East Spring Secondary

Chemistry
Chapter 20.1: Alcohols
Name: _ ffuina () Class: 44 Date: 2L-%°2S

At the end of the lesson, you should be able to:

* describe the alcohols as an homologous series containing the ~-OH group

»  draw the structures of branched and unbranched alcohols, C) to Cs, and name the
unbranched alcohols, methanol to butanol

* describe the properties of alcohols in terms of combustion and oxidation to
carboxylic acids € —_—

= Jeseribe the formation of ethanol by the catalyscd addition of steam to ethene and
by fermentation of glucose

Alcohol homeologous series
* arc simple molecular (covalent) compounds containing _careen |
C. hyefrs9%™ and o*y3en  atoms
» consists of ONLY carbon-carbon u#n19/¢ bonds (C-C), therefore they are
_(ovalent compounds

“(saturafed
= functional group: ¢ hvdﬂ,,ﬁ{ -0-1

= spelling end with —ol W
General formula: g4 CwH,p 4 OH b
o o/
where n = number of carbon atoms, positive integer ) hydroxyl (~OH)
funclional group

Physical properties of Alcohol
= The alcohol homologous series has the same physical properties as alkanes and

alkenes
('. Additional physical property of Alcohol: Solubility in water
= Soluble in water (only methanol to propanol)
s Solubility __detvrases as the number of carbon atoms in the molecule
increases as size of molecule increases %

» the trend in the physical properties ol alcohol such as (i) melting and boiling
points, (ii) viscosity and (iii)wny is the same as that in alkane and alkene *
T — J

Isomers
*  Unbranched (straight-chain) and branched-chain alcohols
OR

= ALL are straight-chain alcohols but the position of the ~-O—H group is different

»  Methanol and ethanol do not have isomers
(¥, 0H G Hs oH
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Bond between QO and H
atom must be drawn

Alcaohol Homologous Series (CnH1a-10H)

/

”H.ﬂ“ﬂﬂhﬂ Prefix Chemical | Molecular M. w”_wﬂ“_”u__ Full Structural formula \m.:.cn::.-_ Full structural formula of isomers
- name formula r.tp (unbranched) \ formula (shift position of ~-OH group)
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Chemical reactions of Alcohol atl “uo{ al
/ piee u-wm-h.u fwel

(A) Complete Combustion

Same as alkanes and alkenes

(B) Incomplete Combustion

(C) Oxidation (gain oxygen) enwigorhdrag st
r
= alcohols arc oxidised to form __cayw0rqlt apd (organic acids)

s there are 2 wavs to oxidize alcohols:

(i) alcohols oxidized by oxygen (O2) in the air (natural phenomenon)

—

* conditions required:
- presence of air (need atmospheric oxygen)
- at room temperature by bacteria in the air

= general cquation: alcohol + oxygen gas — carboxylic + water

il :
A RAR I aCId
example
word cquation:  ethanol + oxygen gas — cthanoic acid + water

chemical equation: CHsCH20H+ - O2 => CH3CQOH + H;0
LN oknm alom

equation showing full structural formulae:

tiwnwol """‘"‘"‘ rerd
)
oL °“°H+00--—vﬂc +J5ﬁ=@’
¢ -k [n
aarnt /
0k )ene A""M

Application of Oxidation of Ethanol to daily life

Alcoholic drinks contain ethanol as a key ingredient. When alcoholic drinks are

exposed 1o air, the ethanol is oxidized to ethanoic acid, making the drink taste

sour which indicates that it is spoiled. Therefore, we should place alcohol drinks
in the fridge if we cannot finish drinking.
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(ii) alcohols oxidized by adding n
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{chemical test for presence of alcohol)

conditions required:

-atenial it Hlammabl

H_

manyanate

cifemicnl rl.‘-u:'egl; which is an oxidizing ngent’

MAD, = > Mt

- add an oxidizing agent: aﬂa’fﬁ"{p"""""“ﬂ (vu) KMnOx) ox. shte

- wam/heat/boil the mixture of alcohol and oxidizing agent
> yosty wal

(a) Observation;

» solution tums from _gurple (o _toleuvieds

(positive test)

Conclusion: Compound is an alcohol

(b) Observation:

» Solution remains purple (negative test)

Conclusion: Compound is NOT an alcohol

general equation: alcohol + oxidizing agent — carboxylic acid + water

example

word equation: ethanol + 2[0] —> ethanoic acid + water
(oxidizing agent)_

chemical equation: CH;CH:OH + 2[0] = CH3COOH + H.0

equation showing full structural formulae:

T=m~=T

y .
- -t l
'l‘ b-H + 1[0] — 4. _C'_O_H FAt
H ;‘ H
€theano [ 4
£ Thannore
acd

IMPORTANT: No. of carbon atoms rémains the same in a
the oxidation of alcohol to carboxylic acid -

efMnrs 47

| ==
Kz

Xt(.1)y=—]
IPTY
= +7F ﬁ
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Farmation of ethanol
v thare are 2 wans e pandnee ethanoels

() by carahtic addition of steam to cthene
(e Rndmton of ethane) Jlean\ T alkane

——

Conditions J0C, o0 atmy, phosphonic( V) acid (HPOW) catalyst

ﬂ‘:“‘iﬁ‘l‘ » athanol

+ 8
athene steam RFO,

(i) by fermentatiow of gluceseisugaristarch solution (CstlizOs)

= expenimental comditions (3TGAY)
~  temperature of 37°C

- in the ahsenee of axygen . :

dd veast (solid state) as a catalyst Mixture of

= SEINSE (00 S1e) e glucose solution

- referto TB pg 453 Figure 23.2 and yeast

1
L -— hmewater

What is observed
in mewater
during
fermentation?

