L1- Learm'rﬁ Ouvtcomes

11.1 Formulae, functional groups and terminology

| can:

1. Draw and interpret the displayed formula of a molecule to show all the atoms and all the bonds

2. Write and interpret general formulae of compounds in the same homologous series, limited to:
(a) alkanes, C,Hzn+2
(b) alkenes, C,Hz,
(c) alcohols, CyH2n+10H
(d) carboxylic acids, C,H2,:1COOH

4 3. Identify a functional group as an atom or group of atoms that determine the chemical properties of a
homologous series

4. State that a homologous series is a family of similar compounds with similar chemical properties due to the
presence of the same functional group

5. State that a saturated compound has molecules in which all carbon—carbon bonds are single bonds

O 6. State that an unsaturated compound has molecules in which one or more carbon—carbon bonds are not
single bonds

J 7. State that a structural formula is an unambiguous description of the way the atoms in a molecule are
arranged, including CH,=CH,, CH3CH,0H, CH3COOCH;

J 9 Describe the general characteristics of a homologous series as:
(a) having the same functional group
(b) having the same general formula
(c) differing from one member to the next by a —CH2- unit
(d) displaying a trend in physical properties
(e) sharing similar chemical properties

11.2 Naming organic compounds
| can:
1. Name and draw the displayed formulae of:
(a) methane and ethane
(b) ethene
(c) ethanol
(d) ethanoic acid

2. State the type of compound present, given a chemical name ending in -ane, -ene, -ol, or -oic acid or from a
molecular formula or displayed formula
3. Name and draw the structural and displayed formulae of unbranched:
(a) alkanes
(b) alkenes, including but-1-ene and but-2-ene
(c) alcohols, including propan-1-ol, propan-2-ol, butan-1-ol and butan-2-ol
(d) carboxylic acids containing up to four carbon atoms per molecule




Functional groups and Homolosous series

@((t Covalent bond is the electrostatic attraction between é
positive nuclei and shared pair of electrons
H H single covalent bond
n-d=bin
dovble covalent bond

X represented by a solid line

Functional grovp * atom or grovp of atoms that determine the chemical properties of o homologous series

Homologous series © family of compounds 1hat have fhe same general formula and similar properties
but differ by number of carbon atoms

\> same functional grovp > same general formvla > Similac chemical propeckies > trend in physical properties

Homologous series functional gravp general Formula
alkanes none only C-C CnHypnsez
alKenes alkenyl  €=C in chain CrHyn
alcohol s hydroxyl -OH in chain CnHZnHOH

ydroxyl  ~
cof bOXyliC acids Corboxyl -C-on at terminal Cn H)_nﬂ COOH

S members of a h0mo|03005 secies diffec from each other by one CHz unit

number of C alkanes alKenes alcohols carboxylic acids
1 CHy — CH, OH HCOOH
2 CHy CH, CH,CH, CH,CH, OH CH,COO0H
3 CH3 CH,CH, CH,CHCH, CH,CH, CH, OH CH, CH,COOH
q CH3CH,CH, CH, CH, CHCH, CH, CH,CH,CH, CH, OH CH CH, CH,COOH
5  CHyCH,CH,CH,CH,  CH,CHCH,CH,CH,  CH,CH,CH,CH,CH,0H  CH,CH,CH,CH,COOH

Saturated compounds
H HHH

H-C=C=C=C-H

H HHAH

ex:

Unsaturated compounds

ex: c=C-C-C-H

HHoH I,{
HCCCH Hq:
HHH H

* molecule where all carbon-carbon bonds are single bonds

HH‘,?
=C=C=C

] ' N\

H H OH

* molecule where one or more carbon-carbon bonds are not single bonds

HoH HoH g
CoCoC-C-H  H-C-CEC-C-H  €oC-C-C
H H H H H H H H OH



Nami ng organic compounds

IUPAC nomenclature ° System of naming organic molecules based on steucture and functional grouvps
\S> Intenational Union of Pure and Applied Chemicals

