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Redox in Electrochemistry

» Electrochemistry is the study of the redox processes by which chemical energy
s converted to electrical energy and vice versa,

* Redox reactions Involve a transfer of electrons from the species that is oxldized to
the species that is reduced, '

"
" (Q?Eiﬂﬂ-}'fl .-‘:)
T g (Redvchen)
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Redox in Electrochemistry

« Avoltaie cell is a type of electrochemical cell that converts chemical energy to
electrical energy by a spontaneous redox reaction.

A wire joining the zinc_and copper strips
provides a_pathway for the flow of electrons,

but the pathway is not complete. Electron

[ ech. transfer is still not possible. (lons build up on
the electrodes.)

How to fix this? Use a Salt Bridge

Redox in Electrochemistry

« Avoltaic cellis a type of electrochemical cell that converts chemical energy to
electrical energy by a spontaneous redox reaction.

« A salt bridge is a pathway to allow the passage of ions from one side to another, so that
ions do not build up around the electrodes.

TPl Fpibls FEGCTHET (AR
gy i bl i Bl

The addition of a salt
bridge completes the
pathway)Negative

ions move thrnugh

' Jhe salt bridge to the
Qﬁrﬁm Positive
ions move through

the bridge to the
copper side. &

This wad [wtilge and Tha weep geuwsia an
<Rl (ol il A e (P TGl i B
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Quiz

1. Which is a pathway to allow the passage of

ions from one side of a redox process to the
other?

. voltaic cell

@ nalfcell

@ saltbridge correct

. standard hydrogen electrode

Quiz

2. Which is an apparatus that uses a redox
reaction to produce electrical energy or uses
electrical energy to cause a chemical reaction?

@ salt bridge @ standard hydrogen

alectrode

. electrochemical cell

@ half-cell
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Quiz

3. Which is a type of electrochemical cell that converts
chemical energy to electrical energy by a spontaneous

redox reaction?
. voltaic cell . hatf-cell
. salt cell . oxidation cell

Chemistry of Voltaic Cells: Main points

» An electrochemical cell consists of two parts called half-cells, in which the sepamte
oxidation and reduction reactions take [JLEIEE

» The electrode wharﬂgﬂdﬂmu takes place is called thﬁﬂﬂ:ﬂ_ﬂﬂ_.

» The W glectrode where ragqc tion ocours,

« -MShlt bridge: It is a pathway to maintain solution neutrality by allowing the passage of

ions from one side to another, where anions migrate towards anode and catlons migrate
towards cathode.

wWrehr e e
« It usually contains a conducting neutral soluble solution as KCI, Naﬂl ar NHHCIH

o

- The spontaneous reaction starts when the connecting metal w:re and sait Dnﬂ'ge are in
,EIfE'EE
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Chemistry of Voltaic Cells: Main points

- Electrons flow through the wire from the oxidation-half reaction (anode] to the
reduction-half reaction (cathode) ﬁ;hr!e positive and negative ions move thmugh’{he salt
bridge

- Cuept flawsTomMeatitletd Daee
\-,m'{;w of electrons through the wire and the flow of ions through the salt bridge

make up the electric current L,/"/

* Electric potential energy is a measure of the amount of current that
can be generated from a voltaic cell to do work.

Check Point (Paired Activity)

Assign the components to the numbers
inthe image.

*Cathode

*Anode

*Oidation-half cell

*Reduction-half :
cell

*Salt bridge

*elactrolyte
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What is “Standard Electrode Potential” E_ ?

Standard electrode potential(E®) 15 the potential or voltage developed by a metal or other
material immersed in an electrolyte solution relative to the potential of the hvdrogen
electrode which is zero. )

(,Jaca’,::;e it is used as the reference point
of the scale.

Example from table 1 in the book (Standard

Reduction potentials E°) T }i__&kf_—‘ﬂ!—m—-l-l! -

Fet more \ "ulj Reduchio,

5o T

iuh‘h’ wi |

2 Table 1 Standard Reduction u* : 1 4

m\ Hall-Beactban | Hatl-Beaction
ST ] t‘l&ﬁ‘ﬂl‘j l_.?&l'.‘_- Cal® o g™ o w153 Elrfﬂt ?r
Ca™ 20" s Ca — 2868 B + 20* =2 i LT an‘ﬂi]:;g
Ni* 6" ot M 1 D+ 240 4 o™ o=t 4OH +0.401 % )
Mg e 5= e by Sr ki) o+ de* ::rll [1.5958
fa* & 2o~ gan Bo -1 847 Fel* 4+ g™ wa il +01T
AP o G e Ml =16} MO, 4+ JH® 4 o™ == W0, 4 W0 &5
Wn** + Ju™ aax in -1125 Hos™ + 2o~ o My +i M7 irﬂﬁh
Crf* o Jo” e G {0,013 Mg* s 0" w ig aﬁ'.l':l.-::# ‘ 4-!:-.5‘E l
H;0 + Je~ s Hy + 20H- —0.EIT Hg™ + 2o wa Hg #0851
Int® & Jo" wma I =0 1618 IHg' + Jo= = Hyg,* 050
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S HE _:_ s

= et sohition

- ——

Beduction P .
2H*aq) + 267 = Hilg) IE“ = 0000V 3
Cnlition

. || ehicrode

5 @

W TR W ackd saskgiion ﬁ
wn
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Example from table 1 in the book (Standard
Reduction potentials E°)

Table 1 Standard Reduction Potentials

Hali-Reaction | Hall-Reaction

Li* g™ we ) =304 L™ & o™ o= Cy* #0153

G+ =202 =20 | Gu* + 2" &= i +01KB
Ha* 4 0™ e Ha m 0;# :'H:-I:I-r-i-r' et B0H +0.401
W+ 20 Mg A b=l +05385
Bl + 2o wn Be T P p— +07n

AT e e =1661 | N0y~ + 2H® 8" wn WOy + Hy0 0775

Mn** + 25~ w2 b s | I-|-|;|.-.-‘ + 2w iy +0797
Cr® 4 36 vt =0.913 .l.q*u':-ha 015
TH0 + 26~ & Hy + 20H- ~087 '__th + 2o~ Hy +0.851

1'% & 16~ wes I 0TS ,.-"’ium

Calculating Electrochemical Cell Potentials

: ¥ &
» Formula for Cell Potential ESall = Eredy cion B

or
Egeil = E:aﬂludé i Eiu:mde
» The standard potential of a cell is the standard potential of the reduction half-cell minus the
standard potential of the oxidation half-cell.

If E*cellis positive {»0), the redox reaction is apuntanenuu{g-im]
et (8 uh)

If E*cell is negative (< @), the redox reaction is nonspontaneous [k == -
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Table 1 Standard Reduction Potentials
{ Hall-Heation
Yaa i L Tt O™ o™ o L4 1111
Catt ¢ e i 2 =-1Ha G+ i mu Cy +4. 1l
Ha" & 0" = N if B+ fH 0 45" e 41 -1 1]
Mgt e fae e WG 1 I..i 3 i 1 TR
LR R Likr .Fl” A" e fult T
TLLS e 1 -] [ RS LR T Ham
LT )] L T TR tenr
CTY e ™ i i R Y 4 Wi
J0 o D" e by B0 ok g™ i Dt e blg TE
(LS R ] PR b T ] 4

Write the cell notation and the overall chemical equation for a redox reaction occurring in a
voltaic cell. Page 184

(oxidation half-cell reaction) e~ st

Nireduction half-cell reaction)

Ha{g) + Cu**(aq) — 2H*(ag) + Cufs) (overall redox reaction)

This reaction can be written in a form called cell notation,
Reactant Product Reactant Product

|| represents Y
the wire and salt Ha | H || Cu®* | Cu\ Eg, = +0342V Cell Notation

bridge w
cnnnecﬁn% Reduction_—3
half-cells alf half-cell

(= |

.i
W, | HY |l € (cm
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Calculate a Cell Potential
ettt KNOWN UNKNOWN
Use with Example Problem 1. atandard reduction potentials forthe  overall cell reaction = 5
Problem half-calls
The following reduction half- g up s el .o
reactions represent the half-cells 8 reduction— okidation el :
of a voltaic cell, el notation = 2
)+ 26 21{aq) Given to you in the axam
;a?‘ —i The standard reduction potentials of each half-
(aq) 8) reaction in Table 1.

Determine the overall cell l,(8) * 26421(aq)  E?=+0.586V

reaction and the standard cell
potential, Describe the cellusing e 2d) *2eFe(s) E£'=-0.447V
cell notation. First, which one is oxidized,

and which one is reduced?
The half reaction with the higher E° is reduced

Calculate a Cell Potential

Given ta you in the exam The half reaction with the
The standard reduction potentials of each half- higher E®is reduced
reactionin Table 1. (@D

() *2e22Hag)  EV=+0.536V Catheld .

€effen) + 2 {FEy)  £=-0447V  Dinede 0% H.;ma

@E:m = En:h':u“h: ©-536 -(-ouu?) TL.0:99%3
@_.w;-ﬂ T+ Do —(t L)
| — Fo <28
TitFe — 21 4w ;

B ool foe poiel WL LE
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Calculate a Cell Potential

SOLVE FOR THE UNENOWN fﬂﬂﬂﬁﬂﬂ&d}
« Rewrite the iron half-reaction in the correct direction.

l,(8) + 2e°421"(aq) (reduction half-cell reaction) because it has the higher E°
Fe’*(aq)+2e+Fe(s) (oxidation half-cell reaction)
« Add the two equations,
l,(8) + Fe(s) + Fe’'(aq) *+ 2I(aq) Overall reaction
Calculate the standard cell potential,
« State the formula for cell potential,
E 0 0 0

=

cell E reduction Eﬂxldatinn

. 0 . . .
Substitute EEE Ir and EEI-!EE" IFe in the generic equation,
0 0 0
Eell = 1L ~Ere?|Fe

Calculate a Cell Potential

(s} + 2e~32I(aq)  E°=+0.536V (Reduction)
Fe(s)+ Fe?laq) *2e~ E"=-0.447V (Oxidation)

0
E " =+0.536V-(-0.447
cell { V)

Y -4p083v
cell

Describe the cell Ljstng cell notation.
« First, write the oxidation half-reaction using cell notation: reactant then
product.
Fe | Fe*
« MNext, write the reduction half-reaction to the right. Separate the half-cells by
a double vertical line.
Fe|Fe* ||| I
Cell notation: Fe | Fe®* ||, | I
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Calculate a Cell Potential

l(s) + 2e+2{aq)  E7=+0.536V (Reduction)
Fe(s)+ Fe?'aq) + 2e- E°=-0.447 V (Oxidation)

u = =
E_., = 10:536V~(-0.447V)

0
Enutl

= +0.983V
s this reaction spontaneous or

nunspnntanec}us?
It is spontaneous because the cell potential E°cell is

positive

PRACTICE Peobisms W AOCHTIOMAL PRACTICR

For aach of thede paing of hall-fteschons, verile the balandsd equation foc the owirall oell
Fdar to the module on redos reactions 1o review wiiting and balancing redax equations,

1, Pridgh + 20 = Pajs) and Bn"'(ag) + 267 = Snfy)

2. Co**jag) + 20 = Cods) and Cri*[ag) + 3o~ == Cris)

A, Hg''iag) 4+ Z2e = Mgl and Critjag) + 2e” = Ciijs)

. CHALLEMGE 'Yvile {hé balanced eguatron for (b coll reschon and colculadir e siandard

coll podendial o8 the fepchion thal Socurs whan thess hall-oells e coanechsd. Deschibo
the roaction uting ol notation

NO + 4H" + 307 = N0 + 1.0
O, + 3H O 4 b wd 4OH
i N |
P’ fag) + 2 = Pr{s) | Co' (ag) = 2e == Cols) Hg'' {ogh & 2¢ - Hgil)
l:h £, ¢LIAY (‘-E E. = -0IKY @ By = o33V
Cr''[ag] + 2 =+ Ca{n)

Gu™ (ag) + 3¢~ — Sala) Cr' fog) + 3¢~ Crla)

