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Answer all the questions in the spaces provided.

SECTION A

Biodiesel makes use of plants’ ability to fix atmospheric carbon by photosynthesis.
Many companies and individuals are now using biodiesel as a fuel in order tp reducg
their carbon footprint. Biodiesel can be synthesized from vegetable oil according to the
following reaction.

TC? I
H—C{o—CHR H-C—OH
| 5 NaOH (s) |
/ H—C—0-C-R (I) +3CH,0H () === H-C-OH () + 3CH; R (1)
— | % = |

H—(|:—O—C—R H—CIT—OH

H | | .
. M=226.55
vegetable oil methanol glycerol 1odiesel
(a) Identify the organic functional group present in both vegetable oil and biodiesel. [1]

4 ]

7 ester j1-g-b-x

(b) For part of her extended essay investigation into the efficiencyd of the process,
a student reacted a pure sample of a vegetable oil (wherg yith methanol.
The raw data recorded for the reaction is below.

— MVI&SLS Mass of oil =1013.0¢g
["70/ - Mass of methanol = 200.0¢g
7 Mass of sodium hydroxide =  35¢g

Mass of biodiesel produced = 811.0 g

The(fclatve molecular masg)of the oil used by the student is 885.6. Calculate the amount
(in moles) of the oil and the methanol used, and hence the amount (in moles) of excess

methanol used. /2,0 3

raef 01/ = “HrEF =)/ e / ot
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[3]
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(Question 1 continued)

(c) The reversible arrows in the equation indicate that the production of biodiesel is an
equilibrium process.

(1)  State what js meant by the term dynamic equilibrium. [1]
Beth Forivend and peverse peactig

(1) Using the abbreviations [vegetable oil], [methanol], [glycerol] and [biodiesel]
deduce the equilibrium constant expression (X, ) for this reaction. [1]

S = Lalycert]Lbe ese]]
| ¢ [i/ea ; 0;‘/7 [ﬁé%mg/j 3

i . . .
(111) Suggest a reason why excess methanol is used in this process. [1]

To enpre il il Fhe o/

(1v) State and explain the effect that the addition of the sodium hydroxide catalyst will
have on the position of equilibrium. 27

a 2’4 z‘:é;’f on{7 Pl = I

e et Sf the pescteal

(d) The reactants had to be stirred vigorously because they formed two distinct layers in the
reaction vessel. Explain why they form two distinct layers and why stirring increases the

rate of reaction. : [2]
o/ is 770070 /op b7 "”% “o/ .e.'.{.z?‘fké/;‘
Zhesefore. LAy do s10f rux (a8 n0E rrsodbte

(e) Calculate the percentage yield of biodiesel obtained in this process. [2]

1154 ol 01y Szellegiel 2 = 0/ 8

—

% ' }C*e/c':’i)é;///}g-g- o= 172,47 72/ ...............

(This question continues on the following page)
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Two students were asked to use information from the Data Booklet to calculate a value for the

enthalpy of hydrogenation of ethene to form e%nc# j 28 %
# N A’ H =t7 - [} ..
' C’—C’\bl e CH,(g)+ H,(g)—> Csz(g) _— ¢, _ —#

/ §
/?Tlohn used the average bond enthalpies from Table 10. Marit used the vaiues of enthalpies of
combustion from Table 12. - |

(a) Calculate the value for the enthalpy of hydrogenation of ethene obtained using the average
bond enthalpies given in Table 10.

e S o ’ '
= 2OV (412) 4 (739 1 L) HE )< )T 7
- A//:@ ....................... db‘&d:@ ...... R &

..... g‘:j;éwﬁa)(gvﬂa/& . /‘1/”;

(b) Marit arranged the values she found in Table 12 into an energy cycle.

AH® (hydrogenation)

CH(®  + Hy(g) > CHy(g)
T -
2 5
S| E o| 2
| 2 -~
— -
= 3
T q
2C02(g) + 3H20 (l)
Calculate the value for the enthalpy of hydrogenation of ethene from the energy cycle. [1

" |
‘77%‘/\'/7 - Z%'Hﬁ-g/ enctotss - d&é-,,ﬁ / ﬂﬂa/hrzﬁ

N —

[a'r'u.ﬂ!/}lf!‘!’fléw/) ................. hadawaEa b oun

(c)  Suggest one reason why John’s answer is slightly less accurate than Marit’s answer. [1]
. : /
M 7. %&/‘ff a6 o7 /e a] avlrss G TOUeT Z

such ao the “O-i bonds it b, £ 0, K

(This question continues on the following page)
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Sodium oxidc 5 a white solid wzth a hlgh melting point.

@ (a) Explam why sohd sodlum oxide is a non- conductor of electricity. .[ 1]
e eat ore bouad Lty o«
----------- / ‘ ﬂc a” ”o e
....... st fezre sall e ol el 2o
(b) Molten sodium oxide is a good conductor of electricity. ‘State the half-equation for
the reaction occurring at the positive electrode during the electrolysis -of molten
sodium 0x1de 3 (1]
2ot ._.:02...?‘7.’.7.’3 ....................................
: - 1]
() () State the acid-base nature of sodium oxide. » [
W0 1] forry o Gasie sofuZTez
(i) ~State the equation for the reaction of sodium oxide with water. (1]
N, O F o —> AMOH
-9- M09/4/CHEMI/SP2/ENG/TZ1/XX
) (a)  Define oxidation in terms of electron transfer. [1]
ORI it ZAE focs of efectTogy
(b) Chlorine can be made by reacting concentrated hydrochloric acid Wlth potassium
aq)+2 5 2
KMnO aq)+16H§1(aq)-—> MnCL q) KCI(aq)+t5?§1‘(aq)+8H‘O(aq)
()  State the oxidation number of manganese in KMnO, and in MnCl,. [2]
KMnO, . 7.-7 .................................................
MnCl, 7‘—2‘ ..................................................

(1) Deduce which species has been oxidized i in this reaction and state the change in
oxidation number that it has underoone [2]
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butane < propanal < propan-1-ol;

butane has van der Waals/London/dispersion forces;
propanal has dipole-dipole attractive forces;
propan-1-ol has hydrogen bonding;

imf marks are independent of the order.

Treat references to bond breaking as contradictions if the imfs are correct.

butane is least soluble;

it cannot form hydrogen bonds/attractive forces with water molecules;

propanal and propanoic acid,

0 0
4
CH;CH,CHO / C,HsCHO / H3C—C—C\ ;
H
H
H H o
7

CH;CH,COOH / C,HsCOOH / H—C—C—C

H H

H OH H

H— C—C—C—H /CH3CH(OH)CHj ;

H H H

secondary (alcohol);
propanone / acetone;

hydrogen bromide / hydrobromic acid;
Do not accept HBr, as name is asked for.

sodium hydroxide / hydroxide ions (name required);
dilute and aqueous / dilute and warm / aqueous and warm;

/

OH

4]

2]

3]

1]

2]
1

2]



(iii)

(iv)
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o\ k !
C\ —— HO""(lf“'f‘?B —_— C\ + Br
cny” | B /N Ho”~ | ~H
H CH; H CH,3

curly arrow from OH™ to C atom;
Accept from lone pair or minus sign or O. Do not award marking point if
arrow originates from the H of OH .

curly arrow from bond between C and Br to bromine atom on bromoethane or
the transition state;
transition state including negative charge and partial bonds; [3]

hydration of ethene / steam + ethene;
Allow equation

(ethanol used as) solvent/fuel/antiseptic/intermediate to form other
compounds; 2]




