- = D.Ehl:

H

H




CHM.5.6.01.009.04 Distinguish among aliphatic and aromatic hydrocarbons | Textbook+ Figure 26 87,88, 89

|II.IIr

Naphthalene is used to make dyes and
as a moth repellent,

® Figure 21.25 Benzene's bonding
electrons spread evenly in a double-donut
shape around the ring instead of remain-

Phenanthrene is present in the atmosphere due 1o the Xylene is used to make polyester fibers and fabrics. : . s
incomplete combustion of hydrocarbons. ] |ng near Iﬂdl‘.’ldual atDITIS.

p-Xylene
(1,4-dimethylbenzene) |}

= Figure 21.26 Aromatic hydrocarbons
are found in the environment due to the incom-
plete combustion of hydrocarbons and are used

to make a variety of products.



18 |CHM.5.6.01.003.26 Descnbe the structure of benzene and its reactivity Textbook+ Figure 25 | 87, 88

Y - Al . ._f—r|1r —— -

LIUCilure or percene
The Kekulé structure of benzene consists of alternating
single and double carbon to carbon bonds.

All C to C bonds would be different
lengths and strengths. _
The enthalpy of hydrogenation of & :
benzene would be -320 kJ mol

Benzene would undergo addition
reactions.

Figure 21.25 Benzene's bonding

€ _ electrons spread evenly in a double-donut
. Two ?055"3'_9 isomers produced in shape around the ring instead of remain-
1,2-dibsubtituted benzene ing near individual atoms.

compounds.




18

CHM.5.6.01.003.26 Describe the structure of benzene and its reactivity

Textbook+ Figure 25

Benzene undergoes substitution reactions, not addition reactions

A typical alkene (e.g. cyclohexene): addition

) = O’
“cl
Benzene: undergoes substitution, not addition

O = O

(plus catalyst,
e.g. FeCl,)

Bonds Bonds
Formed Broken

c—Cl C-C (n)
C—Cl cLOl

An addition reaction

Bonds Bonds
Formed Broken

C-ClI C-H

A substitution reaction

87, 88



15 | Identifies the health risks of exposure to aromatic compounds (carcinegenic compounds)

Carcinogens

Many aromatic compounds, particularly benzene, toluene, and xylene, were once
commonly used as industrial and laboratory solvents. However, tests have shown that
the use of such compounds should be limited because they can affect the health of
people who are exposed to them regularly. Health risks linked to aromatic compounds
include respiratory ailments, liver problems, and damage to the nervous system.
Beyond these hazards, some aromatic compounds are carcinogens, which are sub-
stances that can cause cancer.

Some of these compounds are still used today. For example, toluene is still used in some
paints, paint thinners, silicone sealers, and nail polish removers. It is also an important
ingredient in the manufacturing of explosives for the mining industry. TNT, or trinitro-
toluene requires toluene in its production. Benzene is an additive in gasoline and is
used in the production of plastics, synthetic fibers, detergents and resins.

With these chemicals still in use today, extra care must be taken to avoid unnecessary
health risks. Proper ventillation in areas where these chemicals are used and respirators
worn by those handling the chemicals are just two of the many precautions that can be
taken.

As scientists research and develop new organic compounds, proper safety precautions
must always be taken until the properties of the new compound are fully understood.

Textbook+ Figure 28 91, 92

B

Figure 28 Benzopyrene Is a cancer-causing chemical that is
found in soot, cigarette smoke, and car exhaust.

The first known carcinogen was an aromatic substance discovered around the turn of the
twentieth century in chimney soot. Chimney sweeps in Great Britain were known to
have abnormally high rates of cancer. Scientists discovered that the cause of the cancer
was the aromatic compound benzopyrene, shown in Figure 28. This compound is a
by-product of the burning of complex mixtures of organic substances, such as wood and
coal. S5ome aromatic compounds found in gasoline are also known to be carcinogenic.