By = -0IATE Y E = -0THY E=-09M1Y
wi

Wil = Al = 3t = KO = 20

'cg El = +0957 Y
iy 20+ 30 =400
i = 40401 ¥
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PRACTICE Penblem W ADCITIONAL PRACTICE
Fat aach of thesi pain of hall-sesctions, wrile the Balanced squation for i ovarall o6
roaciion, and caltudsto the standard ool potentisl Desonbe the renchion wsing ol notation.
Firdor {0 the mosdube on redos neactions 1o review wiiting snd balancing redax eguations,
i w"ﬂ‘?"m +20 = Snly] | '15} . ) Eq-ﬂh
=- w.m i ]H Iﬂﬂlﬂﬂﬂd'ﬂr"hﬂ]' ]' - E‘hl‘ I“I I'Ihql;l T ! ”_.I
2. i jon) 4 2o = Mol and Crag) ¢ Do =2 Cily By e inipy T
f, CHALLEMGE Wilw (s balanced sauniian for th col jeattion and colculide Mo sinndird ":'I' T
coll poterial for the seaclion IMal accurs whee e Tall-Calls aie connected. Dascribe i) w3 <t Buis) »
I raaction using cell natation B e o018 !
il
NO, + 4H' + Jo 0 4 O - oY%
—m—

0, 2H.0 4 4" o 4OH

1) O T ® En - £, 4 ® WG (-0
sy[-31%s5 V

© T w— PE &o
@%}Sﬁ — 531* -'r\‘bl:
TE1+*SH —p ?jc "1‘5-.:'*'

\i*rﬁ**""‘"gﬁ /

o [‘in“ #'Il'i"l-ﬂ:-

PRACTICE Prosssm W ADDITMOMAL PRACTICE

For each of thide paits of half-reactions, write the balanded eqiation far the ovirall ced
Hedier 1o the module an redox neactions 1o review wiiting and balancing redax equitions.
1, Pi"{anj 4 2¢~ = Pis) and 847" [aq) + 26" = Snls]
2. Co"(ag) + 20~ = Cofa} and Cr'*[ng) * 3o~ = Crfs)

3, Hig*loch + 2e° == Hol) and Cr*{ag) + e == Cifs) " \epem 35
i, CHALLEMGE Wil the balonced edguabon for the cof feadhon and caliulale the sandind i
toll potendinl fod the nbaclicn thal occurs when thede half-cells are conneclid. Dedcribe A . LA =] {\..E"A-t)
thi reaction using coll natation e = E"‘ ; ;i ) : _ﬂ. v =80+ L0 .
0, + 24,0+ & ot 4OH" r095+ o el — —
¥ o i yo | Oy M0+ e 08 ('-:-"'* 'f‘?.)
T _‘_‘-5-. 2 E
-3 Ey= 01V Bapad

HK”—-‘*M‘H fIz_a_-..:—l"f” ~(3H,O ‘h}"
Mq‘"‘j& = d-ﬁ&q o X
+ "IJI'_E:}

ﬂfﬂ*ﬁj +L&H*-|-lznu — YMNO=+ 39

—

we et o~ oW | O, I NgT) NO
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s 1T
o e of irwr i ol il vt Wi e
Tnadararorel] g o m lwy Wl vy i ool v e gl
allets the samsdied sl padssatal T epress e
rra wing 1l msaimes Ueler 1 il 1 bapeer o :
L 4. Challenge Wiite the baluorre equation fir the cell
L P s B s P raction snd cabrulaie (he wanslapd ged] poteniiad for
LT S e iwaction il coours when (e hall-cells am
Y g « S -4 P o S g comsrring, Desrrile e rraciion yaleg ovll relaion
IR T 11 B0 W A & Be s MO HED
l.:,-.- FEELY Oy o EHAD & 8 n 40H
Salfa" PR AN () + I20H tag) + 16H {ag) -||..'Iﬂ||:|l
L C* g o B o i + ANGHg) + LN
(W 1 [ e o w wBLEET Y = (o040 V)
B eamy - arn v OHHIOMNGY INO
e 11 e
il e is
L g i - e Mgl
Ci*tngl & v =+ Cihl
"t + Crind s Hligll = Co® i)
l-:,.- ALY - R W
l‘.:.n-l.l'l'l'l'
Cili g 1y
PRACTICE Problems W ADDITIONAL PRACTICE
Calculnte the coll potential io determine if each of the following balanced redox reactions ts
spontaneout a8 writien. Use Table 1to help vou deberming the coimect hatl-rosction.
5. Snis) + Cu'*{ag) = S0 jag) + Cuis) o we el ;i l"':l-i.‘j
6. Mols) + Pbr**{aq) ~ Phis) + Mg™'{aq
7 ?W'tﬂiEHJD?+M'h?H i e - Jge it
ZMnG), " (aa) -+ WeH' (ag) + SHg, ™ (ag) Sy —_
B. 250, (ag) + Co™{ng) — Cols} + 5,0, (aq) i el "{" =

€. CHALLENGE Using Tabile 1, write tha equation and detorming the cell volage (£ for the W) hr,m';ﬂ
Tallcwang cedl Is the reaction spontanecis? o>

@ b Mg | Mg, e VY PHH
{Cu'" |u-;|| Ze -+ Chila) @% r'i*'m;u e Hg; (ag) + 3¢~ 2Hgll)

| 80" fag) + 26 -+ Sals) Mg (og) + 3 =+ Mgls) Mu0, {ag) + 8H (ag] + % = Mu'' (ag] + 1H:0(1)

E, -uur

_ Eoy = -20mN Ea = #1500V
o™ [} + 2e h-n{ ii ®"F. "logh+ 2 = Mgl
Bym =Y E = +002V
S:ﬂ.: [} 4 e r]'SL]'j (g} |'1:|!| (] + dr == Alfa]
Eog = #2000V Eoym =100 ¥
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PRACTICE Problems R ADGITIOMNAL PRACTICE

Calcutate thi coll polential fo determine if each of the following balanced redox reactions is
spontanbous af wiithen Use Table 1 to hedd you determing the comect hall-teaclion. __’_,a-ﬂ:“

6. Sni) + Cufag) == 50" + Culy) _H_ )
6. M) + Pb7"c) = Pols) 4 Mg” f) @_, Uy ﬂQ-r.&-
7. 2M0{ac) + BH,0f + 10Hg "(og) =
M0, :-mmw%w el — \-:_..hq" Gl
8. 250, ) + Co™(aa) = Cols) + 5,0, o) (oY) (anedn)

& CHALLENGE Using Table 1, writc the oquation and dotorming thie cell voltage (£ for the
following cell Is the reaction sponianeous?

Al| AF [ Hg™ | Hg,™
:(J.} Hg!*fag) + 2 = Mgl i
[ — ¢ =T
o B0 iy et E:Cr-ﬂl"-‘ n,,ﬁ‘z.-lg.}-
Mal), (ag) + BH ' [ag) + B = Ma"" (ag) + 4001) g
1Y Pna bk

PRACTICE Problema W ADDITIONAL PRACTICE

Calcutate the cell potential fo determing if each of the following balancod redax reactions i
pantaneaus a8 written. Lse Table 1 to help you determing the correct halliesctions.
B. Snjs] + Ca () == Sn*fag] + Culs)
&, Mgis) + Ph*lag) — Pofs) + Mg™'(ng)
7. 2Mn""lag) + 84,00 + 10Hg" [aq) —
2400, (ag) + 16H'{ac) + BHg, " fag
8. 250, {aa) + Co™'{ag) = Cols) +5,0," ag)

9. CHALLENGE Using Table 1, write the equation and dotorning the col voltage (£% for the
foliowing cell ks the reaction spontaneous?

Al | AI™ || Hg" | Hg. ™

Ca'' [ag) + 3" - Cufs)

E POHIBY

-l
Sai'* [ag) + 2e = Sals)

= =007 Y
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PRACTICE Problems W ADDITIONAL PRACTICE
Cailculate the cell potential to determing if each of the following balanced redax reactions is
Spontaneous as writlen. Lse Table 110 help you detorming the comect hall-reactians. 24 ¥
5. Snfs] + Cu'“{on] = 507 ag) + Cufs) z 'T’?@-_p
&. Mols) + Pb"{ng) — Phls) + Mg™*jag) g i
7. Mo {ag) + BH.Of + 10Hg " [ag] — o *
M0, (b + WM o) + Sk, ™ (aa) -1 )
B. 2507 (sa) + Co™{ag) == Cofs) + 5,0, (aq) | E, = 4020V

- CHALLENGE Usng Table 1 wrife the equation and daterming the cof vollage (£7) for the
fallowing cell. 1 the reaction spontaneous? T
Al | A r,’w -

AP (ng) 4+ 3¢ = Alls) |

B - D R
prelde erdrie

Cal s €T o =L~ ik 2)

D l’“ Hlﬂ*" - . _‘i?is:.-uu.t

LAV By —> LA 4]

Calculate the cell peteniial to dilermine iFesth of the
Todlivabng bakaneed reddx readtians i sponranses i
writlen. Use Tabile 110 help you determine the correct
hall-reactbons.
8. Sia) + Co o) —+ S fon) + Culs)
EL < L M19Y - (01375 V)
B 290 () + Ca™ o) — Cods) « SO0 ()

E, =028V - [+2010 V)

E =-22V

< 0: not spenianeais

g TR Y
E. = U spontaneoss
B Mgish + PP (g - Fis) + Mg s}

L =08V - 2372 V)
8. Challenge Lsing Tabde 1, write the squation and

Eg 10NN elrteremine the cell voltage (84 For the Sollowing cell
.E'_,;- B; ; Is the reaction sponfancous?
7. 2" (a) » B0 + 10 logd —» M0 {ag) sugialhes Tkt
Lol ang) i ol (1T S [ P T :
VB o & S g \A2Alls) g ag) -+ 2A1"(ag)  THg." fag)
=082V - (1901 V) B =020V - 1662 V] .
L The reaction is spontaiedis,

l‘ E < B mot spomianeuss \
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B Check Your Progress

Summay Demonsirale Understanding
o I el (O, Cocdhation W DkLribe (P COPPEONE WD WEACH & |bdkon FOBCTON

] LA BOR VAR piado Al
i S o T
wid [} iy

Th samsdsd polonbal of b
Pl ¢ el iRACTm A& 03 vORag
et arnd with & sandan
Fycfogen slettinde uhde:
wtangard] comidmnng

Thiy inducien Dolental of

i Pt | repgartnee of 1l

URHETOES Sulabion whin
enrrpriegd oo vlandag

Prychogen siectoce. The
el Bon pOlontal of & ha¥-god

B poulnve @ it inoei Do
Pt BOr wihnt (DRRECHEC 20 A
standanl hydrogen sedrode

The s pojeatal of
& voRlisd ¢ol g By Oiflar
08 Dirbap0n [he SIandeni
PO BTl of
ot L EO KT FTE T

kel an elecing cument 10 Aow thicugh & Wb
1 Mandity P componens of 4 vollai ol Ewplan e
pisy OoF i h compotint i 1 openbon of The el
12 Wrle e DAL &0 eOUADD FoF (e ApOMABNA0A Crl
PESCTRA TRl GCaps i & il wath s (Edurion
Pl 4 e B
& AR @ e AN ona NEC fagl + 2o e REN)
i lh,l"'ﬂ.i-*:l'l- e i) st JH ' [ag) + 20 ﬂH#
¢ §n*-jag) + 2o~ == Snis) and Fe™[aq) + 3a & Faiy)
d. Pol i+ e e Pedul & 20 tegl end Ptjag) +
2~ o Pufa

11. Deberming the sandard pobentish for keciocherical
LT N WPICM LR FLALDN EIEErES (D Dveral
<l reaction. 1enily the restior #l sponlardous o
PRI LA By A Tl
& A e & JOutul — J0u fad) + AN
B ey o 200 a0 = 20U (A + HG
& Catef + 2O, a) + &H"fag) == Cofag +

INE & IH.O

W, Design a cancepl map fof [eaon 1, Manting with the

g sgCiraohemaod Ofl InColpar b all the new
wOg by Liperim i g mags

I& Check Your Progress

Sumemay

o A VR AC [l pEAERDOM
e Pl Y ALY )
wesc br e wepatatid Yo
raLh Difine

Demonsirie Undersianding
0. DraLriber e COrIEnS, O WEKCH A 1800 FRALTH
Pt A heCIrs apren] 17y Mowh BGGh 8 wie

