Practice Topic 11 questions /55 marks]

1 Whatcan be deduced from tha following "HNMR spacium? 1 mark]

AL LA LA AL B L N L (R S L
8 7 6 5 4 3 2 1 0
Chemical shift / ppm

A.  There is only one hydrogen alom in the molecule.
@ There is only one hydragen environment in the molecule. (Y "\})/ l ?eo*

C. The molecule Is a hydrocarbon,

¥
0 9

D.  There is only one isctope in the element,

Markscheme

B

Examiners report

[NA)

o What information is provided by 'H NMR, MS and IR for an organic compound? {1 mark}

L. TH NMR: chemical environment(s} of prolons
Il. MS: fragmentation pattern
. IR types of functional group

A land Il only
B. tand lll only
C. lhand Il onty

, fland I

Markscheme

b

Examiners report

[N/A)




a, What can be determined about a molecule from the number of signals in its "HNMR spectrum? [T mark]

A. Bonds present
Molecular formula

Molecular mass

B.
C.
@ Number of hydrogen environments

Markscheme

D

Examiners report

[NiA]

The reactivity of organic compounds depends on the nature and positions of their functional groups.

The structural formulas of two organic compounds are shown below, Ll
CI:OO‘Ii fﬁa‘ \ c COOH CHg }
‘H_—C C—CH, H—¢C C—CHj,

£ b 3 &
3AL B

42, Deduce the lype of chemical reaction and the reagents used to distinguish between these compounds. 1 mark}

Markscheme

oxidation/redox AND acidified ~potassium= dichromate{VI)

OR

oxidation/redox AND «acidified potassium= manganate(Vil)

Accep! “acidified «polassium» dichromate” OR “«acidfied potassitts permanganate’.

Accep! hame or formula of the reagenl(s).

Examiners report

(N/A]




4, State the observation expected for each reaction giving your reasons. [2 marks]

Markscheme

ALTERNATIVE 1 using KeCrz07:

Compound A: orange to green AND secondary hydroxyl

OR

Compound A: orange to green AND hydroxyl oxidized «by chromium(V1) ionss»
Compound B: no change ANDtertiary hydroxyl «not oxidized by chromium({V1) ionss
Award {1] for "A: orange to green AND B: no change”™,

Award [1] for *A; secondary hydroxy! AND B: tertiary hydroxyl”.

ALTERNATIVE 2 using KMnQ4:

Compound A: purple to colourless AND secondary hydroxyl

oR

Compound A: purple to colourless AND hydroxyi oxidized «by manganese(VIl) lons»
Compound B: no change AND terliary hydroxyl «not oxidized by manganese{Vll) ions»
Accept “alcohol” for “hydroxyl”.

Award [1] for “A: purple to colourless AND B: o change™

Award [1] for "A: secondary hydroxy! AND B: tertiary hydroxyl".

Accept “purple ta brown” for A,

Examiners report

[N/A]
4c. Deduce the number of signals and the ralio of areas under the signals in the "H NMR speclra of the lwe compounds. [4 marks]
Compound Number of signals Ratio of areas

A L 5- ........... 6”" ............




Markscheme

Compound Number of sighalg Ratic of areas
A 5+ 61111
B 4.4 6112

Accept ratio of areas in any order.

Do not apply ECF for ratios.

Examiners report

[N/A]

o, Explain, with the hilp of quations, the mechanism of the free-radical subistitulion reaction of elhane with bromine in presance of 4 marks]
suright,

ibepr  BC-Cly

" Twhation

g7

4

Be tie-cly > Bech, r KCo

Markscheme

Bra __ W tinelteol 3 2B

Br+ 4 CaHg =+ CaHge + HBr

CaHg* + Bry = CoHeBr + Bre

Terminalion.

Bre + Bee — Biz

OR

CgHsr + Bre — GgHgBr

oR

CpHss + CaHgs —= CaHip

FReferance to UVihwheat nol reguieed,

Accap! reprasentation of radical withou! - (eg, Br, CaHs) # consisten! hroughoul mechanism
Accept furthar bromination.

Aweard [3 max] if initiation, propagation and kermination are mel stafed or are incomechy labelied for equations.
Aweard {3 max] if methans iz vsed inslead of ethane, andvor chinring (s used inslead of broming,




Examiners report

[N/A)

This queslion is abowl carbon and chioring compounds,

ga, Efhane, CaHg reacts with chlodine in sunlight. State the type of this reaction and Ihe name of the mechanism by which it ocowrs.  ff mark]

Markscheme

gubstitution AND «fres-wradical
oR
substilution AND chan

Award [1] far “sfree--radical subzhitution” or "5 g” willen anywhene in the answer
[t mark}

 Examiners report

[




&b,

Formulate equations Tor the two propagatian sleps and ene tenminaton step in the formation af chiorosthane from ethane.