20 | CHM.5.6.01.003.19 Identify general formula, melecular formula, structural formula and functional group for different families of organic

compounds

Text book + Table 1 |

98,99

Table 1 Organic Compounds and Their Functional Groups

Compound Type General Formula Functional Group
Halocarbon R=X(X=F,ClBrl) Halogen
Alcohol R—0OH Hydroxyl
Ether R—0—R Ether
Amine R—NH- Amino
O
Aldehyde I Carbonyl
*+—C—H
O
Ketone | Carbonyl
R—C—R’
QO
Carboxylic acid | Carbaxyl
*—C—0OH
|
Ester «—C—O—R Ester
0O H
Amide | Amide
+—C—N—R




CHM.5.6.01.003.19 Identify general formula, meolecular formula, structural formula and functional group for different families of organic

compounds

Text book + Table 1 98,99

Which of the following is correct regarding

substituted hydrocarbons in the table below?

SligaSy gl Sl ay L (s b Laa (g
folial Jysall b

’ 0 1 A -
—C—OH | »—c-n-z | R-O-R" | _f_y | oo
Formula
sad 3 s S e y
Aldahyde Amide Ether Carboxyfic ackd
FeSnS e = 2 wad 5
Carbonylic acid Amide Ether Aldehyde
el aam 2l ol B 3
Carboxylic acid Amide Aldehyde Ether
H T sl ) 4
Ether Carboxylic acid Aldehyde Amide

inﬂ!—*ﬂnr!‘.—--rﬂw--ﬂmﬂl- (Al L o O N, e O 5 A O O o R PR P TR O O A O S0 O O O 1 ) PO LR

.; 2 ] E

i
LR B R R R R R e B R R R R R R R R R R R R R R R R

c.




21 (CHM.5.6.01.013.12 Write the IUPAC name of alkyl halides and aryl halides Textbook + Figures 3 , 4 + Practice Problems ‘ 100, 101 ‘

* Alkyl halide : is an organic compound containing a halogen atom covalently bonded an aliphatic carbon
atom.

* Aryl halide : is an organic cempound containing a halogen atom bended to a benzene ring or other aromatic
Eroun. - P e - — Z

o Naming halocarbons Organic molecules containing func- | Name the alkyl or aryl halide whose structure is
@ tional groups are given [UPAC names based on their main- Shom, s o
¢ chain alkane structures. For the alkyl halides, a prefix L III f 1‘ E]
S indicates which halogen is present. The prefixes are formed H _ﬁ' b "'-I g L|“ = —
0 Pli Iii Iil ||: Fll by changing the -ine at the end of each halogen name to -o. H H H 1![
H— tl: — tI: —F H-— cl: — t’: — :i: —F Thus,' thel prefix for ﬂun:{rlnle is ﬂuarﬂ chlorine is CH?FO—, 55 oot
H H H H H bromine is bromo-, and iodine is iodo-, as shown in Figure 3b.
S—— If more than one kind of halogen atom is present in the 2. 'Cl'l lil lil }Ii f’i"‘
o ' E o i same molecule, the atoms are listed alphabetically in the name. H—C—C—C—C—C—H
| | The chain also must be numbered in a way that gives the }Ii E|1 }l_l tll lli
H=%"=h=hH=a=n lowest position number to the substituent that comes first in
H H H H the alphabet. Note how the alkyl halide in Figure 3¢ is named. N o
1-Bromo-3-chloro-2-fluorobutane Similarly, the benzene ring in an aryl halide is numbered to 3. Br
o ' give each substituent the lowest position number possible, as Cl
@ shown in Figure 3d. |
d I Br Br

1,3-dibromo-2-cholorbenzene



21 (CHM.5.6.01.013.12 Write the IUPAC name of alkyl halides and aryl halides Textbook + Figures 3 , 4 + Practice Problems 100, 101

Using [LPAC nubes wht is the name of the 10 JElil afe e e PR s =i et

Winat i 1ha serveet name 1o ha alkyl hakige i e LA ) 1 0] gl o1 La
: : gece el iz trilnwdng Al halida?