Prefix. meth =1 ¢ peat =5 c-c-c-c-c non =9 c-c-c-c-c-c-c-c-c
number of carbons eth = 2 c-c hex =b c-c-c-c-C-C  dec =/O0 c-C-C-C-C-C-C-C-C-C
in main chain prop =3 c-c-C  hept =7 c-c-c-c-c-c-C
but =4 c-c-c-c ot =8 c-c-c-c-c-c-c-C
Soffix
functional grovp alkane = ane
alkene = - # -ene X # s the position of dovble bond (c=c)
alcohol = an- # - ol X # s the position of hydroxyl (-oH)
carboxylic acid = anoic acid
Alkanes
\S> {rom stevetoral formula: count number of carbons = prefix + ane
oA
ex: H-C-C-C-C-H  4C =buttane butane same process
HHHH

S ‘F(Dm chemical formula. : confirm CanHenvz / draw structoral formula
n = prefix + ane

ex: C8 H,8 2n+2 =18 .. n =8 confirmed octane

\> from sKeleton structoral formula:  count number of points + Z ends = prefix + ane

ex /\\ 3 points + 2 /N \ pentane

Alkenes
\> from stroctoral frmula: (D count momber of carbons = prefix
if >3 determine carbon number where C=C s X lowest number
prefix - #- ene
H H q ;
ex: H-C-C=C-C-H H-C-C=C-C-H  (byb-2-ene
HHHH H HH

S from skeleton structoral frmula: (D count nomber of points + Z ends = prefix
@ if >3 determine carbon number where C=C is Y lowest number
PrcF ix-#-ene

exi /NN /NN (pent-1-ene

| 3



Nami ng organic compounds

Alcohols  (of alKanes)
\> from structoral formula : @ count number of carbons = peefix + an

determine carbon number where ~OH s

X lowest number
Prc(-' ix-¥#-ol

X
-x

H OH

CCH propansivol

Hono
ex:  H-C-C-C-H H-
H HH H

-0

S from skeleton structoral formula: (D count number of points + 2 ends = prefix +an

detecmine carbon number where -OH is

X lowest number
@ Prc(-'ix- #-ol
ex: /W W' hexan - 3-ol
OH OH

Cacboylic acids (of alkanes)

\> from structoral formula: count number of carbons = prefix + anoic acid

HO 10 1C=eth
ex:  H-C-C_ H-C-C_
H O-H H O-H lethanoic acid
> fom chemical formula. :  Cp Hypnyy COOH
ntl = peefix + anoic acid
ex:  CyHyCOOH n=H+l =5 ' pentancic acid

\> {rom sKeleton structoral formula: count nomber of points + | end (withoot OH) = prefix + anoic acid
o 0

ex:
\)koﬂ \)koﬂ yA Pair\ts +lend=23

Pfopanoic acid



Drawinj organic compounds

AlKanes

\S> from the name: @ Pre(' ix = draw that many C and connect each C with single bond
@ connect each C with H until it forms 4 bonds

ex: butane bot=Y cccc Cc-C-C-C H-

T-0-=x

T-0O-x

T-0O-x

x-0O-x
T

> {tom the formula.: @ Cn n= number of carbons

draw that many C and comect €ach C with single bond
draw remaining H

H H
| 1
ex: C,H, CC c-C H-C-C-H
H H
AlKenes

S from the name: @ p(e(' ix = draw that many C.

draw dovble bond on C at the designated number
draw Single bonds connecting rest of C.
connect each C with H until it forms Y bonds

H H H
] 2 3 y ) 1 ]
ex: but-1-ene cccc csC C C C=C-C-C ('Z=(’Z-(;'.-C'-H
HHHH
Alcohol s
\> from the name: @ prefix = draw that many C.
dracw ~OH on C at the designated number
draw single bonds connecting rest of C.
connect each C with H until it forms Y bonds
ra N
ex: propan-2-ol ccc C ' C C'?'C H-(':-g-g-l-l
OH OH H OHH
Cacboxylic acids
> from the name: O prefix = draw that many C.
draw - COOH fo C on one end
draw single bonds connecting rest of C.
connect each C with H uatil it forms 4 bonds
i 1 Ha
ex: ethanoic acid CC C C-oH C-C-oH H’(':'C‘OH
H
s {rom the formula.: @ Cpn n= number of carbons - draw that many C
drow COOH

connect each C with single bond
draw remaining H
0 q
|
ex: C, HgCOOH cC C C C-oH C-C-C-oH H-