1N Mdandify e components of A vollae ool Eaplain fra
Py 0 el 1) COTIERSP ] A0 Thie b rafadey o Bher (ol

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED

FOR TRAINING



School Branch 1 o yutadl § il

School Cluster 2.4 4.2 uyud| Gladl
d Ed. Complex - i Al asla]

Zaye m:np = bty A N 85109 @'HI"“J. e Iﬁljw

Al khawaneej C1,C2 & C3 MINISTRY OF EDUCATION il g aptl g Jo¥l adlall

12, White the balanced eguation for the spontaneaus call
pEactian thal Geours in s cell with thess reduction

hatf-reactions, N G
= & Agla) + & = Agis) ancii!'(ag) + 2e" i hig) |50
b, Mg*[aq) + 2e =t Mofs) and P {ag) + Je- = M jg) Ko = ~013THY
e Sntag) + 20 = Sn(s) Hag) + 30~ = Fefs) Fe' (ag] + 3" =i Fefa)
LA Polis + Je F'IPHEH'H (acilend Pttag)+ = Foa = -0.03 Y

—— 20 =Py

| Ag”lng) + & = Agiw) 'ﬂ :)

E w40y

N ] v B e ."a-ll.ll-w '-‘q-l"""- J‘-

“-.I'Jlfv'- B =i Pa) 20 )

By, = -03%V
K % DMV
M,,-"' P fag) 4 2 o PHa)
b" Eo = +118Y

| Aig" lag) + 2 =« Myls)
K, =-211V
B TR

1 = 00000 ¥

11 Deberming tha viandard potemial ‘oo slechochemacal
R i WA D6 SOUATON IEPIEERD The varall
£l FCTion, Rty B reaCheRy il ADSRtard o
REALECALIEGA 44 Wil B
n 5 & - ' B
b bl “jad) + 2Cu ‘iagl— 2Cu" hﬂ-l-iw
£ Celi) # IND, Inﬂrﬂ*wnww,
M0 ) + 21,000
i, - fr] :
AL, UGN g ¥ TR R
ey el eant) ) Eeall J
| O o)+ 3 = Oul) = =2 .00y

Bl = <010 Y IE?L C_-I"-"H-"I-) =

h et v Hgll) 5?-1’## 4"‘

K= <0551 ¥

i (gl e e == £ dasg)

£, = <0183V

| WL (el =+ 2N o) = 0" = Nikgl = N0 |
oy 40T Y

Cof' {uqgh = 3™ — i)

E = =Dham Y
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Lesson 1 Lheck Your I"I'W'I!'.'!

junis A1

10, Deicribe ihe oomdinem mder which o rdox
Feaction v i el camenl o fow (heagh &
wiee

A bt bt el 1 ek i kil e Dl
el s 8 redii o kel restisn se
vunmected by 4 sali bridge andd 2 rondwrting wire
ressilts in & Mow of electmm feleciric carmmil
Usrwugh the roncharting wire.

i Hll'li'jlh':mvrmnfwﬂﬂi el Fxgpilain (he
ruke of v companent in the operation of the oell

A valighe ool comsbay of s anode, 3 rathode. g @l
biriubge, il commer ting wire betwarn the fus
eleoiiisde, Oildation ke plice 52 il anods,

ivdbartian Lakm plice 5 e cathads, (b vl Lirkdpe
bl il of wie from one siliithon (o

sther, and ihe wire allows ibe pnsage of elenirom
Tiroem the amod 1o the cabode.

electrolysis.

Btectrolytic cell,

1. Write e balanced rquation for (e spontaeon

i thai ooron in 8 cell with iese redieciion hall-

Tl T hifis

B Agiag) s ¢ b Apia) and
NI B M)

IAR + NI = 2Ag+ NI

[ b W™y o Do - Mighi and

JH g & B s Malgh

H:+H'.|"-|.'I|H"'|H|-
£ S gl + M= Sl el e Gag
1 4 Feld

2o (ag) + Xl -» EFels) + Boar™an))

d s o e oo P o 21 (mph
aied 4" g o B =8 P

Phiad + 21 das) + Pr™{asg) = Philsinh » Pais)

Electrolysis

Reversing Redox Reaction

(anbe

h

1 Dopberming e aschand raroetal fs eles oo b o

e b which rach equation mprewsn de niall
el e o, ety e dosd | b i dpiamdik o

REATHRITLACURIY i AEH

T I L) = Il - S0u" g » AIR)
E F:,:-1.I.t'|.'-HJ4I!'|.'j:-I.I-L'.'

b W™ g« P Lt - F0a™ o] « Higll
E o BV = B33 V) allAE

b i

£ Gl o 2h fagl o 0" ] e G
IOkl + EHOM

F ATV - i) LI Y
puHAATHA

A
The use of electrical energy to bring about a chemical reaction is called

b phent
Anelectroch E[I]lgﬂl cell inwhich E_l.ﬂﬂmlﬁiﬂ oceurs s called an Hl‘lmwn

e ——

For example, when a Secondary tiattery is recharged, it is acting as an =
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Reversing Redox Reactions

* The use of electrical energy to bring about a chemical reaction is
called electrolysis.

* An electrochemical cell in which electrolysis occurs is called an
electrolytic cell.

. |I
|
.‘. ¥
i3 |
Valaic cell Bhwctr oty cull
Figuro 18 The sne-coppoe s ctrodd o s i an bo A uhfl’['u il o B nh‘.";:nlyllr eoll

indei s peich el frocienmical cpil |rﬁ|T|.'l-.|-'|;|'.r5 n;.l.-.ll.h'-.l" inar & reelea?
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Quiz

1. Which is the use of electrical energy to bring
about a chemical reaction?

. reduction

'. galvanization

@ -=lectrolysis co ﬂH@

.' oxidation

Quiz
2. Which is an electrochemical cell in which
Eler:trulrsis OCCurs?
@ avoltaic cell @ - haif-cell

=

@ afuelcell @ an electrolytic cell
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Differences between voltaic cells and electrolyt

cells
Chemical energy - Electrical Electrical energy -+ Chemical
energy ey
Voltaic cells convert chemical | .
energy to electrical energy as a Electrolytic cells use electrical

energy to drive a nonspontaneous | —

result of a spontaneous redox :
mﬂin“. —— reaction. I____-""..-FF

: in these nln::trﬁdmin.al :':nﬁa.'thn | Tllnlaae ml.lu ﬁantura B8 Eiﬁuﬂx
anode is negatively charged, and | charged anode and a negatively
the cathode is positively charged. cathode.

The electrons originate from the Electrons oniginate frem an external
species that undergoes oxidation. | source (such as a battery). il

NOTE: Eamamw.ﬂfs where Reduction happens regardless if the cell is voltaic or Electrolytic.
e T ——

Anode iz Always where oxidation happens regardless if the cell is Voltaic or Electrolytic.

» What type of electrochemical cell is this?

Electrolytic cell
i Al 12
» What is the charge on anode and cathode? H-iu I B ,
Anode is positive and cathode |s 1 !
negative

« |5 the cell reaction spontaneous or nonspontaneous?

Hﬂnspuntanev
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Electioplating l".--'l'-""Jf‘il'j Wi = 'IH.A.\'-\

Oiects are eloctroplated wheen & wnlivers coating 1 deposited wmlly 6 o protectie
decaratv baver The sohsdtance ised | hyce :f;l:l'rlrt:ll |‘|rﬂ|'n|1|,||'ir.|,|; with a metal
Wi AkRlver 1w aoompdished wikh g method silar (e that wsed ioorehne copgs The
Y i T afhrpliled B Wt Cathod dF an clectmdyia oell, The iy &= 0 sl i o
sheel as shown i Pygure 22
AT = gl

Al the anode, siver b ouidized o st ons as electnons ane eemevid by the power -+

spirge. Ak the cathode, the sliver jons are neduced bo silver metsl by electnons fram the ﬁ\'.? — -‘4'_?

waternal poer source. The silves harma a Uhin oost Dt prlaiend,

Curpent passimg theuugh ihe orll musd be carefully cosiealiad inonder fo get s smesth,

even metal coating

SiE b d!!| -.H I-Ill 1 i ted pn e plns |

I AL AT (R WA 0 I R T 0 R Rt Rl it A

L T E T e A A e
i
e - -
7 4'__.:| "'._____..-r".' .1"' ':: L
ol 14-.!

Thosmigh the ol il el
vﬁ;;hunnrdp Ly 0

O

gl the g l1a Adda [

Thmagh the s s a0
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o beba®
s E';“ Ea7™
e P - ¢
WO o, e
C.-"J:’\:"H' & 1
T
o fa <
g s\
@r e
Hy i
ok e
| 0
! 0
) 0
@ L-’/’- )
e kg et :lh'.i.mimludl adich e ol R = e
e

o Iy

Wl b vt ks i e o g o o i Al
= ﬂ@ T
P wtjg 0

Hﬂlﬂl‘l‘.ﬂfh" !H.J:l' |:| NI Fuka 0
Mk b Il i 4}
Ualdataalda (ghed {:]
Albad b ibiign =uE 0
N igppm ki ip ] . il (4]

fadienod i

¢
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ﬁw.”‘hl.“'! —\J-'I-J - —.ll_l.- |...f.l—|.l|.l.
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The figure helow shows a picture of  key being dlectroplated with copperin 3
clectrovtic cell. Which of the fllowing statements is truc?
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LR 5.6 00007 Explain why carhon forms many campounds
Caibd, 6.6 0F 000 14 Idertity the mais [gereral) charactariatic of an organs compeotind

7V EHK A0 100 ] AR P eplatin, uaing Lavwas diaginm and bal-atick moiked (ha dfananca babyaos andinadod aid orasli#nies Feydmoaibons

CHM.S.6.00 103 40T Doacnibe ino pocess (and io saparain peirolpumn comgouncs By s plaining tha physical properly umpd during tha

LRI

Why can Carbon atom form so many different L‘.-rganic |
compounds?

» 1. a carbon atom has four electrons in its outer energy level
valence electrons).

« Carbon can share 4 valence electrons, thus it can make atotal of
4 covalent bonds
P

@ i /® Hl*
Eﬂ— S

:C: 152 252 2p’
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Why can Carbon atom form so many different organic

compounds?

« 2. a carbon atom can form
four covalent bonds with
atoms of carbon or with other
glements because it has 4
valence electrons.

Racall; covalent bond is formad when
two atoms share pair of elactrans,

| Why can Carbon atom form so many different organic
compounds?

* 3. Carbon can form single, double, or triple covalent bonds.
Typoofbonding | Bond structure | Example 3D ple |

| Methane . '
0 %N
H
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Figure 2 Carbon can bond to four other elements
and form thousands of different compounds.

sHEmE -

=k

&

Muidafs of Malhans : s
H -
iCH, = o
, c®o 6
H
Mk il Fre il Ui Mo o | el i i 00 1 il e o Bl S
b Pignare 114 Therrh e bep -t dodeh by opeesped p ey 6] duin g

e by g B i g by N A e ol

Maodels and hydrocarbons Chemists represent organic moleculas in a vanety of ways. Figum B
shows four different ways to represent a3 methane molecule. Covalent bonds are represented by a
single straight line, which denotes two shared electrons, Most often, chemists use the type of
model that best shows the information they want to highlight.