liguwe Bt (IUPAL =l laml i
{Uaing ILPAC nies) |

H

% — Bromo — | — chiloro — 4 - fluor pentana

i
(|3—H
Cl b|

JoCHGa- 3 Misis- 4.5 - ditioimnieilang ‘.-I"I'I"J’LJ'I'"\‘FJ"" el = yyght= ¥ g g%-2

s
L) — L

H
||
C—C
|
F B

o — O —IT

T

SIS S TS SIS S S S S A ER ST

3 - Bromo — <4 — fuor 1 - chkom pentane

F
[ ]
|
[|
' 1,2-Dibrerne-d-chlare-3-fenimpanties 5 =0 gpped gay g N3-L1
i

B

1 F

I

5 — Bromeg fluor — 5 — chionn pentane

4,5-Dibroma -2 - chime- 3 -flourcperaane Ly gt A g ol T g Sl

3 — Bromo — § — chloro — 2 — fluor panianc S et Tt T TE X S



21 (CHM.5.6.01.013.12 Write the IUPAC name of alkyl halides and aryl halides Textbook + Figures 3 , 4 + Practice Problems 100, 101

What is the correct name of the compound WU S e gl Sl vl o
shown in the figure below? (IUPAC ! Laas)

(Using IUPAC rules)

™

; Learning Outcomes Covered "

o CHM.5.6.01.013

1= Chlorg =2 = bromo = 4 - iodobenzene

| i e s L R e R e e R L L |
C.
[k

2- Bromo -1 - chloro - 4 - iodobenzene Cligdp = B = gl =1 = gagy=2



CHM.5.6.01.016.01 Explain why the densities and the boiling points of alkyl halides increase in order of going down the column of

22
halides in the penodic table, from fluorine to iodine

Alkyl chloride has a higher boiling point
and a higher Density than the alkane with
the same number of carbon atoms.

Boiling points and densities
increase as the halogen changes
from fluorine to chlorine, bromine,
and iodine.

Textbook + Table 2

Table 2 A Comparison of Alkyl Halides and Their
Parent Alkanes

Structure

CHa

CHCl

CH;CH,CH,CH,CH;
CH3CH;CH,CHCHF
CH4CH,CH,CH,CH,CI
CH;CH5CH;CH,CH4Br
CH4CH,CH,CH,CH,

methane

chloromethane

pentane
1-fluoropentane
1-chloropentane
1-bromopentane

t-iodopentane

Boiling

Point (°C)

—162

—24

36
628

108 Increases

130
155

Al

Density (g/mL)
in Liquid State

0.423 at —162°C
(boiling point)

0.911 at 25°C
(under pressure)

0.626
0.791
0882 Increases
1218
1516 Y

102 ‘

= Figure 4 Polytetrafiucroethene (PTFE)
is made up of hundreds of units. PTFE
provides a nonstick surface for many
kitchen items, including bakeware.




CHM.5.6.01.016.01 Explain why the densities and the bailing points of alkyl halides increase in order of going down the column of

22
halides in the penodic table, from fluorine to icdine

Which of the folowing allod halides has the lowes! FILE ] 0 Gl ) sl e
dongity?
P N S O W O O O O O WSO O OO S O, O OO O O O, O O O O O S S O O OO SO SO O OO O W O, O SO O OO O O WO, O . O O JO SO SO . O, W, |
[ ] 1
[ ] L]
L] L}
: 1 =Aummpaniane g gt —] :
L ] |
[ ] ]
] L]
‘------ LR R R N L L R N L B N R R N _J R R N L _J 1L R _J0 2 R _R_N_JN R _B_JN_JI_ L L R UL _J R B_J1 1L R R_B_R_B_ 1 L R _JR_JR_§B_JR_N_J_J1_J§_ ----‘
1-chiomopeniane iy s 1
1-bramopeniane Sk gyl
[ -Indapentang Gl pa—]

b

«C

Textbook + Table 2

Which of the following stalements is correct regarding

alkyl halides in the table below?