=0

:I:-('.\-»::
T -(?-I
@)

)

(o]
pa o



Dcc)ucin3 chemical formulae of organic compounds

Alkanes
@ pre('ix =n @ use formula. CnHzMz

S from the name:

ex: methane meth = | CmHzw+2 CHy

\S> {tom the structoral formula: count number of C and H

ex: HHH HH H
H?gg” HCCCH CaHg
H H H H’ H" HS
Alkenes
S from the name: Q@ prefix = n @ use formula. CnHap
eth = 2 CayHz) C,Hy

ex: ethene

\S> {fom the steuctoral formula: count number of C and H

ex: HH H HH H
H'?'C':'C'Z'H H- C C C H' CsHg
HH H H’ H" H‘
Alcshols
\> from the name: @ prefi% =n @ use formula, CnHznsOH
ex: butan-1-ol but =Y C () Hz (y)1 OH CyHqOH
> {fom the structoral rmula : @counlz number of C and H (not including OH) @ add OH
ex: HH HH HHHH
CH-C-8-C-C-H B-C-C-C-Ctm
Hllll i ;0 7 0" CquOH
H OHH H H, OH H. He
Cacboxylic_acids
S from fhe name: Q@ prefix = n-| @ use formula.  CnHznes CooH

ex: methanoic acid meth=1-7 C (o) H2 (o)1 COOH HCoOH

s {fom the structoral formula : @coun& nvmber a{’ Cand H (no(: including COOH) @ add COOH

ex: HHHD H'HHoP
H-C-C-C-C-0H  y-C-C-C-C-oh  (,HycooH
HHH e B



Summary
AlKanes

number of C name chemical formula steoctural formula

L;ngo;yl;c acids

number of C name chemical formula steuctvral formula




Summa(y
Achnes

number of C name chemical formula steoctural formula




Summary
Alcohols

number of C name chemical formula steoctural formula




Summary

Answers
AlKanes
number of C name chemical formula stroctural formvla
4
1 methane CHy H-G-H
H
o
2 ethane C.H, H-C-C-H
H H
4o g
3 propene Catly H-C-C-C-
H H H
H HH I;I
4 butane Cytho H-C-C-C-C-H
HHHH
HHH KN
2 pentane CsHa HoG-C-C-C-C-H
HHHHH
L;ngo;yl;c acids
number of C name chemical formula steoctvral formula
o)
1 medhanoi¢ acid HCOOH H-'C,' 0-H
H O
2 ethanoic acid CH,CO0H H-é—g'O-H
H
H H O
R I | |
3 propanoic acid C,H, COOH H—Q-(':—C—O-—H
H H
HH WD
4 butanoic acid C,H,COOH H-C-C-C-C-0-H
H H H
TELE:
5 pentanoic acid C,H, COOH H-C-C-C-C-C-0-H
HHHH



Summary

Ar\.Swas
Alkenes
number of C name chemical formula steoctural formula
o
2 ethene C.Hy H-C=C-H
H oy
3 propene CaH, H—C=C'(':"H
H
HOHH A
4 but - /- ene CyHg H-C=C-C-C-H
H H
HH K
4 but -2- ene CyHg H-C-C=C-C-H
H H
HHH KA
5 pent.- 1~ ene CsHio H-C=C-C-C-C-H
H H H
HHH KA
5 pent-1-ene CsHio H-C-C=C-C-C-H
H H H



Summa(y
A'\chfs

Alcohols

steoctural formula

chemical formula

name

number of C

methanol

x

1
O

x

O
1

x

HCHHCHHC

)
X

C,HOH

ethanol

H

C,H,OH

propan.- |- ol

]
x

C,H,OH

propan. - 1-ol

x

o
]

H

HCHHCH 1

HHCHHC

H

C,'Hq OH

butan-1-ol

HCHHCHHCHHCH
HCHHCH

\
x

C, H,, OH

butan-2-ol

x

n_u =

x

H..C-HHCHHr.uH

' x

HHCHHCOHCH
HCHHCHHC
HCHHCHHCH
H..p_.THH..p_.THH..F_TH

1 \
x x

CS HII OH
C,H,0H

Penl:an— I-ol
Penl:an— 2-ol

1
x

CSHN OH

pen{:an— 3-ol



