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Section A
For each of the following questions only one of the lettered responses (A-D) is correct.

Select the correct response for each question and write the appropriate letter in
the space provided.

1 Which one of the following does not contain an asymmetric centre?
A 3-hydroxypentanal
B 3-hydroxypentan-2-one
C 2-methylbutanoic acid
D 3-methylbutanoic acid

Answer D [1]

2 A0.1M solution of an organic acid has a pH of 4.40. What is the pK, of this acid?

A 34
B 44
C 78
D 838

Answer ¢ [1]

3  Which redox reaction represents the largest change in the oxidation state of sulfur?
A HSO, + 8H — HS + 4, + 4H,0
B S + O, — SO,
C S,03 + 2H* - SO, + S + H,0
D 8§ + 6HNO; — H,SO, + 6NO, + 2H,0

Answer A [1]
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Which one of the following is the conjugate base of methanol?

A CH,OH,
B CH,O
C H,0"
D OH-

Answer B [1]

Which one of the following is the ester formed from propan-1-ol and methanoyl
chloride?

A CH,CH,COOCH,
B CH,COOCH,CH,CH,
C HCOOCH(CH,),

D HCOOCH,CH,CH,

Answer D [1]

Which indicator would be suitable for a titration between 1 M solutions of
hydrochloric acid and ammonia?

Indicator pH range
A chlorophenol red 48-6.4
B indigo carmine 11.4-13.0
C methyl violet 00-1.6
D thymolphthalein 9.3-10.5
Answer A [1

[Turn over
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7 Which one of the following compounds reacts with both acidified potassium
dichromate(VI) and 2,4-dinitrophenylhydrazine?

A CH,CH,CH,OH
B CH,COCH,
C CH,CH(OH)CH,
D CH,CH,CHO
Answer D
8 Which one of the following gives the units of K ?
A  mol" dm3
B mol?dmb
C mol dm3
D mol?dm®
Answer D
13616.08RRR
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9 The table below shows some enthalpy change of formation data.

Compound TiCl,(1)

H,0())

TiO,(s) HCI(g)

AH® [kJmol-" -804

—286

-945 -92

What is the value of the enthalpy change of reaction for the following reaction?

TiCl,() + 2H,0() — TiO,s) + 4HCI(g)

—63kJ mol™
—53kJ mol™’
+53kJ mol™’

+63kJ mol™"

Answer D [1]

10 Which one of the following salts would produce a neutral solution when dissolved

in water?

A ammonium iodide

B lithium chloride

C potassium ethanoate

D sodium carbonate
13616.08RRR

Answer B [1]
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Section B
Answer all six questions in this section

11 (a) The oxidation of nitric oxide (NO) in air is one of the reactions that contributes to
the formation of acid rain.

2NO(g) + O,(g) — 2NOL(9)

Initial rate data for this reaction are shown in the table below.

Experiment / [NO] 3 [O,] -3 Initial r_z;te_1
mol dm /mol dm /mol dm~s
1 0.015 0.015 0.048
2 0.030 0.015 0.192
3 0.015 0.030 0.096
4 0.030 0.030 0.384

(i) State the order of the reaction with respect to NO.

second order [1]

(ii) State the order of the reaction with respect to O,

first order [1]

(iii) Write the rate equation for the reaction.

rate = k[NOJ*[0,] [1]

13616.08RRR
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(iv) Sketch graphs on the axes below to show how the initial rate of this reaction
changes with increasing concentration of the reactants.

rate
rate

[NO] [O,] 2]

(v) Define the term rate constant.

The proportionality constant which links the rate of reaction to

the concentrations of the reactants in the rate equation.

[1]

(vi) Using the results from Experiment 1 in the table, calculate the value of the
rate constant and state its units. Give your answer to 2 significant figures.

rate = k[NOJ?*[0,], so k = rate + [NO]*[0,]

_ 0.043 _ 0,043
(0.015)? x (0.01S) 3.375 x 107¢

=14 222

units = mol dm=3 s = (mol dm=32)? = mol=? dm® s~/

k =14 000 mol™? dm® s (2 s.f)

Answer 14 000 mol=? dm® s [3]

[Turn over
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(b) The formation of nitrogen dioxide from nitric oxide involves an entropy change.
2NO(g) + 0O,g) — 2NOL(9)

The following table gives some entropy values.

Substance $€ /J K~ mol™
NO 210.5
0, 205.2
NO, 240.0

(i) Define the term entropy.