Thae Baolling point of | - lodopentans
is the lowest among Ihe four compounds

- W W O T O WO W e W W e WY

1 in | =iodopentans is sirengest
i
1

r
'
: The sttraction of tempacary dipoles
L

atiraction of lemporary dipoles in
1 = Nusropantans & sirongest

102

AN Gy 3y Lok Rnginnn A0 o) 4

l‘ﬁl L o OHLGH,CH,OH,F
Iﬁ”‘”’t'll GH,CH,CH,CH,CH,CI
l_':'m”“""l CH,CH,CH,CH,CH,Br
l‘“’, 5| ononoH.oH.oH

'I'-'L'..'J..J_i.ip.'ﬁ,'i



CHM.5.6.01.016.01 Explain why the densities and the boiling points of alkyl halides increase in order of going down the column of
22 Textbook + Table 2 102
halides in the penodic table, from fluorine to iodine

Which of the following does not explain the increasing Cilaallgl aallly Hllal) Gilsya g 18] 5eadd ¥ ‘,,:IL‘ Lae &;i
of the boiling points and densities of the alkyl halides asdly agsally Hel&H ) Heldll e JlEsY) e JS
as the halogen changes from fluorine to chlorine,
d.
bromine, and iodine? Increasing numbers of electrons thal lie farther Crnallgll algd e Base ) Tullig SCIYY 22e Ealy)
from the halogen nucleus
b- =
The easily shifting of electrons position and, as Glall Al g0 Al ggman Ll dlalll (e Basaadl Silig JEIYI puad
a result, to form temporary dipoles e
C.
The attraction of the temporary dipoles, and the liyall Jeadl LU 2L 2l 2 pall ALLET s
increasing of energy needed to separate the
maolecules
d.
Decreasing the size of the halogen alom as the sl AL slell e JEY) die Cuagllel! 85 ana el
halogen changes from fluorine o chlorne, 5alls a9 ally

bromine, and iodine



CHM.5.6.02.005.04 Define substitution reaction while writing the equation for the substitution reaction including halogenation
‘ 23

of alkanes, alkyl halide—alcohol reaction and alkyl halide—ammonia reaction

Textbook + Table 6 109, 110

A substitution reaction is one in which one atom or a group of atoms in a molecule is replaced by another atom or

group of atoms.

Table 22.3 Substitution Reactions

Generic Substitution Reaction
R—CH3 + X; — R—CH;X + HX
where X is fluorine, chlorine, or bromine

General Alkyl Halide-Alcohol Reaction
R—X4+0OH — R—0OH 4+ X~
Alkyl halide Alcohol

General Alkyl Halide-Ammonia Reaction
R—X + NH3; — R—NH; + HX
Alkyl halide Amine

Example of General Substitution Reaction
(Halogenation)
CyHg + Cl; — GHsCl 4 HC
Ethane Chloroethane

Example of an Alkyl Halide-Alcohol Reaction
CH3CH,Cl + OH— — CH3CH,0H + CI-
Chloroethane Ethanol

Example of an Alkyl Halide-Ammonia Reaction
CH;(CH}_]ECHEBT 4+ NH; — CH;(CHZ)ECHENHE + HBr
1-Bromooctane Octaneamine



24 |CHM.5.6.01.013.14 Use the IUPAC system to name alcohols Textbook + Table 3 + Figures 7, 8 104, 106

= Figure B The names of alcohols are
based on alkane names.

Table 4 Alcohols
H—l— g e e H |

H H H H
I N
OH H W H General Formula ‘ Simple Alcohol and Simple Hydrocarbon

a. 1-Butanol

T
H—ilc.—?;—%—clf.—H ROH
H OH H H

b. 2-Butanol R represents carbon
OH chains or rings bonded
Alkane Alcohol
c. Cyclohexanol
1y
H

|
bH bh b

d. 1,2.3-Propanetriol (glycerol)



24 | CHM.5.6.01.013.14 Use the IUPAC system to name alcohols

Textbook + Table 3 + Figures 7, 8

104, 106

« JUPAC nomenclaturerules for alcohols:

1) Find the parent compound name, which is the
longest continuouscarbon chain containingthe
hydroxyl group
2) Replace “-e” with “-ol”
-  Forexample; ethane

ethan(e) + ol

3) Number the parent chain so that the carbon
attached to the hydroxyl has the lowest possible
number

4) Add substituent names as prefixes to the main
name

5) Alcohols with two hydroxylsare named “-diols”

H,—CH,—OH

?H

CH3-CH2_CH _CH3

ik

|
CH,

2-marthyl- | -propanol



24 |[CHM.5.6.01.013.14 Use the IUPAC system to name alcohols

Textbook + Table 3 + Figures 7, 8 104, 106

%Im

) Section 22.2 Assessment
Which of the following is an alcohol?
A. cyclohexamine

1-chlorobutanol

C. bromobutene
D. butylpropyl ether

i Section 22.2 Assessment

Which functional group is present in an
alcohol?

