OCR (A) Chemistry A-Level - Spectroscopy

1. The structure of molecule Z is shown below,

Which of the following statements is/are true?

J 1:  The carbon-13 NMR spectrum of Z shows four peaks — Un

/' 2:  The proton NMR spectrum of Z shows five peaks —) S W
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2. A chemist isolates compound L, with empirical formula C;H¢O, and sends a sample for analysis.
The analytical laboratory sends back the following spectra.
vical aboratory g Ly (9.3) 46 Ul =53
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Mass spectrum /7 e 0O
Molecular ion peak at m/z = 116.0. g% =2 = CC) \H| % l /
"H NMR spectra

The numbers next to each signal represent the number of 'H responsible for that signal.
Two 'H NMR spectra were obtained: one without D,Q and one with D,0 added.
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C NMR spectrum:

5= 213 H(W

| | | \ [ I I | I | I | I
220 200 180 160 140 120 100 80 60 40 20 0

PPM ?ﬁ‘
Use the information provided to suggest a structure for compound L. WNO/‘NM‘/\/L)

Give your reasoning.
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3. This question is about organic acids.

(a) Lactic acid, shown below, has two functional groups.

Q

OH

OH

Lactic acid reacts with bases and with many metals.

e An aqueous solution containing 1.125 g of lactic acid is reacted with an excess of magnesium
producing hydrogen gas.

e The excess magnesium is removed.
The water is evaporated, leaving a white solid, A.

(i) Name the type of reaction of lactic acid with bases and with metals.

reaction with bases:

(ii) Calculate the volume of H;(g) produced, measured at room temperature and pressure.

_l_-_\ LS
((Zx)(1exD+C

.O\ 2S5
O@ x 24000 = (SO

\Joluome f\
2400 <rrel X2 nol oF lackC acio

volume of Hy = cevvvvvennnte o e 12]

wolx EEM

W‘O-U\_Hg

(iii) What is the empirical formula of the white solid A?

[Cgk‘(gOsI' ian or laokic oo
Ma?* = x2 tons ot

Cgl’(mogl\*& ......................... \ocfis.... a0 necoted)
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(iv) Predict two reactions of lactic acid, each involving a different functional group.
Do not include reactions with bases or metals.

For each reaction,

e state the type of reaction, the reagents and conditions
e draw the structures of any organic products formed.

(oo : eSexivooon
Ce 0N, H.Pg O
"“’z o\ cohal f
Cﬁz (crnan)(coo(H,
2° O o2idaxon

kz(_/(—;_o—, ) Hlm‘(_ F rox

CH, (CO) CooH

T

2© aleond, —=> Wetonkg

[4]
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(b) In basic conditions, a-amino acids form anions with the general formula, RCH(NH;)COO". These
anions can act as bidentate ligands.

Copper(1l) ions can form a square planar complex with anions of the amino acid glycine (R = H).
There are two stereoisomers of this complex, B and C.

(i) Draw the skeletal formula of the anion of glycine.

@)
N o

—

o (1]

(ii) Draw diagrams of stereoisomers B and C.

In your structures, show the ligands as skeletal formulae.

i
W o

— Cu —0O l
i C\ HN— C\L&-—th

o S

I
O O

(iii) Anion ligands of the amino acid alanine (R = CH;) would be expected to form more than two
square planar stereoisomers with copper(II) ions.

2]

Explain this statement.
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(¢) Methanoic acid is added to water. An acid—base equilibrium is set up containing two acid—base pairs.

Suggest a mechanism for the forward reaction in this equilibrium.

Your mechanism should use displayed formulae and curly arrows, and show all species present at
equilibrium.

one O o ran
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(d) Information about a monobasic organic acid D is shown below.

® D reacts by both electrophilic substitution and electrophilic addition.
e The molecular formula of D is C,H,0;.
e The mass spectrum of D has a molecular ion peak at m/z = 148.

e The *C NMR spectrum of D contains seven peaks.

¢
Determine and draw a possible structure for D. C &) G n

Z
Explain your reasoning from the evidence provided. /l\ 2
3

7 "¢ nME 4 O <
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4. The compound below is analysed by 'H NMR spectroscopy.

\
0 o' 0
\‘(2
2 3
%Wa@

How many peaks are observed in the 'TH NMR spectrum?