Two propagation steps:

i Gl l# ____________ \CN3+ ' Cl
T R XY —7'4 Clﬂ”"c‘,l """""

13 marks]

Markscheme
T propagalion sleps.

GaHg & *Cl =+ CaHsr + HCI
CaHige + Clz = CzHsCl + +Cl

Oine terminalion siep;

CaHg* + CgHge = Cabig

oR

Cghige + «C) -+ CaHs0 .
OR

Ll 4 <0 = Clp

Accapl radical without « if consistent throughout
Altow ECF from incarrect radicals produced in propagation step for M3.
{3 marks}

Examiners report

(MPA)




f W—fmgtmtﬂtﬁ‘x
5e, ‘One possible product. X, of the reaction of ethane with mm\s the following composition by mass: {2 rmarks}

carbon: 24.27%, hydrogen: 4.08%, chiorine: 71.65%
Daterming the emgical formula of the praduct. 2.2 1@ "{ '-I;
A2 x4

oo
d-C-c-¢
ok

Markscheme

C-:?iﬁ‘.:zwmnﬂ—#d.mamcz rh:‘ 2021

[F1]

Do not accept CoHaCls.
Award 2] for correct final answer.

[2 marks]

Examiners report

[NA]




gy, The mass and "HNMA spectra of praduct X &re shown below, Deduce, giving your reasons, s structural formula and hence 1he 13 masks)
" pame of the compound.

100

1\ T
g Cl” ,GhCl e 3948
gﬁ“ﬁ che, C3 /2.0

* s \ (2X) L O
?im%res&qﬁ%— (v P““"”D

' y x2 =91¢
'H NMR specirum: 2pea 'L:r ,
nﬂ-uti J__ﬁ, hext

Hfﬂtkf 3[ (#4*' ru'&)

-
1

B I

T T T T T T T T T T 7T
5 B 7 6 5 4 3 2 %+ 0
Chemical shift/ ppm

—r
10

[Source: hitp:isdbs. db.aist.go )

12-dichboethane




LT
J (
C::C,
n

i+ Cl

Se.

{

Markscheme

molecular ion peakis) «about» m/z 100 AND «so» CoHyCla «isotopes of Chv

two signals «in THNMR spectrum» AND «s0» CH3CHOI

OR

«signals in» 3:1 ralio «in '"HNMR spectrum» AND «so» CH3CHCk:

OR

ong doublet and one quartet «in 1H NMR spectrum» AND «so» GHzCHCI

1,1-dichloroethane

Accep! “peaks” for “signals”,

Aflow ECF for a correct name for M3 if an incorrect chiorohydrocarbon is identified

{3 marks}

Examiners report

[N/A)

not C.H,C|
2y & 2
Chloroethene, CaHaCl, can undergo polymerization. Draw a seclion o the polymer with three repeating units.
y———— LY

{1 mark)

T

[

/

]

: ‘ cl Vi o '*
[~ | |

--cc,c_cc,

C

I
it

L C[ H Cl l"‘ Cl
+ T

'T ';‘ ’t f [} [
[ —
~C - c <
72 "QrC-c-e-cos
o Gk ¢l
Markscheme
H H H H H H
| | 1 |
~—C-—C—C—C—C—C——
P
Cl H Cl H Cl H

Continuation bonds mus! be shown.

Ignore square brackets and “n"

|1
Accap! (|:—T
I!t Cld,

Accepl other versions of the polymer, such as head fo head and head to tail.
Accept condensed structure provided all C fo C bonds are shown (as singla)
1 mark}




Examiners report

[N/A)

Thes question is about carbon and chlarine compounts.,

ga, Efhane, C;Hg, reacts with ehloring in sunkght, State fhe type of this reaction and the name of the mechansm by which it acours, {1 mark]

meaen & Lod: L dion

Markscheme

substilution AND «free-radical
oR
substilulion AND chan

Award [1] for *iree-~radical subsiiiution” o “Sn’ writlen anywhere in the answer.
{1 mark]

Examiners report

A




b Fermulate equations for the two propagation steps and one tlermination step in tha formation of chlorasthane from ethane. I3 marks]

Two propagation sleps

Cne termination slep:

Markscheme
Twa propagation steps:

oty + #Cl -+ C,ly e +HC
CyHse | CL - CuHsCl 4 oCl
Ong fermination step:

Colly e +C3Hye < CHyg

oR

CHs e+ 8 CF 4 C;HeCI

oR

o1+ 001 =+ Cly

Accepl radical without  if consistent throughout.
Aflow ECF lor incorrect radicals produced in propagation step for M3,
{3 marksj

Examiners report

[N/A]




FALL R trl""l

{
uﬁﬁ,}:__cf_c_l

g, Deduce the splitting patlerns in the TH MR spectrum of CaHsCL I markj
— T
Ctt-ﬁf-l—&”
Markscheme
Iriplat AND quael l.,c 4 E:
1 mark}
Examiners report
A
&d. Explain why totramethylslans HI.-'IS:-is olien used as a reference standard in 'H NMR. vﬁ 5? , :l [2 marks]

“N
______________ Cf% | QHH’S'n erz,
3-‘i<,1-cli}9qw—mv:rmm1t

. _.ﬁ.v,lrwj_ ) .53?\9.[

Markscheme

charmical shiftsignal owlside range of common chemical shift'signal

strang signal/ 1202 H atoms in same environment
oR
singleling splitiing of the signal

volatile/easily separated/sasily ramoved
OR
inertistan

conlgns fhree common NMA nuclel "H and 136 and 25

Do not accept chemical shift = 0.

[2 marks]

Examiners report

[NA]




gg, e possiile product, X, of the reackon of ethane with chlorine has the fellowing composition by mase: {2 marks!
carbon: 24.27%, hydrogen: 4.08%, chlorine; 71,65%

Determine the ampirical formuta of the product. 2, (C LIH- 74 |

Markscheme

By T T T i o TG
C =24 _ 205 ANDH = -:-'-_ﬁ- = 4,04 ANDC] WE = 2.021

120
ahenge- CHzCI
Accept

2427

120t °

308,

1.01

7165

35.45

Do not accept CalH4Cla.

Award [2] for correct final answer,

[2 marks]

Examiners report

[NiA]




~ Tne mass and 'H NMR spectra of prackct X are shown below. Deduce, giving your reasons, its struclural formula and hence tha {3 marks]
namse of the compound.

Mass spectrum
100 1

B0 4
60 -

40

i
£

20 -

u-
eqyﬂﬂ/ 10 20 30 40 50 60 70 8O 90 100 110
mz

"H NMR spactrum:

0 6 & 7 6 5 4 3 2 1 0
Chemical shili / ppm

[Source: nitp tisdbs db.aist.go o)




Markscheme

molecular ion peak(s) «abaut» m/z 100 AND «so» CaH4Clp «isotopes of Cl=

two signals «in H NMR spectrum= AND «s0» CHzCHClp

OR

«gignals in» 3:1 ratio «in 'H NMR spectrum» AND «s0n CHaCHCla

OR

one doublet and one quartet «in "H NMR spactrum» AND «50» CHzCHCh

1,1-dichloroethane

Accep! ‘peaks” for “signals”.
Allow ECF for a correct name for M3 if an incorrect chiorohydrocarbon is identified.

{3 marits]
: Y
Examiners report ) '”'

(A 18 =
e cuer e ¢=¢

When the product X is reacted with NaCH in a hot alcoholic solution, CaHsC| is%rmed. State the role of the reactant NaOH other  [f mark]
than as a nucleophile,

WOttt HET

Markscheme

base
OR
proton-acceptor

I1 mark}

Examiners report

[N/A)

6h. Chloroethene, C-HyCl, can undergo polymerization. Draw a section of the polymer with three repealing units. [t markf

Same.




Markscheme

Continuation bonds mus! be shown.
Igrore squarg brackets and 'n”.
H H

Accept C—C

H Cld,
Accapt other versions of the polymer, such as head lo head and head to tail.
Accept condensed structure provided all C to C bonds are shown (as single).
{1 mark]

Examiners report

[N/A]




A compound with a malecutar formula C7H 0 produced (he following high resolution "H NMB spectiem,

(.L'ZFE’ u?“ﬂ"ﬁ

W

om0 ] 7 L: S r) 3 p 1 1]

Chemical shift / ppm
7a, Doduce whal information can be obtained frem e 'H NMA spectrum. {3 marks]
Number of hydrogen environments: 3
Showld be given’
: 0y A, ¥ 1
Ratio of hydrogen emvironments : : 2'3‘q