A5 shown in e 1.4, mobecular formulas give no information about the peometry of the molecule.
A structural formula shows the peneral arrangement of atoms in the malecule but not the exact,
three dimensional seometry. The ball-and-stick model demonstrates the peometry of the
molecule clearly, but the space-filling model gives 3 more realistic picture of what 8 maolecule
would look like if you could see it. Keep inmind as you [ook at the models that the atoms are held
clasely togather by electron-sharing bonds.
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Lewis structures and structural formulas

* Carbon can bond to other carbon atoms in double and triple

bonds. These Lewis structures and structural formulas show
two ways to denote double and triple bonds

Orie shared palt Two shared pairs
va ..pﬂ TR Three shared pairs
e il C..C A
|| X /
—Hl':—E— f':ﬂ —Ea =
I

Singte covalent bond Double covalent bond ipee: conmtent bond
« @i« = cathon glecirons
« = eectron fram another atom

Bondingin
Hydrocarbons hydrocaibons
—+Bonding in hydrocarbons: | ' |
i Multip!
. . LULtipie
unagturated Single Bonds P
Bonds
Mote:
the ending —ane indicates a single bonds cnly, ’_[ ]]
The ending —ene indicates a double bond,
and —yne indicates a triple bond. Saturated Unsaturated
rocarbons Hydrocarbons
MNote: e
the term “unsaturated” means maore ] [
hydrogen atoms may be added to ,
_ bi oo
the hydrocarbon to make it saturated. o '.J:_ N ”_l|:_{|:_ " .:}H{” e
i o : H Konigme
Pl K ifumnn Ejrpra
Bavurarei] livolvos sl R T TIIRE T e T Ty a—
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Reacting with Bromine: Double and triple bonds
(Unsaturated hydrocarbons)

Not reacting with bromine (single bonds): saturated
hydrocarbons

0 | CHMS 01001307 Use IUPAE ayabem b0 ramo sdphsdic alkanes (sbraighd chain, brenched, non-ubsiiuied and substitubed)

10 | CHRELS b 3003 U IUPAC ayabsm ko sama cycloalkans [non-iEonched, beonchad, mon-sutadiuiod and gubebfuiad)

CHML S 00006 Use the siructuses and furchonal groups 1o imerpred tha physical properies of srganic compounds {2.g, melling point,
11

boding poirt @hd solubBty in welsd).

Straight-Chain Alkanes

Alkanes are hydrocarbons that have only single bonds between
atoms.

Structural Ball & Stick .
formula Model Space Filling
Model
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Straight-Chain Alkanes

* The names of alkanes end in-ane.
*  Alkanes with five or more carbons in a chain have names that use a prefix

derived from the Greek or Latin word for the number of carbons in each chain.

»  Example: pentane Tabie 2 First Ten of the Alkane Series

WOsCuiN Condensed Stroctural Fosmula
Formula

Weething {H, CH;

Fituse . iy | Chiyly

e | O | CHOL0,

Butane Ly | ﬂ*ﬂ.hlm:mb

Penjine ' oy CH M O, EH W,

S CH O EH,CH N M

Heptane I Cdiy CHCH fCHCH CH ALHCH

{r1me . Ciig CH M o CHy

Honana ' Tk | CHCH hCH,

Decine CeMlyy CH I g Hy

™ lemces O W

E T i .
suls b ek greu S
Table 3 Common Alkyl Groups Cw Yran =)
- Ma | P ’
gyt Ethyl | o hqw:y Butyl
CHy— | CHiCH,— |CH EH,EE_}— CHCHCH, | CH,CH.CH,CH,~
‘:Hy- ik E
' 1 H
" | i H=CH
H | H=C—H H_"!-'_H |
He==H | i H=C—H
HeeC =H . EI: . H-—:‘I_'--H ‘*I:‘ :
— = St H=C=H
| H=C=H | H 'I: H [
| i H=C=H
|

[Exmpenar vt
cHhzcd,, B, e oo\ = i —
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Straight-Chain Alkanes

» Aseries of compounds that differ from one another by a repeating unitis called a
homologous series.

+ A homologous series has a fixed numerical relationship among the numbers of
atoms. For alkanes, the relationship between the numbers of carbon and
hydrogen atoms can be expressed as C H, ., where nis egual to the number of
carbon atoms in the alkane.

* Forexample, heptane has seven carbon atoms, so itsformulais G.H,, ., or C,H,,

Branched Chain Alkanes

»  (Carbon atoms can bond to one, two, three, or four other carbon atoms, making a
varlety of branched-chain alkanes possible.

A straight-chain and a branched-chain alkane can have the same molecular
formula, but their structural arrangements are different.

« The order and arrangement of atoms in an organic molecule determine its

identity,
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Your Turn!

* Use the IUPAC rules to name the following structures.

P, ':l:Hj rl.-H;
CH;CHCH,CHCH,CH,

2.4-dimethylhexane

Your Turn!

* Use the IUPAC rules to name the following structures.

g g
CH;CHCH,;CHCH,CH,

>

2,4-dimethylhexane
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Your Turn!

* Use the IUPAC rules to name the following structures.

5. 1|:H3 LIHH
CH ;'IlIH sCHCH,
CH;

Your Turn!

* Use the IUPAC rules to name the following structures.

<
+r:|-|]<|:¢:|-|,\:|-|r:|-|4
CH;
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Plenary Page 224

Draw the structures of the following branched-chain alkanes.

-E|'|'-| FH| F"IEHIEH:I-
* . 2,3-dimethyl-3-propyldecane 'EH,—EI-I—I:H—E.H,—ﬂ-l—t:l-h—ﬂil,—ﬁlll,—ﬂ-iz—ﬂl,

» b. 3,4 5-triethyloctane tl.'HEEH, I'I:HEEH,
CH,CH,CH—CH—CHCH,CH,CH,

|
CH;CH;

Cycloalkanes

* An organic compound that contains a hydrocarbon ring is called
a cyelic hydrocarbon. (Cyclic = ring-like structure)

* Cyclic hydrocarbons that contain enly single bonds are called
cycloalkanes. Example: cyclohexane

* The relationship between numbers of carbon and hydrogen
atoms in cycloalkanes can be expressed as: C H,,
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Cycloalkanes
Cyclic hydrocarbons such as cyclohexane are #‘_CH:
represented by condensed, skeletal, and CH, CH;
line structures. EH{-._ EH;
-~
CH;
Condensed structural
formula
A

c.\c A
Skeletal Line
structure  structure

Activity (Practice Problems page 22

| Q,FH-

methylevelopentane

LH CH«CH,

i

Zethyl-1A-dimethyleyclohexane
CH-CH,

CH.CH;
1 3-diethylcvelobulane
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1. CHALLENGE Draw the structures of the following cycloalkanes.

a. l-ethyl-3-propyicyclopentane
b. 12,2 4-tetramethylcyclohexane

B1, Shalhonge. iy tos scormd vh the Follmong b. 1.2.24-tetramethylevelohexane

pyeloaliames.
i [-ethyl-5-propylevclopentane CH,
£y CH;
(\ CHy
k r

€3Hy

Properties of Alkanes

»  The structure of a molecule affects its properties.

+  Alkanes are nonpolar. They have little intermolecular | yupie 4 Comparing Physical
attraction and do not form hydrogen bonds like water, Properties
Substance Mﬂ'ﬂ'ﬂﬂ
i d formula Wiater (H,0) [CH
»  As aresult, they boil and melt at lower temperatures  ElillL ‘!
than water. Molecular TSI
+  Alsp, they are more soluble in solvents composed of I
nonpolar molecules than in water. sty i ”
temperature
Bolling W | -l6C
Fl-l:ll:ﬂt
Melting : -
point i I
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Properties of Alkanes: Chemical properties

» The main chemical property of alkanes is their low reactivity. Why?

* Molecules such as alkanes, in which atoms are connected by nonpolar bonds,
have no charge. As a result, they have little attraction for ions or polar molecules.

« The low reactivity of alkanes can also be attributed to the relatively strong C-C
and C-H bonds.

w Figure 21.11 Wany sobvisis—usid
o Thiners for pairts, coalinge, wiases, phi-
tecopiet fnie, i, and prinber pris
Inks—contain alkcnes and ojdoalianes
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\& Check Your Progress

Summary

« Allanes contiln only ungit
oy Botwaon carbon Soms

« Alnnes and other grpanic
compounds are best ropne-
sented by structursl fommulas
and can be named ulng
vystomabc rules determined by
the Intarnational Unéon of Pure
and Applied Chemeadry (RARAC)

« Alkangs that contain trydro-
corbdn fings abe called ¢y
e

I3, Damcribe W i dpagial Samsgianatiys ol

Demonstrate Understanding

12 Describe the main structural charactonstics of alkane
rCleC uled

13 Mame ihe folowing structures using IUPAC rules
8 B cw, ¢
CHy [ CH CH,
cH éHEZI-l}CH.EI-l S I:Im‘u
i i EH,. CH, 1
. Describe the genernl properties of alkaned
¥ Draw the mospculsd structure for each of the

liparing
8. 1ddiethyiheptane ¢ 1-othyl-d-methyt
eyclohiane
b, 44sopropy- d L2-dimethyicyCloprogans
Imettyldecans

1. Interpret Chemical Structures Wiy i Ihe name
J-butylpentone incorrect? Based on this name, write
i siriacturil foemuila for the compound. What s the

eoerect IMPAC nama for 3-butylpantand?

14, Drasdl the moltecilar drsstine bor pach al

okt s s
Akane sry chin or ring b srian n Mty eptine
rantaining snh usgle raren carken oo et -G,
ol €~ O M M,
13, Mare ihie Sallennmg sinasws wimg [LFAC ns £HEH,
i £ b. i 1-methblecans
| £
ORI, !
00 M= O LM
o il bprai s
: b Inkerpred Chemszal Blstbures by b ibe
[} L1 e, % 1a thr nns
t. |rytd-mednicyrioheun: byl peree cimrent” Baset o] thit rame. st
CHLTH DMy CH W, ihe eructun| fommady oo e componnd. Wiat ji the
: ] eomreet TLTPAL s for Lty hetans
LW
RS 8 Y
T el bpppane ey T .
g \____.-'-ﬂrr'll il | Z<hmslivieyehpropess ...:H
I | u'll' l|
I
ClLA AU i iif
i B w i w
1 rils] LA trimmein evadshryine it Wt E.E =
M, e kmgeil condipasm canfios chali fwwisins

14, Describe b geneial properiies of alkanes

The C-C and C-H hondy are nompalor, making
alkamis ineoluble s water, a polar solvent. Allane

wre good sobvemts for other nonpolar sabctances,
The bamds are alse sirang and sinble, making
stkames reluifvely mireariive.

wrien rarbea gismm, poi e corbon piem. Pirei
chals lis e Cinlon ibsims W10k an A0 greap
oo extbon N Loty Thapha.
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Alkenes

* Alkenes are hydrocarbons that contain at least one double bond.

|___—_—_————_-

Because an alkene must have a double bond between carbon atoms, there is no 1-carbon

alkene.

The simplest alkene has two carbon atoms double bonded to each other.

The remaining four electrons—two from each carbon atom—are shared with four hydroger
atoms to give the molecule ethene (C,H,).

The smallest Alkene
“Ethene”
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Examples of Alkenes
Ethene Propene 1-Butene 2-Rutene
f_i-.H‘ C]Hi ch[ [iHE

H H H\‘

! W cg“ v

‘I'_=E’I c: ) IlrH H,r nc: H H‘J Ml

§ R "'JH‘ g il of H \:\ﬂ
H H.r 1H Hr "

EH,;:':HJ CH—,_CH=‘H-!|;- 1:H1C|"|_:CH= |:H:|- EH;!'[.-H='[:]'ICH;

Alkenes

* Unsaturated hydrocarbons that contain one or more double
covalent bonds between carbon atoms in a chain are called
alkenes.

* For alkenes with only one double bond, the relationship between

the numbers of carbon and hydrogen atoms can be expressed as:
CnHzn
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Naming Alkenes (with 4 or more (

¥ |

* To name alkenas with four or more carbons in the U S

chain, it is necessary to specify the location of the C=C—C-C
double bond, fig. 21.12. 1-Butene

1. &4 3 A

* This Is done by numbering the carbons in the C—Cm(—=(
parent chain, starting at the end of the chain that 2-Butene

will give the first carbon in the double bond the

lowest number, 2 3
Then, use only that number In the name, M
3-Butene

A 3 2 |
C—C—C=C

1-Butene

a. Straight-chain alkenes

Naming Alkenes (Cyclic Alkenes)

» Cyclic_alkenes or cycloalkenes are named in ;
much the same way as cyclic alkanes; however, i /7.[,.[]
carbon number 1 must be one of the carbons |
connected by the double bond. In the figure, note ;3_-9
the numbering in the compound. CH,
b. Cylic alkenes

*The npame of this compound 5
1,3-dimethylcyclopentene.
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Naming branched-chain alkenes |

When naming branched chain alkenes, follow the |UPAC rules for naming
branched-chain alkanes, but with two exceptions:

1. First, in alkenes, the parent chain is always the longest chain that
contains the double bond, whether or not it is the longest chain of
carbon atoms.