= product: (dilute) ethanol solution and carbon dioxide

vt e .
glucose  EmmEp {ethanol + carbon dioxide:
. ; . ; "/ %
= A dilute solution of ethanol (15% alcohol) is produced. A higher alcohol content
is not produced as it causes the yeast to die and fermentation to stop.

= IMPORTANT: dilute ethanol solution obtained has to be purified into
pure ethanol using fractional distillation QA

° ‘“ﬂ‘\‘ u“'\\

7 Note: fermentation must take place at a temperature of 37°C whereby the
enzymes (micro-organisms) in the yeast work best. At HIGHER
temperatures, the enzymes are denatured and can no longer agt as
catalyst, speed of reaction will DECREASE

word equation:  glucose solution —  dilute ethanol + carbon dioxide
solution gas

chemical equation: {" Ry Db -—-)o)t, Hs ol+ .,2‘50‘-
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Chemistry
Chapter 23: Carboxylic Acids
Hutna (1) Class: “A Date: =2 3-6-2¢

At the end of the lesson, you should be able to:

Describe the carboxylic acid homologous series as containing the ~COzH group
Draw the structures of carboxylic acids, methanoic acid to butanoic acid and
name the unbranched acids, methanoic to butanoic acids

Describe carboxylic acids as weak acids, reacting with carbonates, bases and
some metals

Describe the formation of ethanoic acid by the oxidation of cthanol by
atmospheric oxygen or acidified potassium manganate(VII)

Describe the chemical reactions of a carboxylic acid with an alcohol to form an
ester e.g. ethyl ethanoate

State some commercial uses of esters, e.g. perfumes; flavourings; solvents

Carboxylic acid homologous series

also known as organic acids

are simple molecular (covalent) compounds containing _Coxwow . ;aﬁuwi"an comes
px=mev  and WwAvensn atoms Arom c-cbo
consists of ONLY carbon-carbon single borids (C-C), therefore they are 0, X watHarate]
saturated compounds /,{/
functional group: -COH or -COOH_c#vw o M&‘ Jreap -
spelling end with —anoic \
o O—H
General formula: ( -y R ;“-‘(00 H () Heook

@ CHy cooH
where n = number of carbon atoms, positive integer starting from 1 @ £, Hg CooH

Physical property of Carboxylic acids

The carboxylic acids homologous series has the samié physical properties as
alkanes and alkenes: ~p, bp T, tinwnbilty § : vesersity T

Additional physical property of Carboxylic acids: Solubility in water

Very soluble in water (only methanoic acid to butanoic acid)
Solubility decreases as the number of carbon atoms in the molecule increases as
size of molecule increases 1

the trend in the physical propertics of alcohol such as (i) melting and boiling
points, (ii) viscosity and (iii) flammability is the same as that in alkane and alkene
lammat same

= 1
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Carboxylic acid Homologous Series (Cn-1H20:1CO2H) | CHin 0

All bonds in the -COOH
group must be shown

~

No. of Physical
I i te nt
n_cn_““ “”Hza Prelix nﬂw_”_”_ms_ 7%““._"”“”_. M. aw. ”_“. Full Structural form Structural formula
molecule
1
. Meth En%ﬂo_n HCOOH liquid . \O/O\ H —
46 i
3 54 &
tthanelc < < . Jo—
Qﬂw% L~ i n
Eth tommaon. I __.\ / L oC -lc- ﬁ.c_ QUOI-
2 nﬁﬁ_aaqw ﬁIu (ooH b2 liquid H-¢ h
e § !
.m-_ —_4 Op ] 7 I
y pr——
qn H[O
_m:._m..s-_o .,\ .X\ v 1
3 Prop n.n_n- ﬁu_._a_ﬁ.._.u.mm 1y liquid AYIPE. 1 H-C-¢-C-v-1 anﬁI.... ton Ry
. | 1 g
W Hon
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A -
pwtaneit I ﬂ_ _,__ \ _) :
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- |
H Wy =
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Chemical properties (reactions) of Carboxylic acids

(A) Complete Combustion (same as alkane)

(B) Incomplete Combustion (same as alkane)

(C) Reaction with water (acids dissociate in water to form H+ ions — depends on

Strength)
to wi st /

»  Carboxylic acids are weakracids as they partially dissociate in water to produce
a low concentration of hvdrogen ions (H*).