A

Cc

D

Your answer

5

4

3

2

2 wnique
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5. A chemist analyses a naturally occurring aromatic compound.
(a) The percentage composition and mass spectrum of the compound are shown below.

Percentage composition by mass: C, 70.58%; H, 5.92%; O, 23.50%.

Mass spectrum

100+
80
relative 60
intensity
404
20
0_
25 50 75 100 125 150
mlz 36
o
Determine the molecular formula of the compound. Cq__ﬁ O o3
\2x 4 )+ 446
Show your working. R’FMSOCQ’- C G;\ &
. 23 =
c 270.S3 H:S-92 o = —so o W
12 | =\.46R87S \Oj Z
i = s - alz —_—
= 5. 3D e |- 46815
_— V4B 7S
(48RS _ =\
molecular formula = ..... C BHg 02_ ........................ [3]
(b) Qualitative tests are carried out on the aromatic compound. The results are shown below.
Test Acidity Na,CO,(aq) 2,4-DNP Tollens’ reagent
redt foc CAOH PeSt e C=0 v —c?
Observation EH =5 Y No Zﬁzﬁrv:ble Orange precipitate No gﬁzﬁr\f:ble
oL . ’ Gg l/ g

Ay S \1— P‘WW
Determine the functlonalgroupsg%he compound. Explain your reasoning. S'tvex oo
Functional groups \CQAQ\QJQY\QJ"Q’\ .................................................................
Explanation ?Y\ms LU VUROMAC . AR O nok

Q... Al . o_s DR ROOKNON . w!(\f\
NQEQQS o \ouUz C=2.. SEp. PSSk oD

w Rogenk so nok an cx\de!r\gde.
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(c) The carbon-13 NMR spectrum of the compound is shown below.

c. =0
ox0C S ex\\swmrrcyr\tg p
X =
T I-" T T I T I T T T l T
200 180 160 140 120 100 80 0

chemical shift, 5/ ppm

Using the spectrum and the results from (a) and (b), determine the structure of the compound.
Explain your reasoning.

Structure of compound

[3]
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6. Which compound is used as a standard for NMR chemical shift measurements?
(® si(cHy),
. ! C
B CDClL- W peak v W umpe /”3
1 g
D="l ¢ Do -vo frak M C mpmp Solye-ts HC—Si—c Y
D oCol - . L MW ame J :
4" po ea \ C
rerkie W a g s

Your answer

[1]
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7. What is the number of peaks in the "H NMR spectrum of HOOCCH,CHOHCH,COOH?
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8. Which compound shows 4 peaks in its carbon-13 NMR spectrum?
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9. A compound produces the '3C NMR spectrum below.

e
il p _Y>-—few”3 for

80 70 60 50 40 30 20 10

chemical shift, 8/ppm
3 oS
3

o

Which compound could have produced this spectrum?

|
/\/ Propane /\ P\
[ |

_B” 2-Methylbutane

@ 2-Methylpropan-1-ol {

L.: 4

R
/B/ 2-Methylpropan-2-ol 2
| ~ OH X D
Your answer
C z [1]
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10.  This question is about esters.

(a) The structure of ester A is shown below.

3- prowoproguroic ocd

etharol
O//\\‘

Ester A

(i) What is the systematic name of ester A?

A2

(ii) In the boxes, draw the organic products for the reactions of the functional groups in
ester A shown below.

Each reaction forms two organic products.

o
/\/\‘K " H o /\
B¢ O
H*(aq)
O
Br/\)LO/\\
Ester A
excess OH™(aq)
®)

+ 0/\

Ho/\/Ko" w

(5]

(ili) Name the type of reactions of ester A shown in (ii).
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(b) The protons in ester A are in four different environments, labelled 1—4 on the structure below.

1 0 3
|

r b

CH c CH y
i o 25
Br ol No” CH,
2

Complete the table to predict the proton NMR spectrum of ester A.