@ hydroxyl group
B. halogen

C. aromatic ring
D. amino group

Gorect1

Ragarding 1ha compaunds in ha tabke baiow. ki paad b sl ey Lugh
Which of fhe folowing s eomeet? sy b
[Using IUPAC rules) {IPAC =i Laasr )

Compound 3 is called 1.2,3 ~Propanetriol Jadd chaar 3 32 31 i B inisd

e ————
Compound 4 i called cyclopantyl athaor Al L B e



25 [CHM.5.6.01.013.17 Use the [UPAC system to name ethers

Textbook + Table 4

107, 108

Table 5 Ethers

General Formula |

ROR

where R and R’ represent
Carton Chains or nings bonded
1o lunctional groups

)

Cyclohexyl ether

CH,CH,—0—CH,CH,CH,CH,
Butyl ethyl ether

Methanol and Methyl ether
Methanol Methyl ether
bp = 65°C bp = —25"C

Examples of Ethers

CH,CH,CH,— O —CH,CH,CH,
Propyl ether

CH,CH,— O — CH,
Ethyl methyl ether

What is the coned! structural formula for the following ether?

(Methyl propyl ether)

CH+CH,—0-CH;

CH;CH,CH.-0-CH.CH;

...........................................................................

--------------------------------------------------------------------------

1D 5 Aol 34D Sl

(] ey s




25 [CHM.5.6.01.013.17 Use the [UPAC system to name ethers

Textbook + Table 4

107, 108

What 1s the comect structural formula for the following ether?

(Methyl propy! ether)

CH,CH,-O-CH,

CH,;CH,CH,-0O-CH,CH;

CH,CH,CH,~O-CH,CH,CH-

CH,CH,CH,-0-CH;

-

£ A A el L8L dieall L

() g Juhaa)

Which of the following is the formula of

(Butyl cyclopentyl ether?

O,n - CH,CH,CH,

— CH,CH,CH.CH,

OD—EHECHECHg

O, 0 =CH,CH,CH,CH,

lies 2 s L g
0 ) s Ay Jaigw )




26 [CHM.5.6.01.016.03 Compare and contrast properties of ether and alcohol of similar size and mass (Volatility, boiling point, solubility in wa

Property

Volatility

Boiling point

Solubility in water

Example

Textbook + Table 4

107

Ether

Ethers are more volatile ( no
hydrogen bonding)

Lower boiling point ( no
hydrogen bonding)

Much less soluble in water ( no
Hydrogen to donate to make a
Hydrogen bonding)

CH,CH,— O — CH,
Ethyl methyl ether

Alcohol

Alcohol is less volatile (due to
Hydrogen bonding)

Higher boiling point (due to
Hydrogen bonding)

Soluble in water (due to
Hydrogen bonding)

ethanol

IT—O—I
O
T



26 [CHM.5.6.01.016.03 Compare and contrast properties of ether and alcohol of similar size and mass (Volatility, boiling point, solubility in wa

u Figure 7 The covalent bonds from
cuygen have appraxmately the same bonding

angle in ethanol and water.
Ethanol forms Hydrogen bonds with watdr molecule
and hence they are completely miscible ($oluble) in
water. Also, their melting and boiling poifts are high

compared to any other hydrocarbon of sifnilar size.

Table 5 Ethers

General Formula

ROR

where R and B reprezant

Bund ethyd ethar

Methanol and Methyl ether

A S

cafbon chaing o g onded
1o functional groups Methanol Methyl ather
— B5"C = _25°C :
f 2 Naming of ether follow
_ : e alphabetic order on
{ 1‘:;_ n_{ “J, their side of *-0-,
= - CH,CH,CH, = 0 = CH,CH,CH, ¢
Cyclohexyl ether Propyl ether
CH,CH,— 0 — CH,CH,CH,CH, CH,CH,— 0 —CH,

Ethod methnyd ether

Textbook + Table 4

107

Which al 1he fswing s cores! regarding the by
miccels shown below?