= Carboxylic acids have acidic properties due to the hydrogen ions produced.

= Note: ethanoic acid is a weak acid known as vinegar

c.g. cthanoic acid = hydrogen ion + ethanoate ion

CH3;COOH(aq) = Hlaq) + CH3COO (aq)
W © .

gy oo I
TC-C-ao- Y
! L < H*? \ h
H + H-C—C, -0
|
H

(D) Reaction with reactive metals

= reactive metals: all metals except the Group I metals (too reactive, unsafe) and
unreactive metals (below H)

= general equation: carboxylic acid + metal — salt + hydrogen

= example: magnesium + ethanoic acid - magnesium cthanoate + hydrogen

Mg (s) + 2CH3COOH(aq) = (CH3COO0):Mg (aq) + Ha(g)

(E) Reaction with bases  pusw g Ars

= bases: includes metal hydroxides and metal oxides
= general equation: carboxylic acid + base — salt + water

* example: sodium hydroxide + methanoic acid — sodium methanoate + water

(F) Reaction with carbonates Aesc?

= general equation: carboxylic acid + carbonate — salt + carbon dioxide + water

* example: calcium carbonate + dilute propanoic acid = ¢ q/c/urm Prey 9008 + carbom «reik
werf, v

3
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(G) Reaction witlh alcohols (to form esters)’

What are esters?

Esters are sweet-smelling, colourless liquids that are insoluble in water.
» Esters contain the =COO= functional group.
..__..-4-"""'

SN
H:O ' H H
I I v I
H-C4C~-0+C—-C—H
| Tttt S |
H H H

«  Anester is formed by reacting a carboxylic acid with an alcohol. This reaction is
known as esteriﬁcatio‘n/

-

= carboxylic acids react with alcohols to produce an ester in a rmaeacﬁon

= general equation: carboxylic acid + alcohol = ester + water

> catalyst is concentrated sulfuric acid (add a few drops)

> warm/heat/boil the mixture of carboxylic acid and alcohol

i wie v iy

. @ndilions required:
A

= how to make esters in the lab: refer to TB page 461, Figure 23.7

B Esterification

» An ester is formed when a mixture of an alcoholanda ™

carboxylic acid is warmed togethér with a few drops of ’ &
concentrated sulfuric acid.

-+ Concentrated sulfuric acid.acts as a catalyst for the

reaction.
g dropper
concentrated sulfuric . _
acid (catalyst) test tube holder  reaction mixture
q
i -
LlJ ’ ’ g ester
ethanoic acid ﬂ wat_er + 46
+ ethanol sulfuric acid
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Chapter 23: Carboxylic Acids
. ”
How to name an ester? a E\‘“‘w .

covourq\! methyl ethanoate
s General name: alkyl alkanoale ‘
= Alkyl group belongs to the alcohol

i methanol ethanoic acid
" ano: 2 4 . .
Alkanoate group belongs to the carboxylic acid (alcohol) (carboxylic acid)

Aot~y CHytooy

Example 1:  cthanol + ethanoicacid — cthyl ethanoate + water
(ntynl o Ca Han-l (00 R

Equation showing full structural formula:

Thinking process: remove —QH group from acid and -H from alcohol

4 O u oo

tou : \
- l ;3 H © r
H-C-Cqo-n Juje-c-o.n Lo \ ';l
thnanoic Aty —— I’l‘l L: i-:

¢t ethanoate
Chemical equation showing structural formula:

covioijlic w£
CH3;CH20H + CH:COOH - CH3COOCH,CH;3; + H,O
nleohof
Note: For writing of structural formula of esters, it MUST be carboxylic acid first
then alcohol. But for drawing of FULL structural formula of esters, can be either.

—~ H-C4C-0:C-C-H * H-O-H
w || iesrmanes | |
H H H water

ethyl ethanoate
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CH;oh C, Hs cooH
Example 2:  methgool + propanoic acid — methyl propanoate + water
RN
Equation showing full structural formula:
ey e W Yu ¢
H-::-::-—c -o-H +'@H_% co-t = H-(lz-lc-c - O-F- H
t H H H K h
metg| ?ntqv\oﬂdt

Chemical equation showing structural formula:

CHyCH, o+ CHy T CHyeH Con ey & WLD

1 l:}-o—H

CaRnatO0 Coey Wy COOR
Alcohol Carboxylic acid | Ester formed Full structuralrformula R\C{)LO
L i
Methanol Methanoic acid Methyl methanoate a‘ ! l_\\ |
( ;
\
| G Hy (Y, (o0l T\ Octd k!
Ethanol Kop—— Elhyél—clhy\mc i e (R
Voo ! 1 !
metha ) ”—'(1:—-:‘; ° --S-:'
1c H \fo h
pan 4
Ethanol ethanoic acid ety QWQ / " o 1# 1)
|
H __c "C"O -C -C-H
\ | 1.
Naming: alcohol - acid o J, 3 T‘ ‘i!
Drawing: acid - alcohol H-c-9o-¢-0a-H
: |
: H 1-1/
\ 6
'_-‘ ]
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