Markscheme
Number of hydrogen amdranments: 3
Hatio of hydrogen evvirgnmarnds; 2:9:9
Splitting pattarma: «alle singlets

Accept any equivalent ratios such as 9:3:2.
Accept “ro splitting”.
I3 marksj

Examiners report

INIA)




TA

Idaniify tive funclional group fal shows sirefching al 1710 em =Y i the inlrared spectrum of this compound using sechon 26 of the [T mark]
diata bosklel and the 'H NMA, =

1

Markscheme

carbonyl
oR

( rmz[;u @

;c::::;(emns"bumog “aldehyde”. ’ Atjﬂ AL OnlY 2\ H’ eV\Vt rvﬂmﬂ,ﬂls
U’\v Y

Examiners report

(NA)

Sugges! the structural formula of this compound. Rﬂ.ﬁ\e (44 b <0 c7 ,-} 1y O {2 marks}]
¥

3 }} environna

7¢.

O
- A X a2 B
1*$‘L ’ il ?

.
Mark;z:hen;e cl C"HZ' ‘ﬂi’(}’j Cl';a;\:ilf j

HiC—C—CH,—C—CHj;

Ha
Accept (CH3)3CCH2COCHS3.
Award [1] for any aldehyde or kelane with C7H140 structural formula.

{2 marks]

Examiners report

IN/A]




Dry Ceby Cehz  Cellg
Bromine was added to hexane, hex-1-ene and banzene. identify the compound|s) which will react wilh bromine in a well-lit 1 mark]

 Bra * Colly 7 Froa Reicd sbalibdion

Bf& 4. Q€H'[2 -2 __.A"\'$®V\ ......
e+ Clle > My reqhon (Rtorce Slivalio)

Markscheme

hexans AND hex-1-8na

fd,

Accept “benzens AND hexane AND hex-1-ene”.
[1 mark}

Examiners report yr
[NfA} P
v o~
[INGAS (=C-C--C-C

7e, Deduce the struclural formula of the main organic product when hex-1-ane reacls with hydrogen bromide. [1 mark]
. o

%(Q CGH’Q\ ﬁ %r nd C”Z.BFC” C” CHZ_CHZCVB

Markscheme

CH3CH2CH2CH>CHBrCH;

Accep! displayed formula but not molecular formuia

[1 mark}

Examiners report

IN/A)




1 State the reagents and the name of the mechansm for he nidration of benzens,

9

L

—Sr——

Reagents:

Mame of mechanism:

{2 marks]

Markscheme

RAeagenis: sconcaniratad= sulfuric acid AND «concentrated» mitric acid
Mame of mechaniam: slecirophilic substitution
[2 marks]

Examiners report

(N

_ Quline. in berms of the bonding present, why the reeclion conditions of halogenation are different for alkanes and benzene,

1 mark]

Markscheme

benzens has ~delocalized= % bonds «that are susceplible 1o elecirophile allacks AND alcnes do ol

Do not accept “benzene has single and double bonds™

[1 mark]

Examiners report

[NiA)




71, Below are two Isomers, A and B, with the molecular formula CaHgBr. 13 marks]

@

A B

Explain the mechanism of the nucleophilic substitution reaction with NaOHiag) for the isomer that reacts almost exclusively by an S 2
mechanism using cuzly arrows to represent the movement of electron pairs.




Markscheme

o] ot

c . HO----C-~-Br +Br
CHCHCH; |<Q o™ | H
H CHiCHLCH, H HaCH:CH3

curly arrow going from lone pairinagative chargeon O in "OH o G
curly arrow showing Br leaving

representation of transiion state showing negative charge, square brackets and partial bonds

Accept OH- with or withourt the lone pair.

Do not allow curly arrows originating on H in OH~
Accept curly arrows in the transition stafe.

Da not penalize if HO and Br arg not at 180°.

Do not award M3 if OH-C bond Is represented.
Award [2 max] if wrong isomer Is used,

13 marksj

Examiners report

[NiA]

The structures of morphine. diamarphine and codeine are given in seciion 37 of the data boolkiet . 'l

Methadone is used to treat heroin addiction. 'H NMR spectroscopy can be uzed Lo study its sliug

Ba




Markscheme

[
[1 mark]

Examiners report

[N/A]

gl Predici the chemscal shifl and the spétting patiern seen lor the hydrogens on the carbon alom cirched 0 the disgram. Use section 27/ marks]
of the data bookial.

Markscheme

Chamical shifi;
2.2=2.7 #ppmu

Sphitfing pattern;
quartet'y

[2 marks]

Examiners report

[NiA)
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