Tl pamgadl i pally Glady laph gy b 3

o

g B b Lo 0 T LS Bl g 1 Sy g |
The covalan bonds from axygen have apgrodimaiety ihe same bonding angs in both

Login B g il Al g oy s A pupen | 2

| The Brydrooyl group i maderalely paas in both

Ligan et daky g Al ooy G fld) s JY) i | 7
Ethanc is comphelely miscibde wilh water because ol pofanty and hydiogen bhondng

1.2 sl 1

LY

PR TR



26 [CHM.5.6.01.016.03 Compare and contrast properties of ether and alcohol of similar size and mass ['l.l’nlatility, boiling point, solubility in wa Texthook + Tahle 4 107

Boiling Points

The boiling points of ethers are lower than those of alcohols having the

same molecular weights.

w8 0

e - - | Methanol and Methylether
Methanol Methyl e
Dimethyl ether CH;-0O-CH; 46 -25 y
Propane CH;3-CH,-CH4 44 -42

Solubility in water

~»Ethers are much less soluble in water than alcohols. (Because they
don't have -OH group, So they are not hydrogen bond donors).
»More water-soluble than hydrocarbons of similar molecular weight Methanol Methyl ether

(Because they are polar).. bp = 65°C bp = —25°C

Volatility

An ether is more volatile than an alcohol having the same
molecular formula. This is due to. intermolecular hydrogen
bonding in alcohols.




26 [CHM.5.6.01.016.03 Compare and contrast properties of ether and alcohol of similar size and mass (Volatility, boiling point, solubility in wa

= Figure] Tw ek st Tem
s s A R TR L AT,
1 TS BT A

2

L

Tubis 5§ Ethess

Genenl Fonmada

M aattanal arsd Mthy ethey

sarkom Svawn o rren ocded
e Lyl e

Q_D_D CH,CH,CH, — O — CHCHLEH,

Cytlahenyl siher Propyl sthes

-
el o R e
Wietharo|
I = E5C

Wlethnyl wther
b= —15

CH,CH,— 10— CH,CH,CH,OH,
Batyl ity elioe

CH,CH,— O — M,
Frd et etfies

Ethers cannot form h}rdrugﬂn bonds with each other.

Therefore, ethers are generally more volatile

Ethers have much lower boiling points
than alcohols of similar size and mass.
(More volatile)

Ethers are much less soluble in water
than alcohols because they have

no hydrogen to donate to a hydrogen
bond,

Textbook + Table 4

107

Ethers aie genorally moro volatile ard have much iyl e R Say Ml A0 8l AN G

lowan Bodlry pombs Than aloohols, of sirdar ses ppady djad AEY bl g

arad mads . Whal saplsing thees properties’ T._.-I-.-hlth_.p-hﬂh

P b e byl s Ul g ik A by g

1
Emwry Parve no Frydrogen siome bonded (o the axygen miam

_ e s e g Sy S i
Efwe & imlncuies carecd foim Prriirogin. Bosndls wilh anck ofher

el i e g A pe R ) BN e

i
Thes caypen alom n affer can bond wilh hpdrogen aboens ol wrler molecuies

ol




26 [CHM.5.6.01.016.03 Compare and contrast properties of ether and alcohol of similar size and mass ['l.l’nlatility, boiling point, solubility in wa Texthook + Tahle 4 107

Sl e (8 Lalle daay ol SLG ST Syl o
aaally el ALY 3 Lol Al

Ethers are generally more volatile and have much lower

Comparing Solubility and Boiling

bailing poinls than alcohols of similar size and mass

Points

What explain this? Tl ey (g1 La
Molar Boiling Soluble
Compound Mass Point("C) in Water?
Alkane CHg—‘EHE—EHE 44 -42 No a.
Thie prasance ol ydrogen atoms bonded [ A R e S i pa Aladipe ey pu S gy
tha oeygen slom in =thar
) Ether CH.,—0O—CH, 46 -23 Yes
2
Alcohol CH,—CH.—OH 46 78 Yes o4 i
. Effwe's oo kecubkes can fom Inpdrogen bonds inag g Rghipg ik ol p (e A1 GTR) | Ky :
I: with sach oiher aa] E
i .5