2. Second, the position of the double bond, not the branches, determines
how the chain |8 numbered,

The positions of the double bonds in o, P Iy
alkenes are numbered in a way that gives = o ¢t gy 0 0 0 0]
the lowest set of numbers. This is true of o N em e w TR
both branched and straight chain alkenes. o P g R
1 & b
8. ‘inghs doukly bend b Tec dogkis boad

Naming branched-chain alkenes

* For alkenes with mere than one double bond, you must indicate the
position of the double bond(s) using a prefix (di-, tri-, ete.) before
the suffix -ene.

Example: 2,4-heptadiene

* The positions of the bonds are numbered to give the lowest set of
numbers,
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NAMING BRANCHED-CHAIN "
ALKENES {Page 231)
IN-CLASS EXAMPLE
LiEg WIEh Exampie Srediam 3, —
e CH,CH= CHCHCH,CHCH.
Mame tha afiene ghawn, ] l

CH, CH,

MNAMING BRANCHED-CHAIN

ALKEMES (Page 231)
_ SOLVE ROR THE UNANOIWN
LES AN ERTEE TR S 5tep 1. The longest continuous-carbon chain
Problem that includes the double bond contmins seven
Mame the alene shawn. carbons. The 7-oarbon afieane is heptane, but
) the name = changed to heptene because a
EH1LH"[HHH.'EHEH= doubse bond is present.
CH, CH, *  Heptene parent chain
EH:CH-EHEHEH;L;HEH:
tHy OHy
S Step 2. Number the chai ive the |
ANALVTE . Mumber the chasn Do grve the lowest
PO number to the double bond.

You are given 8 branched-chain alkene that
consmins one double bond and two adiyl
graups. Follow the IUPAC rufes to name the
Organic compound

* Z-nepbene parent chain

CHLCH =CHCHOHCHCH,
CH, O,
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NAMING BRANCHED-CHAIN ALKENES

Step 3. Name each substtuent.
¢ Each subittuent i3 o methy! group

LW CHCICH CHOH,
|

£H, CH,
Ak
b Pyl gngi

Step . Determing how many of anch substitupnt
s presrt, ad naalgn the correet pref 1o
represent that number, Then, nzlude the pastion
Aumbers ta get the complete prefs

v L-heptene parent chain

v Tiwn methyl group: ot Posivons 4 and 6
o Prefiu is & E-dimethy)

i { i
CHCH= CHERCH.CHCH,
gl
ol O

Step 3. The names of substriuents do nat
hiave to be alphabetized because they are the
iame. Agaly the complete arefix ta the Aame
of the parent alkere chaln, Use commag

between purmbiers, and hyphens batween
numbers and werds, Write the name 4 5

dimathyl-d:hagtana,

EVALUATE TE ANSWER

Tha lengest carban ehain includes the
double bund, and the peaitan of the double
band hng thie lawest poszible number
Carreet prefues and alkyl group names
designate the branches

Practice Problems Page 232

Use the IUPAC rules to name the following structures.

% CHCH= EH('IHCHJ
CH;

b, {|:Hl
S
EH]ﬂHEH;EFIzEH?EHJ

CH;
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Practice Problems Page 232
Use the IUPAC rules to name the following structures.
b, ;l;H,
. EH,EH=EHC!IHEH3 CH; CH;
| I
CH; CHyCHCH,CH = t:H'T‘cH:
CH,

4-methyl-2-pentene 1. 16-trimethyl-3-nciene

Tabke 6 Examples of Alkynes

N ! Motecuiar Formula | Structural Formula q'r"':'_'r_ll_l;""'
Eltryry | CiH, | H=CEL=H CH=CH
" | H
Propyne ‘ C4H, H—EIC-El:-H CHECCH,
y
H H
1 Butyne CiHg : Hu{:-cunljur:l;mn CH=CCH,CH,
| 'R
R
2 Butyne CHe | H=C—=CmC~C=H CH,CECCH,
L
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Naming alkynes

« Straight-chain alkynes and branched-chain alkynes 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.

+ Alkynes with one triple covalent bond form a homologous series with the

general formuta C_H,,, 5.

H H H H
|
Ho = = =—=C =—H H_CEE—? =M
1 2 3 4 1 2 H 3H 4
i H
2-Butyne 1-Butyne

Check

*  Whatis the name of the alkyne with the formula C,H,?

a. ethane
b. ethene
c. ethyne
d. ethylene
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Al B. H
H—{=(C=(C—H A=(—{—=H=—{=—H
| I |
H H H
L. H [, Ill

H== e =} H=C—({=(=—H
U |
H H H H

Which of the figures above is the structural formula for propyne?

)

2

L

D
Check
' What is the name of this hydrocarbon?

CHa CH4
HsC mEIL—CEE-EIL—EHg

2,5-dimethyl-3-hexyne
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15 JCHMLSG0000 1 0] Compare bid oonlras) slruciural and geainetric isomers
16 FEHM SR 0000 K Descnbs tha dffarmoe betwssn cis- and brans- omem n lermi of goomatricsl amangessent

+ Hydrocarbon lsomers:  INtroduction

» Some hydrocarbons have the same molecular formula but have
different molecular structures.

Have you ever met a pair of identical twins?
Identical twins have the same genetic makeup,
yet they are two separate individuals with
different personalities.

Isomers are similar to twins—they have the
same molecular formula, but different

#ek

molecular structures and properties. :]:H,
H3—CH3=CH3—CHy CH3—CH—CH;3
CHy CiHy
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Structural Isomers

*  |somers are two or more compounds that have the same molecular
farmula but different molecular structures.

*  There are two main classes of isomers:
* structural isomers
* Sterecisomers
* Geometric Isomers
* Optical Isomers

1. Whatis the name of two or more compounds with the
same molecular formulas but different molecular
structures?

* telomeres

* chiral molecules

@ isomers CORRECT

t Compounds with the same molecular formulas
never have different molecular structures.
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* Structural isomers have the same chemical formula, but their atoms are
bonded in different arrangements.

* Structural isomers have different chemical and physical properties.

* The structure of a substance determines its properties,

i Ady Hit

2-Methylbutane 2,2-Dimethylpropane
bp= J'E“ bp = 28°C bp = °C

2. What is the best name for the molecules shown below?
b = m:

. IS0Mmers . stereoisomers

'.' Structural isomers . geometric isomers
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Check

* Which of the following compounds cannot have
different structural isomers?

A CHy
B. C.H,

¢ o)
D. CgH:,0.

Pentane

|mH TR S SR Y F P G Py S e

o e e S S T T L IR

e

:Jﬂr-l-l,l..—.—i

"ﬁfn’{ "‘;f
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Butane

14 ty
CHy=CHy=CHy=CH;  CHy=CH-CH,
Butang (CH,) 2methylpropane (CH,,)

Pentane

& Figmen 1 how prws o =01 o we e vEEg Ay
[EETHERTE N LR Ry E L r T

i

um [SEELY PR
I'.u

Butane

1) iﬂ’
CHy=CHy=CH*CHy  CHy=CH=CHy
Bulane (C.Hy)  2-melhylpropane (C.H, |

Pantane

"m'l“ ".r L] "||+ I'| = 'H"i--'-r A

w%%f

|-|-ﬂ-u- IJ!HH

Formulae TUPHC nomes
I, CH; = CHy = CHy-CHy-CHy-CH, Hexane
lmi*ﬂ“:‘ﬂ*:*f**ﬂh 2-malty! gentare
1“‘1'“*1'{-""“":'“"1 J-Methyipentane

CH
T -

Formulae TUMC names
,Clly = Cly = -y Cly-Cly e
1“‘1'“‘1'“’:'?""-"‘1 L.melhy! pontane

$ iy = Cly = CH = Clly = CHy )-Mehylpenane
I

o
4.0l = CH - O~ il 2, Wiyl

I butwne
CHy
&
S, CHy=C=CHy=CHy 2 2Dimedylbotme
I
CHy
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Stereoisomers

» are isomers in which all atoms are bonded in the same order but are
arranged differently in space.

* There are two types of sterecisomers:
+ Geometric isomers.
» Optical Isomers: "Chirality”, mirror images (right- and left-handed form).

Singh cowadertt Boed Deube covaert bond

The single-bonded carbons in
ethane are free to rotate around the
bond.

Carbodd freeto ool Carbains firod i posi o
o o ki pesr e

Ethane Ethens

The double-bonded carbons in
ethene rasist being rotated.

Stereoisomers

* here are two types of stereoisomers:

* One type occurs in alkenes, which contain double bonds.
Two carbon atoms with a single bond between them can
rotate freely in relationship to each other.

* However, when a second covalent bond {duuhlu bond) is
present,

L]

firge resalere o Emrhn‘ln.'mqbn'l
I'I i i |I .|
'|I-¢'I lI FE 1 ] I| '}." r 1
5* Lﬁ‘] @ ;
0 b G
Cacborn bpg b ot { b bl m oo
i alitian periiibla
Ethane Eibene
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Geometric isomers

Isomers resulting from differant arrangements of groups around a double bond are
called geometric isomers.

Cis- trans-

3. Which term that means across from is used
to describe and name stereoisomers?

® trans | ® levo

® v 0 «:
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Isomers resulting from different
arrangements of groups around a double
bond are called geometric isomers. H HH _H
o o
LY L
= (is means the branches are on the " HF"" ’;5]_1 H
same side, of the double bond
- 1 -Baston G0 Hig
H:"-.{ ..-H
H
H e=c] M
H C
= frans means the branches are across Wy
from each other. S—r—
= BT
i = BT
Geometric isomers have different physical
and chemical properties.
:l-uﬁl (= --.-| :.I“:.:::‘J'hq.l_:::b:;-.:i et e ey
hr—mu-'ﬁ-rurvﬁi-;-lwhrl - |I
Zoem C34e €@ P 88
o el Ty B - e e e e ey i ’,
i o
T [ e e T 4 mriers Eeiel = o mme
‘Ethans Etherie
-
Ol I:l:ﬂl:le-cl_n:h:lr"h:lnumzls o
= Fhgparw T T-rie meman ot e m e r-ﬂ-—-—rl-n._'l-nln.l'ﬂ
e i, St e S e i Wt -
H'\. J'H H'n. fH HH‘E “IH H
I_'|.--'=:-\.l‘:__E.:-'I:-.I_'| ll’ ::!: == 'l:: ‘___H
l-'l-II H o H-"':"-\-H
o F el (T ey e 0 )
T -
b—

iy Coadhd 4 & ) OO0l Dstnguiak smomy ol phste and seomet Fpedmcaiboss

15 Gl 5. G b . O 5. 2 Dermrribe the sinocfure of benzemses and s reaciily

12 Idanitties the haaih rebes OF crpEsurs: S0 Srormeedsn OO NeE /08 NN TeDa) S 6o £ e rag B )

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED

FOR TRAINING




School Branch 1 o yutadl § il
School Cluster 2.4 4.2 uyud| Gladl
Zayed Ed. Complex - . ol kel
Al Khawaneej C1,C2 & €3 S Sljrj Lﬁm ﬁ
Starter
Match each keyword with its lingleyelic
proper structure below Straight-chain
Branched chain
HH
CH, A H‘[’ ; o
H_‘:c \‘['_a‘-: H-—llf el
CH. | ‘:f H | \
= H H H H
H..I"| 1"'|H.
CH;—CH = CH,~CH HH
ryclapernace
EXPAND YOUR THINKING

To which family of hydrocarbons do you think “C.H,” belongs
to?
What Is its name?
Which structure does it have?
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The Structure of Benzene

* Benzene molecule C¢H;

Because the benzene molecule had so few hydrogen atoms, chemists reasoned that it
must be unsaturated; that is, it must have several double or triple bonds, or a
combination of both. They proposed many different structures, including this one
suggested in 1860,

CHy=C=CH—CH=C=CH,

The Structure of Benzene
* Benzene molecule C.H,

Although this structure has a molecular formula of C.H,, such a hydrocarbon would be
unstable and extremely r reachue because of its many double bonds.

S T R T PR

ve, and it did not react in the ways that alkenes and

alkynes usuallly rear:t

For that reason, chemists reasoned that structures such as the one shown below must be
incorrect,

CH,= C=CPIIH = C = CH,
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The Structure of Benzene

molecule C.H,

* Kekule's dream: Kekule proposed a different
kind of structure for benzene— a hexagon of
carbon atoms with alternating single and
double bonds.