Proton environment Chemical shift Splitting pattern
1 8 a-%5 wopvek
2 2.0~"3:9 «~\plex
3 2 0-4%3 Quovekx
4 5. 4. iRk
4
Cs¥ o 02 By o
(c) Compound B is a structural isomer of ester A. Y
, _ H CHv<g
* Compound B reacts with aqueous sodium carbonate. CQOH Vit o) & z o
*  The 3C NMR spectrum of B has 4 peaks. Qr- C- IC . T
\ OH
Draw a possible structure for compound B. ok H 3&"{3
CHa ¢
|
i A TN oy
( - A - LT
B-C—"c-&”% 2 FEr v o
: \aH H B
[ Cﬂ3 H [1]
(d) A polyester is formed from 200 molecules of 4-hydroxybenzoic acid. COOH

What is the relative molecular mass, M,, of the polyester?

(vex )+ 6 + ((6xD) = (3B qpnat”! O
(2R x 200 = L6 gral™
27600 - ((Aax | ®) =24Q(& ot

M=_. 24008 gmol™' [2]
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(e)* A student intends to synthesise ester C.

H

H c:—c‘:—c:/O A
T

A LEMN

Ester C

(i) Plan a two-stage synthesis to prepare 12.75g of ester C starting from 2-methylpropanal,
(CH;),CHCHO. Assume the overall percentage yield of ester C from 2-methylpropanal is
40%.

In your answer include the mass of 2-methylpropanal required, reagents, conditions and
equations where appropriate.

Purification details are not required. [6]

_____ (B S oo e s o

(32D A G L XY e
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(i) The mass spectrum of ester C is shown below.

1004
i Y=&3

80—

60—
Relative
intensity

20—
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' m/z

4
_CH € (

Cn.._g :
Suggest possible structures for the species responsible for peaks ¥ and Z in the mass
spectrum.

,.\.
(cka), CA (CHs), ditee)

[2]



OCR (A) Chemistry A-Level - Spectroscopy PhysicsAndMathsTutor.com

11. * Analysis of an unknown organic compound produced the following results.

Elemental analysis by mass
C: 73.17%; H: 7.32%; 0: 19.51% exn@iriceo)  (@rmulo.

Mass spectrum

Molecular ion peak at m/z = 164.0 Q’V\Q\w W

Infrared spectrum

100
Transmittance
(%) 50
T T—F—T—T—T—T—T7 T
4000 3000 2000 1500 1000 500
Wavenumber/cm™!
'H NMR spectrum in D,0
3
4 3
Aﬁ 1
b
I I I | ! | I I T | T T T T T
8 7 6 5 4 3 2 1 0
Chemical shift,d/ppm
The numbers by the peaks are the relative peak areas.
Use the results to suggest one possible structure for the unknown compound.
Show all your reasoning. [6]
eviald . temana . CsH 6 65 T
c: 3.V BN = G AP Y gy LA
-6 Oel'l'S" =73 =2
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Additional answer space if required
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12. Which isomer of C4H,,0, produces the smallest number of peaks in its '*C NMR spectrum?
‘ 0
ol Ll L
t S “oH
1 3 O
B 5 5 g0l
| TRUEE O
c ></ 4 RROMK
z >oH

2z
/B/ l .
/K: OH g(mowu%

Your answer | C
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13.  Compounds B and C, shown below, are unsaturated hydrocarbons containing nine carbon atoms.

;j'[ ; v\bmw ringy
anert
B c

(@) Compound B reacts with chlorine at room temperature, but compound C requires the
presence of a halogen carrier.

In both reactions, the organic compound reacts with chlorine in a 1:1 molar ratio.

(i) Draw the structures of the organic product of each reaction.

eleckcoghie oddubton eleatvofhlic  suostomon
<l
cC Ct
Organic product with B Organic product with C
(2]

(ii) Explain the relative resistance to chlorination of compound C compared with compound B.

To. R . &e  eecoo /T bad s locauaeoh

TG X0 leokony. [TC. ring..Sofem ... is.... detocalusscd
T B e deckan densiy. i3 higher.. 3G 35 o .
Sosephle . de . 2AecvaPnilic  adracie /8. oNmos/occe@R
e dearopmle (CL) e [ B pdoxzes. X2 ecighe.
L O WK o . XSSO OSSOSO
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(iii) Outline the mechanism for the reaction of compound C with chlorine.
frmng - elegrephile
Show the role of the halogen carrier. -
+ \c(
flCty & B0, —& CLg = RiShe
\e neRda o SHErQRA

e_\ec*«e@'“ c /s \ess
couse !
eseormPnile o

cct
LS SuoseNae *© ‘eee,NQN\(c oNoCe
" Wrereos B will ondege
W\QQ oftonre wedn CL

cl

5 A

- HCl
MY & Al —> AL T

ki OIOREN Carriex

(51

(b) Compound C can be prepared by ‘trimerisation’ of propanone using concentrated sulfuric
acid as a catalyst. (@)

B, M0

Suggest an equation for this reaction, using molecular formulae. Q\’\

compound  C
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(c) An organic chemist is investigating compound D for possible use as a medicine.