\ ¥ e

Elher have no hydrogen atoms bonced o the oxygean

Thee coeygen abom in ether can acl &8 & hpdrogsn

i ropion from wler mmoksouliea

AN S 1) ma dafs gmg i A0 dpag en

Gt LIt P T R g P B LI E [ P )

alall g e
_



27
CHM.5.6.01.015.03 Define an amine while classifying it into primary, secondary and tertiary amine Textbook + Table 5

1IE P> X Amines

Amines

RNH;

where R represents a carbon chain or
ring bonded to the functional group

* Amines contain nitrogen atoms bonded to carbon atoms in aliphatic
chains or aromatic rings and have the general formula RNH.,.

Examples of Amines * Chemists consider amines derivatives of ammonia (NH,).

* Amines are considered primary, secondary, or tertiary amines depending

on whether one, two, or three of the hydrogens in ammonia have been

ChCH, replaced by organic groups.
Cyclohexylamine Ethylamine Aniline ,CHJ
NH,  NH, o
I I CHI N CH_‘
CHCH,CH,CH CH,CH,CH,
IllHI |-.|,.||_|1 IIxEH_.,_. II-IH1 methylamine  ethylmethylamine  trimethylamine]

1.1,4,4-Butanetetraamine  1,3-Propanediamine primary secondary tertiary

108



27

CHM.5.6.01.015.03 Define an amine while classifying it into primary, secondary and tertiary amine Textbook + Table 5 108
When two organic groups both consists of aliphatic Al (e Laghe S 5980 Jllgaae (e gane a3 Ladie
chains of carbon atoms replace two hydrogen atoms Ligal) egin A cungrid 55 Uaa ol iyl e A0l

[

. Learning Outcomes Covered "

L

o CHM.5.6.01.015

q’ . - - - O O . . S O O S A A O S S O S O N O O e O O O O S O . O O O - -"'--T'-.‘

l'j‘ secondary amine ™ a

ﬁ!'"Hr - - -h"-‘“---i“ “"_'_‘hl- '-ii —1-'*'-‘--'-‘-1-* ﬁr'—P--n -—H’H - -r'--fii-h'-‘_




28 |CHM.5.6.01.016.06 Explain the physical properties of aldehydes and ketones Textbook + Tables 7, 8 111,112,113

Table 22.7 Aldehydes Properties of Aldehydes and Ketones
Gone o
*repres m;i:iw aroup Lljlp i ::[' ﬁ} : . A’Idahydes and ketones are polar molecules because the C=0 bond has a
ar a hydrogen atom H—C—H ||_| deDlE moment: 0 For acelone: gr;f:ﬂnsﬁrr;e_m;; ;?j;: D
Methanal (formaldehyde) . e
J Ethanal (acetaldehyde) | | I CAREE gj;ﬁj:gr;g:f: {4'?? :o.;ﬂ_-;
For I-propanol: dipole moment=1.7D
O H - 0 N boiling point = 82.3%C
! @c*’ O Cs cH=cH—c7
—C— J & d 0 R u,ﬁ _ . ; & ;
Carbanyl group O \ @ H « Their polarity makes aldehydes and ketones have higher boiling points than
OH St alkenes of similar molecular weight.
Beearicltyde el Cirnameidely e « Aldehydes and ketones are not hydrogen bond donors (they can’t donate a
proton); therefore, they have lower boiling points than alcohols of similar
Table 22.8 Ketones molecular weight.

General Farmula Examples of Ketones « Aldehydes and ketones are hydrogen bond acceptors; this makes them have
H O H H O H H considerable solubilities in water.
I | T
H—«'!-H’ H—C—C—C—H H—C—C—C—C—H /o_h_H /D"'-H Ketones such as acetone are good solvents
| I | I H ALt ?-r --H because they dissolve both aqueous and organic
where R and R’ represent H H H H H lC compounds
warbon chains or rings bonded to 2-Propanone 2-Butanane = i " | Recall that acetone is a polar, aprotic solvent

functional groups (acetone) imethyethyl ketane)
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» Carboxylic acids can
ionize in water
solution ??? Why

* because the two
oxygen atoms
are highly
electronegative
and attract
electrons away
from the
hydrogen atom
in the —OH

group.