+ Kekule claimed that benzene's structure came to
him in a dream.

+ The flat, hexagonal structure Kekule proposed
explained some of the properties of benzene, but
it did not explain benzene’s lack(443) of
reactivity.n

What can explain why Kekule

model of C.H, (Benzene) lack high
reactivity???
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Kekulé Structure (Isomers)

What is the difference between both structures?

Alternating single and double bonds.
The double bonds are changing their places.

The Structure of Benzene

Linus Pauling's hybrid orbital theory explained benzene's 0 )

lack of reactivity. M
=L

This theory predicts that the pairs of electrons that form

the second bond of each of benzene's double bonds are
shared among all six carbons’ nuclei in the ring.

* Figure 25 Bsreine's bandng
elections spread evanly in 8 double-danul

This makes benzene chemically stable because electrons shage around the ring instead of remainieg
shared by six carbon nuclei are hard to pull away. PSR ok

Benzene
httpsfedushare. moe.gov.aeUploads/Resourcea/ed Fo68 Th-Ba7a-
dd%3-019e-affead 185 AFI/GEERET 211 202 1504/ index. htmi

Page 5 video
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Quiz

1. What did Friedrich Kekulé’s proposed structure of
benzene fail to explain?

@ its reactivity

@its lack of reactivity

@ its boiling point

@ its melting point

Quiz

2. Which of the following best describes the
structure of benzene as it is understood today?

@ 1tisaring structure.
@ 1tis a linear structure.

@ tis a ring structure with six carbon atoms.

___..--'-'___——-_._____

. i . P .
'. It is a ring structure in which electrons are
shared by six carbon nuclei.
i
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Check Your Understanding
Select the correct answer,

Which of the following statements applies to benzene!
L contains 12 hydrogen atoms
s unsaturated hydrocarbon

I“. |IZ'I||-'II||p“- additlon reactions

Gy | g 1) arity 1| Ao 1

Aromatic Compounds vs. Aliphatic Compounds

Aromatic Aliphatic

compounds compounds

Organic compounds Hydrocarbons such
that contain as the alkanes,
benzene rings as alkenes, and
part of their alkynes. NO
structures benzene rings
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Aromatic Compounds

* QOrganic compounds that contain benzene rings are called
aromatic compounds.

* The term aromatic was originally used because many of the
benzene-related compounds known in the nineteenth
century were found in pleasant-smelling oils that came from
spices, fruits, and other plant parts.

Aromatic Compounds

* Hydrocarbons such as the alkanes, alkenes, and alkynes
are called aliphatic compounds to distinguish them
from aromatic compounds.

* The term aliphatic comes from the Greek word for fat
because the compounds were obtained by heating
animal fat.
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Select the CORRECT answer,
ST TisE PELF SRTnl LU D L WY el

O O O é’

compound A compound B compound C  compaund [

A C.and D A B C.andD

CandD

Check Your Understanding

E-ﬁ'EﬂIhEE‘EHHEETmmw
ey the f ies bal Which of 1he ¢ompaun
compound & compound B compound C comgpound D
A C, and D QH. E.%
CandD only D

All of the eompounds zre aliphatie as none consist of benzene rings
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Carcinogens (Chemicals that cause
cancer)

*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.

Carcinogens

Haait ks iicisd i {Einatiit:
* respiratory ailments.

» liver problems.

» and damage to the nervous system.

« Beyond these hazards, some aromatic compounds are carcinogens, which
are substances that can cause cancer.
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*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, see next slide.

Carcinogens: benzopyrene

# Figure Bemopymane b a cancer- - —_—
mning chomical Bt i bund in soot, dgansie
smok. oned o exhined
r-. @@ _l:.\.:.:. y
sl
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Functional Groups

* |n an organic molecule, a functional group is an atom or group of
atoms that always reacts in a certain way.

* Addition of a functional group to a hydrocarbon always produces a
substance with different chemical and physical properties.

;
* Double and triple Dﬂd-‘;hﬂmwﬂﬂ atoms are considered

e

fu_ctiun;g/rﬁljp%/@c

C=C
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Selact the corract answor,

What Is the name given to an atam or growp of alems that glves an organlc molecule IS chemlzal properties?

eyelpatkyl substituant

Cok, ., Yeloully| o5 bencl,
j’?ﬂ mtly ) ol /\, | :.JL ufdr.l'-'u e b,
ALr ll-lj.J s o ‘:"‘”fJ."
A

Yclopropent A\ "ﬂdﬂ?mp‘j |

e e, .

M 2o Table 1 Organic Organic Cumpuunda and Their Functional Groups
“i‘"f""" { conpour e
Jpe |Halogen == :l:

L
hlhﬂu Ron o — g
lkmﬁ' Ethe R0 E .E“'IE'I -0 =
Bﬁ?ﬁ: Anine RN, Aming -HH‘: or =Nt or =N
J|
Mkdanyda catony] = L
- - @ ce
| |
Carbaylic ackd I:IH :ﬂ;ﬂnﬁ + Ol
| L’J
s & & 5. o0

> .* s _gat= GO
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Tatss 1 Organic Compounds and Ther Functionnl Groupe

* The symbols R and R’ in the I

general formulas represent i i
carbon chains or rings bonded =
to the functional group. - :T' =
ol | i
Ry C-ce—cm -~ ﬁfii;
I ey - Cattry
. nﬂﬁ Qte@(ﬂ represents 8 ... A -
hydrogen atom, carbon chain, @ I
orcarbonring. : =
T — imi i'l | dnise

e

Ciodog Kiry

Jooble, 7 ' é L‘ﬁ?ﬁ‘d&ﬂﬁﬂﬁ”
Seloct the covrect answer ba = |
tudy the balland-stick model of an organic compe f@-+ l‘ﬁ_‘jﬂ .'

Elemant bychioga (H
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the correct answer, &5 lep
Ethyl ethanoate}s anlesterfused In glues, Which functional group is present in ethyl ethanoata?
~— - - e b i

0
coo- M -0-
( g C-0 7 oM

COGH

LﬁrhUJ e
Lo

CooH

H‘ @ R o7
Select the correct answer, '___,..--} Kb"‘ R

i nich compaund s 3 ketans?
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Sielect the pormeet answer.

Halogens (X)
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Halocarbons

Any organic compound that contains a halogen subsmuant (X) is
called a halocarbon.
The first four halogens— )( bt

Halocarbons

ﬁt-'plq"fc

No benzue
Alkyl Halides

———

Alkyl Halides and Aryl Halides

» An alkyl halide is an organic compound containing a halogen atom covalently bonded
to an aliphatic carbon atom.

» For axample, chloromethane Is the alkyl halide formed when a chlorine atom
mplaca?runa of methane’ s four carbon atoms,

Cl
hé""*#g

Chloromethane is an alkyl
halide that is used in the
manufacturing process for
silicone products, such as
window and door sealants.
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Alkyl Halides and Aryl Halides

compound containing a halogen
atom bonded to a benzene ring

I\ v
i
+ An aryl halide is an organic 0 \WC\“‘ C”(
ke

or other aromatic group. S —

* The structural formula for an aryl d) : '
halide is created by first drawing Ii:_) 7 N
the aromatic structure and then \/@W
replacing its hydrogen atoms 1 @
with the halogen atoms Pt tod |- o2, Sonmaminy
specified.

Quiz

An alkyl halide has a halogen bonded to a(n) .

aliphatic carbon atom

@ aromatic group
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Quiz

2. What term refers to an organic compound with

a halogen bonded to an aromatic group?
——

Ay
. halocarbon LenTare

@ aikyl halide

@ aryl halide

. plastic

P e .Fm‘:lml fle Lame rul.d;i & radile 20 Ihlcjmﬁ
we breab Hom 65 byonches zmcﬂﬁﬂ

cheh@gl
F - Floukad =7 (Dho- 3 52k

d . Chlorie =7 loro - = 9
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Naming halocarbons

» a prefix indicates which halogen is present. The prefixes are formed by changing the -
ine at the end of each halogen name to -0. Thus, the prefix for fluorine is fluoro-,
chlorine is chloro-, bromine is bromo-, and iodine is fodo-,

« |f more than one kind of halogen atom |s present in tha same molecule, the atoms are

listed alphabetically in the name.

* The chain also must be numbered in a way that gives the lowest position number to the
substituent that comes first in the alphabet.

» Similarly, the benzene ring in an aryl halide is numbered to give each substituent the
 nosi | il

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED

FOR TRAINING



School Branch 1 o yutadl § il

School Cluster 2.4 ':y@@;ﬁ‘ 4.2 uyud| Gladl
Zayed Ed. Complex - -— TR

lvh P . . il 931 - goaladl] 5 mame
Al Khawaneej C1,C2 & C3 MINISTRY OF EDUCATION A g aslidl g Jo¥laalell

Organic Compounds Containing

Halogens
o
H=U—{—=0L—=F
Cl | | |
Chlorobenzene H H H
1,2-Difluoropropane
|
R
H&?-?E_?I_%_H
| Br H H H H

1-Bromo-3,5-diiodobenzene 1-Bromo-3-chloro-2-fluorobutane

Activity

Name the alkyl or aryl halide whose structure is shown.

. GJé"

L] Fl
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Activity

Name the alkyl or aryl halide whose structure is shown.

&

L 3 U4
= i I %"
H—C C—
MR
1-bromo-5-chloropentane
Activity

Name the alkyl or aryl halide whose structure is shown.

Cl

Br

_!._,E-_:'I_i_ bromo-2-chlorobenzene
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4. Compare and contrast alkyl halides and aryl halides.

5. Draw structures for the following molecules.
a. 2-chlorobutane ¢. 11\trichloroethane

b. 1.3-difluorohexane d. 1-bromo-4-chlorobenzene

i

7. Evaluate How would you expact the boiling points of
propane and 1-chloropropane to compare? Explain
YOUF answer.

i. Compare and contrast alkvi Balides and ary] |

haalsibes. b. 1, 3-dilfuorohexans
An alkyl halide |s s substitated hydrocarbon that F 'I* F 'I* ‘;' H
Ix covalently bonded (o an ll,lphlll: carlson atom. H_J_:_._,.L_;._,:_J__H
An aryl halide b a substituted bvdrocarbon that I!I 'J+ 4!‘ I!I I;-II 4!‘
coftalns a halogen botided 1o a benzede ring or
Pl
Cl—l:—ll:—H
|
aH
8, Dvaw struchares for the following molecules. I I 1 WL A —
i Jechlorobuisne il
T TL '
| o
H=C=L==C={<=H
R Br
HHHH

7. Evaluate How would vou expect the boiling points
of propape and 1-chloropropane to compare” Explun
yOur answer.

The boiling point of 1-chloropropane should be
higher than that of propane. The molecules in |-
chloropropane should form more lemparary
dipoles thas the molecales in propane.
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Organic Compounds Containing

Halogens
Table 2 A Comparison of Alkyl Halides and Their Parent Alkanes

, Boiling Density (g/mL)
m Point {'C) in Liquid State

4 Y
methane 0423 at =1%62°C

. _ {bailing paint)
L= l'lll-lrlﬂ! | .

i EH@ chioromethane —E:F E::{'?tﬁ:uw]
CH,CH,CH.CHCH, | pentane 36 0626 -
EH,EHJEHJEHJCH}F_{ Miuoropentane | 62.8 0791
EHJCH_,CH:EH;CH:EE{ 1-chloropentane .. 08Y Increoses :1}.381 Increases
CH,CH,CH.CH,.CH.Bf tbromapentane 130 1218
CHCH.CHOHCH L | Hodopentans . Y 1516 ¥

Organic Compounds Containing Halogen...

Halocarbons
* The trend of increasing the boiling points and densities as the
halogan changas from fluorine to chlorine, bromine, and iodine was 1 7
observed in the table. WHY?? ¥ L ..:E%_; )
pever ¢lacknn” F
! because the halogens from fluorine to iodine have increasing tﬁ'?ﬁ
numbers of electrons that lie farther from the halogen nucleus. Cl
—— CHievinn
» These electrons shift position easily and, as a result, the halogen- r
substituted h}rdmcarbﬂns have an increasing tendency to form J éﬂ;?};
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Organic Compounds Containing Halogen
Halocarbons

 Because the dipoles attract each other, the energy needed to
separate the molecules also increases.