The chemist proposes a synthesis of compound D from compound C.

comp<'>und Cc compound D

(i) Predict the number of peaks in the '3C NMR spectra of compounds C and D.

Compound C | Compound D

Number of peaks 2 ]

[2]
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OCR (A) Chemistry A-Level - Spectroscopy
(ii) The chemist develops a three-stage synthesis of compound D from compound C.

Complete the flowchart.
Show structures for organic compounds.

eAe Chofm v ¢ NO,

Subsitronon
reagent: ...... ﬂNQ.—s ....................

=
catalyst: ....Hz_.SQq. ..................
compound C
1.Sn + HCI
2. Neutralise
O FRALCKDEN
A e =
HN T
Nr o

reagent: ... %=1} g e b
) O

compound D
[5]
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14. Cyclopentanol can be reacted to form cyclopentene.
Cyclopentene is a liquid with a boiling point of 44°C and a density of 0.74gcm™3.
— 3 demp. e redoshll ak
A student plans to prepare 4.00g of cyclopentene by reacting cyclopentanol (boiling point 140°C)
with an acid catalyst.

Equation CeP1oO C Mg
o ®) (12x5)+10+16  (12r8)+3
= 86 =68
— & H,0

The expected percentage yield of cyclopentene is 64.0%.

Method
The student carries out the preparation using apparatus set up for distillation, as shown below.

1 The reaction mixture is heated gently, and a distillate containing impure cyclopentene is

collected.
@
cyclopentanol
and water
concentrated out
phosphoric
acid

water bath
distillate

ice-water
mik ure

2 The distillate has an aqueous layer and an organic layer.
The student purifies the cyclopentene from the distillate.
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(a)* Calculate the mass of cyclopentanol that the student should use and explain how pure
cyclopentene could be obtained from the distillate. [6]

—DV%M% ...... W mk%dnmaszm\ksxa&%)"\s&oq./
T Redostl\ ok aporx. 4« ®c e-oamineme
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(b) The organic layer in the distillate was analysed by IR spectroscopy.
The IR spectrum is shown below.

100

Transmittance (%) sp

Wavenumber /cm™!

Explain how the IR spectrum of the organic layer suggests that cyclopentene has been
gl

formed and that the reaction is incompiete. G—— Swee Cuciomirsand .
SRk o |

O-H {..a\cdm.\.....een.u..,‘.m...,.‘regj\m..‘.S'ZQo.:Ssooc.mf.'..‘...
C=C [ alkene eeai in. . reyon \820-1680cm !
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15. An organic compound I is analysed, using a combination of techniques. The analytical data is
shown below.

Elemental analysis by mass
C, 56.69%; H, 7.09%; N, 11.02%; O, 25.20%

Mass spectrum
Molecular ion peak at m/z=127.0

IR spectrum

Proton NMR spectrum

2 o
N SMWE / amide
1
I )
1 1 L ] L 1 L 1 L
5 4 3 2 1 0

Chemical shift, 8 / ppm

(a) Explain the use of two deuterated compounds in NMR spectroscopy.
> chlomgemn-~aAd

[of o el PSR L - DR LT B LT e e e e
sz..o. ....... osed . X0 _idemki . OR _er N ecoMR .
....... om0, 0. Vasd  Ave . OH .o .. meoms . dSareeaw
Jdouk odven DL, O ek 3R O o N CROMS.ore [2]



OCR (A) Chemistry A-Level - Spectroscopy PhysicsAndMathsTutor.com

(b)* Determine the structure of compound 1, showing all your reasoning.

S.s.%.2epm...quadek, 22X .. O n Gl Qo

Szl-ﬁm ......... q QW&\H ........... \c[ -Qﬂ-QKS ...................

= CH'Z_Q—C—-C—CHE .....................................................
\

T » WO S -
( [\
....... WS-CHZ—O_C‘-‘C“CN