Which of the following statements is incormrect

regarding the following three structural formulas?

H H & H H
H—C—C—C H—C—C—C—H H
L} OH T .
H H H o H
’ 2
Tha molecubes of the theeo foermulses (1, 2. and 1) Ay g [ F g Jo ] ] T el
ane potar and reacthes
The compaund willh oo k o, Bl sl B eman pakn il T ddpeal ol
For Ml B tiva Han foo L PR () LSRG LEILTI, | [ [P, GCHLAT

H H 0O
L/
Ll Dy
H H
I

b

+C

.d
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Carboxylic Acids

General Formula Examples of Carboxylic Acids

Table 22.9
L]

| | T 0
= E=0H H—C—C—OH Heo"
wilere R represents carbon |!| “o—H
thal:l:g.ws i Ethaneic acid {acetic acid) Methanolc acid {ommic 2cid)
ional groups
What i $he name of the funcional group T il il il gl ped e

of thi Scllewing genaral fonmula?

wd
Hydirooryl ey pipgd!

O O

Carbowd i 7

£
Eslor =il

Carbanyl e il

Whal is the structural formula of the compound
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CARBOXYLIC ACIDS
- a carboxylic acid is an organic compound that has a carboxy! group.

- @ carboxyl group consists of a carbonyl group bonded to a hydroxyl group.

6. Carboxylic Acids
1 H O .
+—C—OH - y aean
H —:T‘—c — OH H—C_ Carboxylic acid
where R represents carbon H O—H
chains or rings bonded to Ethanoic acid (acetic acid) Methanoic acid (formic acid) Alcohol

functional groups

Carboxylic acids are polar and reactive. Those that dissolve in water ionize weakly to produce hydronium
ions, the anion of the acid in equilibrium with water, and the unionized acid. The ionization of ethanoic acid Algenyade , ketone
s an example.

CH;COOH(aq) + H.O(l) = CH,COO(aq) + H:0*(aq) Ether
Ethanoic acid (acetic acid) Ethanoate ion (acetate ion)
Carboxylic acids can ionize in water solution because the two oxygen atoms are highly electronegative and Alkane

attract electrons away from the hydrogen atom in the —OH group. As a result, the hydrogen proton can
transfer to another atom that has a pair of electrons not involved in bonding, such as the oxygen atom of a
water molecule. Because they ionize in water, soluble carboxylic acids turn blue litmus paper red and

Boiling point, Solubility , Polarity,
have a sour taste. nydrogen bond, reactivity, ionization.

Carboxylic acid has a higher polarity, B_.P and solubility than aldehyde and ketone.

Carboxylic acids can ionize in water , because the two oxygen atoms are highly electronegative and attract electrons away from
the hydrogen atom in the QH group .
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1E1 1> A [V Esters

General Formula Example of an Ester
@

Ethanoate group Propyl group

O
I I
—C—0—R CH; — C— O — CH,CH,CH;
Ester group
Ester group Propyl ethanoate

(propyl acetate)

® Figure 22.711 Esters are responsible
for the flavors and aromas of many fruits.
The aroma of strawberries is due in part to
methyl hexanoate. Ethyl butanoate contrib-
utes to the aroma of pineapple. Most natural
aromas and flavors are mixtures of esters,
aldehydes, and alcohols.

l
CH;(CHEhC = D = {:Hg

Methyl h t
\_ ethyl hexanoate

/e -

I
CHECHECHIC - D = CHICHE
Ethyl butanoate Y
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Which subsliluled hydrocarbons has the following PG Lakall daucall Ll Al Aige)Se singll Clankall La

general formula?

Amide gt :

]

| |

1

1

----------------------------------------------------------------------------------- il
Esler il
Carboxylic acid eSS men
»

Aldehyde