F
« Thus, the boiling points of halogen-substituted alkanes increase |

as the size of the halogen atom ineze8dgs. aumber o glechons c
(e &£

Bevpel the correc!

'|r| 1 HI F.I" (a ke I"Ii:"'-!llll | st
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Alcohols

O- -3

*  Oxygen ﬂﬂmmunly'fnrms two covalent bonds to form a stable

cuﬁl@ Wonded16-a &arbon atom is
O

* Anorganic compound inwhich oxyl group replaces a
hydrogen igtalle F\ alcoh H
R __ =7 )

called a hydroxyl group.

Ljdm

cathon
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Alcohols
Table 3 Alcohols

General Formula

- L

g 1)
Ro-n | Mg wen

R represents carbon chains of fings H H
borged fo he ANCIONMIQINR | wgthane (CHg  Maltino! (YRR

—
Alkane Alcahal
Alcohols

mudemte[y@@and form hydrogen bonds.

sPes f{

* Asaresult, alcohols are miscible with water and are good sol

for otherlpolar suEstancesl = 4 hgcoy
- Cewe 4 Hffﬂ; chty, =8
* Alcohols have relativehgj]_igh boiling points. ) .

' g'r GHJ C,“‘L_
:"{JJH;:M Y I*’.\ §*
Lond$ /@L % A
5y~

< i
e brd
o-lt
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Naming Alcohols f i

* Alcohol names are based Dmrﬂtﬁ with the ending ~ol. There
can be one or more hydroxyl gmmi are specified with numbers.
ch™ A, besch 0T —
*  Methanol, or wood alcohal, is the simplest alcohol.
':"!!J E“j G‘H 'y C-“'
etheid & Fhano|
* Ethanolis the kind of alcohol found in alcoholic drinks.

-

(Danntured nlnnh_ﬁls ethanol with small amnunt5 of noxious materials

Eﬂw \(kﬁ-ﬂﬁll + ot\af iiw

Namlng Mcnhuis .{M

m‘ﬁcn cr) A
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Naming Alcohols

+ Acarbon chain can also have more than one hydroxyl group. lo name
these compounds, prefixes such as di-, tri-, and tetra- are used before
the -0l to indlicate the number of hydroxyl groups present.

e ’M'F"F"‘Eﬂ\

Naming Alcohols

OH

1,2,3-Propanetriol (glycerol) Cyclohexanol
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Practice
Draw the structure for each molecule.
A. 1-propanol

B. 1,3-cyclopentanediol

Practice

Draw the structure for each molecule.

Aokl

A. 1-propanol i — Q—Ch,

r
ok
B. 1,3@ﬂlupentamdiﬂl

& W
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Check

1. An alcohol is an organic compound in which aln)
replaces a hydrogen atom of a hydrocarbon.

. halogen
. hydroxyl group
. amino group

@ oxygenatom

Check

1. An alcohol is an organic compound in which a(n)
replaces a hydrogen atom of a hydrocarbon.

‘ halogen

correcT] @ hydroxyl group 1oft

' amino group

JUL oxygen atom
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Seloct the cormect answer
N F f [a]7 '__|':-"','_'I,"!'_-"':':I':--_:'l: o | :'I:'_".'I"_'_-'_"_""'
i
o2 T . | ﬂ
¥ Mo T,.t' e I |
] & #
compound &4  compoundB  compoundC  compound D
| 1 &
Comp rmoound C
Select the correct answer,
Wonaeh of fre fodlor -' el EEFLPET LTSS PO faSETVIE 37 JLE0NG] Mo SELE
on
-\._.-"-H|'I:I e T .\..I:I | ? .:' 'a
| W~y A L e [0 \esky ¥
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Sevect the cormacl arwers fron the drag-down e,

Shudy the lne structare of & epelic aleohol HD OH

It i Ml ErL o L it W

T erefla iR ifdscates the number ol huds omyl Groups o A Bl W UH
I | T S

Jﬁm '1

1y
q WA
Eﬁ'rc‘rl'mrdm"umm.fmmrhcn'm,u-dmm:m.

e atructure ¢f & cyctiralsohal D
P # LorwiEs] pagitan r the Pydroay qrougs ang:. Select... w -ilj. Zr,i ,+

(_"1 ,L[ - E‘]cjﬂhflﬁm Ejd’“f"‘ﬂ
e

=
v

@E
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Select the correct answer,
Which conderissed structoral formiila reprosents an aoohol molecitor
CHACHCHL0H CHACH,COOH
L L UG H L S L

GHJ 'CHLE-%EDH : .J
Select the correct an.'.'a:i ":'”HJ < an

Which condensed struciural lsrmula earesents an aloehol molecu iy ?

= — -:..'il‘..;",__n“

@;-!!_.--H.: @ OGN g bond s
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|||||

Select the correct answer fo complete the senfence.,

Alephols aro palar compaunds, Phay interact with othes medacules through hidragen bonding pocepl with

|...'.'|5 mnaleeulis witer modeculos

Rleaho] i lecil e T POLAT R el

Select the correct answer lo complete the sentence.

Alcohials ane polar compounas, [hey intérct with alher molecules thrugh hydrogen banding #xtept with
@ I'I'II|'|r -“f':l.l_ ..:I. i kf. @ .'|||!|;'- I||"-""..||||-"' H
® iwleaho] moleeul s l E ?; fidH :“I..“”I.‘:I.V

por disales  polar

hihi-Fn"Ar Figabes  mp-pie
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Ethers

An ether is an organic compound containing an oxygen bonded to

—

two carbon atoms.

Table 4 Ethers

Goneral Formula

R—o-R s

whete B 3 .nl‘-l:l R iepdesonl
caitan chal ehAIns of 1ngs
h-ﬂrrl:l-:'ﬂ fi ﬁ.lnl:l.-:mm

h-0-ch
h{k\a\ Ml

EH][:H:EH 1 -E- ‘:H:.EH;EHJ

Cyclohaxyl ether Progyl ethe
EHJCH;-G-EH-.‘.EH]':-H:E.H: CH]CH;- ﬂ'-tH;
e =, —————

Butyl athyl othar Ethyl mating ether

Ethers e _@ R

* Ethers have no hydrogen atoms bonded to their oxygen atoms, so
th t form hyd bonds with each other.
ey cannot form hydrogen bonds with each other. |, HH“_Z?

- ,_‘J- 'y i F_..
: q;cause of that, Ethers are volatile a ’atiieand have low boiling points

compared to alcohols,

:r-HL"":,.J

Table 4 Ethers

Goneral Formula |

ROR
whare B and B represen

carbian chawns of rngs
hondod fo funchional

Mothanal Moihyl othor
proups hp = B5'C bp = =25
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Methanol and Methyl ether
ae cause ethers have no hydrogen

atoms bonded to the oxygen atom,
their molecules mg?ﬂ_éﬂbﬂ’-
hydrogen bonds wit

Therefore, ethers are generally more
olatile and have much lower oiling

points than alcohols of similar size and
mass.

* Ethers are much less soluble in water
than alcohols because they have no

Methanol and Huﬁrﬁ.tﬂtﬂ:

(Ogem o Uonate 03 ydroger i
b -5
* HoWever, e TRyEerratom e e
receptor for the hydrogen atoms of
water molecules.
Ethers

+  Ethers with identical chains are named by the chain followed by the
word ether,

* Ethers with different chains are named in alphabetical order followed
by ether,

Examplos of Elhemn

0
O- O CHyCH, EHy = G CHLCHCH

Cyclohexyl atha Propyl athes
CHyCH = 0=CH,CH,CH,CH, CHyCH; =CO=CH,
Blityl ethvyl athei Ettyl madhyl édhor
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a4\ Examples of Ethers

C,Jduf{_ﬂekw Cru—;’_‘l

- CH,CH,CH,— O — CH,CH,CH,
{//Fmpyl ether

Cyclohexyl ather
=

CH;CH,— O — CH,CH,CH,CH, CHyCH,—0 — CH,
Butylethyl ether // : Ethylmethyl ether

Naming Ethers
Symmetrical | Asymmetrical |
identical alkyl chains different alkyl chains

\ ' ' 4

« the groups are listed in alphabetical
order

+ then followed by the word ether

» first name the alkyl group
» then add the word ether

=]
CH,CH,=0 @w

Butyoy! edher

(ethylether
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Quiz

2. The formula at right is for
what kind of compound? CHg_O_CHg

@ alcohol

@ alkyl halide

Quiz

2. The formula at right is for

what kind of compound? CHg_O_CHg
22K aicohol C.rHL —oH

. ether  CORRECT

2% amine R—NHK 2 d
9BC alkyl halide —s A R—$~$ I'
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Practice

= Mame the ether represented by each structure,

A_' ':H ]{H‘ - "-J e CHJCHJEH;EHI
-~ —
B. { o p!
C CHs
GH;’J“G“ﬁ“GHg

O H'}"I I:,HJE.H ":-H;. - ?ﬂﬁl
Pl'ﬂl:tlc% W m-—i 150 P'mf:".]

= NMame the ether represented by each structure.

Cyclohexyl ether

Ethylisopropyl ether
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Practice

« Based on the molecular structures below, which compound would you
expect to be more soluble in water? Explain your reasoning.

CH,— O — CH, L?H
Methyl Ether CH,CH,
Ethanol

Practice

= Based on the molecular structures below, which compound would you
expect to be more soluble in water? Explain your reasoning.,

CH,—O—CH, OH
Mathyt Ether CHSC |-|2
Ethanol
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Amines

« Amines contain nitrogen atoms bonded to carbon atoms in aliphatic
aromatic rings and have the general formula Hﬂhg kst

» Chemists consider amines derivatives of ammonia (NH,).
S—— Sr—

e

» Amines are considered primary, secondary, or tertiary amines depending on
whether one, two, or three of the hydrogens in ammonia(NH,) have been replac ecl'hy_

organic Eroups. -

~— 2 v A

propan- |-amine propan-2-amine Nematletmaming N N-dimethylmethananine
g
secondary Terti
[ iy ] amine [ % }
E—————
Habecomes NH, becomes NH NH; becomes N
1Hare lost 2 H are lost 3 H are lost

e
Naming Amines @—Hz oy

* the -NH, (amino) group is indicated by the suffix —-amine (the last part
of the name is amine).

* \When necessary, the position of the amino group is designated by a
number,

+ [f more than one amino group is present, the prefixes di-, tri-, tetra-, and
so on are used to indicate the number of groups. 4 1"‘ }'L’,

CHICH?H
(g)l-t EH%? @ @

oL
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Quiz

3. What kind of organic compound would most
likely be derived from ammonia, NH,?

CORRECT ® amine

Examples of amines P e
Table 5 Feetiar] owiyy

Cyclohexylamine CBiykaine Anillirs
e
; I CH,CH,CH,
CHCH,CH.CH | |
I ] NH, NH,
NH, NH,

1,3-Propanediamine
1.1.4.4-Butanetetraamine ¥ I
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Toble & Amines

Garnersl Faomula

RMH.
where R ieprosents a carbon chain or ring bonded to the functional graup

Examples of Emines
MH, NH,
Q CHCH, @ I:.HCH;.EH;.{L,H CHLCHCH,
NH !rlln-iE MNH, NH, rE|H_. NH, I*llH.-

Cyelohaxylamine Ethlaming Aniline 114.4-Butanatetraaming  1.3-Propanediaming

N & s X € <
Substitution Reactions

* A substitution reaction is one in which one atom or a group of
atoms in a molecule is replaced t:n_.r another atom or group of

atoms.
eplacing hydrogen atom '- ty'plcalﬁlch[unne or
h rfi_lfle 'Bﬁ prosses callegHa uenamn H H

H—C C®+ X — i—Cc—C—H

et o Q) o,
¥ is Cl or Br but not |, Iu ne does not mmﬁﬂﬁhﬂ}énﬂ alkyl halide
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-1.

Haloprrtion "I‘t

, — R-Chp + X

Sﬁhﬁtﬁfnn Reactions
prbogn = K

BTN stion escions

Generic Substitution Reaction E_ﬂl Example of General Substitution Reaction

C} H—EH;:I{ + HX (Halogenation)

where X i fiarine, chlorine, o beomine [_ﬁm'-ﬂ — C;HeCl = HL
Ethane - Ehk:me-iane
a’l“* General Al H.ull-:lt All:nh-:- eaction Example of ap Alkyl Halide-Alcohol Reaction

p R=X + 4{'& ) Ch CH CA0H ) CHyCH,0H + O

Ayl halide oroethane Ethanol

General Alkyl H.ahde-n#mnma Reaction Example of an Alky] Halide-Ammonia Reaction
R-X + 'ﬂm m E_ [Hj‘[ﬂzbn‘[l‘[}ﬂ EHJEEHJ:IQEHIH_L'I' HEr
Akl halide Ammine 1-Emmocmﬁ-,.7<® Octancamine

Hﬁhjwl-i
o
- ”Qﬂhﬂcm il CHJ—C“{CHE'*'*;

_ ch-ob + B

C,Hj"""' B-I"’

— C’HJ "NHL + By
g
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Furt bstitut

» Once an alkane has been halogenated, the resulting alkyl halide can
undergo other types of substitution reactions in which the halogen
atom is replaced by ancther atom or group of atoms.

» For example, reacting an alkyl halide with a basic solution results in

the replacement of the halogen atom by an -OH group, forming an
alcohol.

General Alkyl Halide-Alcohol Reaction Example of an Alkyl Halide-Alcohol Reaction
R—X + OH- — R-OH + X CH;CH,C 4 OH= = CHyCH;0H + €I
Allioyl halide Alcohol Chioroethane Ethanol

Further substitution

« Reacting an alkyl halide with ammaonia (NH,) replaces the halogen
atom with an aming groug (-NH,), forming an alkyl amine.

* The alkyl amine |s ane of the products produced In this reaction, Some
of the newly formed amines continue to react, resulting In a mixture of

aminas.

General Alkyl Halide-Ammaonia Reaction Example of an Alkyl Halide-Ammonia Reaction
R=X 4 NH; =+ B=NH; + HX CHy{CHJoCH, Br + NHy = CHACH;):CH,MH; + HBr
Alkyl halide Aming 1-Bromaoctane Octaneamine
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28 | CHM.S.6.01.016.06 Explain the physical proparies of aldehydes and ketones

29 | CHM.5.6.00.003.23 Dofine carboxylic acxd while explaning, using equation, why it b5 classfied as an acid

30 |CHM.5.6.00.013.27 Draw the struciure of an ester given its Tormula

Aldehyde

g <
*represents an alkyl group

* An aldehyde is an organic

compound in which a carbonyl
group located at the end of a

carbon chain Is-bonded to a ks ol e
carbon atom on one side and a
hydrogen atom on the other.

' Mdﬂh{des havethe general 0
formula *CHO, where * ||
represents an alkyl geoup or a - -
Edmgen atom, as shownin Carbonyl group
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Naming Aldehydes
- —
Lk
» Aldehydes are formally named by changing the figdl-e of the name of the
alkane with the same number of carbon atoms t ¥ -al. ;f‘
~C =W

« Because the carbonyl group in an aldehyde always occurs at the end of a
carbon chain, no numbers are used in the name unless branches or

additional functional groups are present. E ; i%ﬁ

« Methanal is also commaonly called formaldehyde.
Y v --"r-n%\—l "t-.v}c*l\"-l
« Ethanal has the common name acetaldehyde.

Examples of Aldehydes

Aldehydes ck, —¢
Examples of Aldehydes

0

i
e H=CH
Methmuﬂ_l_jiurnmldlrlwdﬁ]v/

Benzaldehyde Salicylaldehyde Cinnamaldedyde
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Table 7 Aldehydes

Gienedal Formula Exampley of Aldehyk-

THO 0 H O

i 1 1
“rispeesents an alkyl group of @ H=C=H H-:r:-C-H
fycrogen atom Whisthanat H
[Formaidatn'ea)

Ftharal |acetaserie)

H
I

H - H O
- - | I | 1
£=0 C=0 LmL=L=H
Carbonyl growg @
OH

Benzaldeinde  Saboylakdehyde Cmnamaidehyre

Quiz h

2. What has the general O W
formula shown at right? "
o
C—H

J
I
( ® ald:!h\r-::_*e CHRRECT B - C _\ mak\asa)

nrD

|
~H
t$l-¢

!
3¢ a carbonyl group é

eXvere|
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Properties of Aldehydes
« An aldehyde molecule cnntainﬁi.n_lar. reactive @urﬂ. H?) A
x-C—W
» However, like ethers, aldehyde mc-LeculEs amang

themselves because the molecules have no hydrogen atoms bonded to an

Em ?uwl -@ﬂg et form Wadata __‘-......,_Jn.

+ Therefore, aldefydes have lower boiling points than alcohols with the same
number of carbon atoms. =

‘-“Water molecules can form ﬁyﬂrnmmmmmﬁéhjydes, 50

aldehydes are mmgjmnmﬂmulyﬁakﬂnﬁhut not as soluble as alcohols
or amines.

Properties of Aldehydes

[
iy
R”R R

0 00-
|

An aldehyde molecule contains a polar, reactive structure.
But aldehyde molecules cannot form hydrogen bonds
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" Uses of Aldehydes
p-G -F miflews]

* Formaldehyde has been used for
»’-?ysewahnn{dﬁg-ﬂ Las) for many years.

* |Industrially, large quantities of
formaldehyde are reacted with urea to
manufacture a type of grease-resistant,
hard plastic used to make buttons,
appliance and automptive parts, and
electrical outlets, as well as the glue that
holds the layers of plywood together.

Ml LAMINE

FORMALDE YD MARKIT

Uses of Aldehydes

ﬁ*
C—H
* Benzaldehyde and salicylaldehyde, 6
are two components that give Ghl
almonds(Js4) their natural flavor. B s OH
= O
* The aroma and flavor of cinnamon, _Aliciskichyde

a spice that comes from thetrarkof a
tropical tree, are produced largely by

mummaldeMeD

cinnamaldehyde
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* A carbonyl group can also be

located within a carbon chain General Formula ‘

rather than at the end.

* A ketone is an organic
compound in which the carbon
of the carbonyl group is
bonded to two other carbon

where R and R’ represent

atoms. Ketones have the catlion chains or rings bonded 1

general formula shown in the G

picture. functional groups
Ketones O

The carbon of Carbonyl

« The carbon atoms on either

side of the carbonyl group are
bonded to other atoms.

* The simplest ketone,

oA e ™ I\
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«-¢ Naming Ketones

n\hn@ ane

* Ketones are formally named by ﬂhaﬂgingt@ atthe end of the
alkane name to . '

* and including a number before the name to indicate the position
of the ketone grolp. 3

2- propanent bl
h® previous example, the alkane name propane is changed to
propanone. The carbonyl group can be located only in the
center, but the prefix 2- is usually added to the name for

=

clarity.
Naming Ketones
e EE——
* Examples
2-bFerkong)
He " H H H O H
|1
H ‘%_’?_‘_H H—C—C—C—H
R H H L,..—'TLI/ f!l
2-Butanone -
(methyethyl ketone) 1 {I;Teﬁaqu? E
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Quiz

3. What is the name of the | I 1
compeound with the formula H=C—=C=C—=C—H
shown at right? | [

H H H
30¢ 2-butanal

L._Z;EMIREDBQDRHEET

30¢ ethyl methyl ether

* methyl ethanoate

Properties and Uses of Ketones

B, p,

_ I{E-tﬁnes an aldehydes share many chemical and physical
properties because their structures are similar.

MKEI&[L&EAE_MEHIHE nd—Ee lﬁiﬂ_[&ﬂﬂliﬂ_lhﬂn;}

aldehydes. For this reason, ketones are popular solvents for
other moderately polar substances, including waxes, plastics,
paints, lacquers, varnishes.akdgluesth. © is not  honded 1o

* Like aldéhg_.rgies, ketone molecules cannot form hydrogen bonds
with each other rm hydrogen bonds with water
molecules. Therefore, ketones are somewhat’s .

* Acetone is completely miscible with water.
e —“
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Properties of Ketones
Fo e

&

&)
R

O
1]
RR R7

A Ketone molecule contains a polar, less reactive than aldehydes.
But ketone molecules cannot form hydrogen bonds

Plenary
* Name the following compound
0
CH;— CH; — CH; —i! —H
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* Name the following compound
Aldenyie E
—}
/[Ha—/EH: 7CH1 o L — —y
3
o5, .
an
et Crlafughade ok
0
Cyclohexanone W
L —
nt
. (ychoherangl
A . 2
Carboxylic Acids
G
* A carboxylic acid is an nrg#:ic nnTpﬂund that has a carbaoxyl
group. — oW
* Carboxyl group consists of & carbonytgroup bonded 10 &
xyl group.

A carboxyl group

A carbowyl group is usually represented in condensed form by writing —COOH.
For example, acetic acid, the acid found in vinegar, can be written as CH,CO0H
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Carboxylic Acids (General Formula)

— —_— —

General Formula

W
¥ H
-~ C —OH
ﬂ where R represents carbon
chains or rings bonded to
functional groups

Activity

* What is the difference between carbonyl and carboxyl group?

[Hint: draw them both and compare)

0 i
B )

carboxyl

carbonyl
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* The formal name is formed by changinanﬂ of the parent
aLI;ggﬂg_-_qunin acid. Thus, the formal name of acetic acid is
ethanolic acid.

Examples

A
Etha_ﬁE_—} Ethanoic Acid Methans = Mathanoic Acid

Properties of Carbuxylic@

+)
* Carboxylic acids are polar and reactive eds [f.nst

- o F \_-:5\" "
é.a% P : H1
* Those that dissolve in water ionize weakly to produc® hydronium ions,

the anion of the acid in equilibrium with water, and the unionized acid.

* Recall: The ionization of ethanoic acid.

P—ﬂmj

CH,COOH(aq) + H;0(l) = CH,C00"(aq) + H:0*(aq)
Ethanoic acid (acetic acid) Ethanoate ion facetate ion)
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Properties of Carbo id
.L-_'—'—-—l-

* Carboxylic acids can ionize in water
solution because the two oxygen atoms

are highly electronegative apd attract
electrons away from the hydrﬁu 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

carbaweytiT acids turn blue litmus—paper

red and have a sour taste

BTca rboxylICATIC

= An acid with o carbomyl ErI:II:F‘pE iz called & dm:!

= Some important carbosdic acids, such as WEW hawe tewo or more carboryl groups.

Mﬂﬂainwﬂmsm often more acidic tl

Mo carloryl grodps =
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Carboxylic Acids

Table 8 Carboxylic Acids

Examples of Carboxylic Acids

0
I H O
=G M (I
H—?—C—GH "i]
wihiore © ropresents 8 hydrogen

aanm, carbon chaln, or ring
bandled to the lunctional group Ethanole acld (acetle acld) Mathanale acld fflarmic acid)
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OrgatEompalings Beried from

Acids )

. T_he hydrogen or the hydmx;.:l group n Id is replaced Ié a )
different atom or BIoUP atoms. The two most commaon classes are estérs

and amides. "

y Organic_compou

@ar}
Jhvdrogent?

which the
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Naming esterscen
 Write the name of the alkyl group fﬂLlnwad by the name of the acid with the
-it acid ending replace e,

+ Note how the name propyl results from the structural formula.

* The name shc_;m‘i' In parentheses s based on the name acefic acid, the
common name for ethanoic acid.

sligirm 10 [ o egemibls
Nl i i 1 e i il Ry el

Bl i o maebiw, d i & it
ey eriaiie 10y Laila, o WL
o bR P s W AR
Wi il Ran it o Aaihli o i,

aisbwbn, il didrk

| CHCHAHL = 0 = CHCH,
I8y st

Table 10 Esters

Genetal Formula Examples of an Estel

Ethirigate v gyt oroup

=
¢ [
" CH,=C—0—CH,CH,CH,
Estar group Eber roup

P:npnl,.-l athanoate
(propy| acetals]
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Naming esters

» Write the name of the alkyl group followed by the name of the acid with the
-IC &c/0 ending replaceq Dy -3te.

» Note how the name propyl results from the structural formula,

« The name shown in parentheses is based on the name acefic acid, the
commaon name for ethanoic acid, .
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