A measure of the disorder (randomness) of a system. [1]

(ii) Calculate the entropy change for this reaction.
AS = 3S(products) — 3S(reactants)

\

2(240.0) - [2(210.5) + 205.2]

480.0 — 626.2 = —146.2 7 K™ mol™

\

Answer -146.2 J K" mol-1[1]

(c) Nitrogen dioxide can react to form dinitrogen tetroxide.
2NO,(g) — N,0,(g) AH® = -57kdmol”!  AS® = -176J K" mol™"

(i) Calculate the value of the free energy change for this reaction at 400K.
State the units.

AG = AH — TAS  (AS = =176 7 K™ mol™ = =0.176 kI K~ mol™)
AG = =57 = (400 x —0.176)

= =57 + 70.4 = +13.9 kJ mol™

Answer +13.9 kI mol™ [2]

13616.08RRR
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(ii) Explain if this reaction is feasible at 400K.

Not feasible, as NG is positive at 400 K (a feasible reaction needs

AG to be zero or negative). [1]

(iii) Calculate the temperature at which AG = 0 for this reaction.
AG =0,s00=AH—-—TAS and T = AH = AS
0 = =57 - 7(-0.176)
T=587=+0176 = 329 K

Answer 324 K [2]

(d) A mixture of nitric oxide and oxygen, in a closed system, can reach equilibrium.
2NO(g) + O,(g) = 2NO,(9)
The value of the equilibrium constant (K_) is 8.54 mol~' dm? at 500 °C.
The equilibrium concentration of NO is 0.42mol dm=3and that of O, is

1.70mol dm3,

(i) Write an expression for K for this equilibrium.

K = [NO,J?
N Y I R
[NOJ*[0,] (]
(i) Calculate the equilibrium concentration of NO,, at 500 °C.
[NO,]? = K. x [NOJ? x [0,]
[NO,]? = 8.5¢ x (0.42)% x 1.70 = 2.56]
[NO,] = +2.56] = 1.60 mol dm™
Answer .60 mol dm™ [2]
[Turn over
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12 Benzaldehyde is an aromatic aldehyde with an almond odour. It can be obtained
from natural sources and is widely used in the preparation of dyes, perfumes
and flavourings.

(a)

13616.08RRR

benzaldehyde

Describe how you would practically carry out the reaction of a solution of
benzaldehyde with Tollens’ reagent and with acidified potassium dichromate(VI)
solution and state all observations which occur. Write an equation for the
oxidation of benzaldehyde and half equations for the reduction of each reagent.

In this question you will be assessed on using your written communication
skills including the use of specialist scientific terms.

Add a few drops of benzaldehyde to about | cm?® of freshly prepared

Tollens' reagent in a clean test tube.

In a second test tube, add a few drops of benzaldehyde to acidified

potassium dichromate(V1) solution.

Warm both test tubes in a hot water bath for a few minutes.

With Tollens' reagent a silver mirror forms on the inside of the test

tube.

With acidified potassium dichromate(VI) the solution changes colour

from orange to green.

Oxidation of benzaldehyde: C4HsCHO + [0] » C4HsCOOH

Reduction of Tollens' reagent: Ag* + e~ = Ag

Reduction of dichromate: Cr,0/7 + |9H* + 6™ —» 2Cr*" + 7H,0 [6]

stemup.co.uk *32ACH1410*
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(b) (i)

Benzaldehyde undergoes an addition reaction with hydrogen cyanide to
form a hydroxynitrile called mandelonitrile. Outline the mechanism for this
reaction. Include an equation for the formation of the nucleophile from
hydrogen cyanide.

HCN = H* + CN™

H+

;0 :0” OH

4 | |

@C EN- —> @—C—CN —> @—C—CN
N ,L j

H

[4]

(ii) The addition of cyanide ions to a carbonyl group is carried out at a

pH of 4 — 5. Suggest why a very low pH is not used.

At a very low pH there are fewer CN™ jons, as the CN™ jons are

protonated to form HCN. [1]

(iii) Explain why the mandelonitrile formed from the reaction in (b)(i) is

13616.08RRR

optically inactive.

A racemic mixture forms: CN™ attacks the planar C=0 equally

from above and below, so both optical isomers form in equal

amounts. They rotate plane-polarised light equally in opposite

directions, so the effects cancel. 2]

[Turn over
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(c)

13616.08RRR

The hydrolysis of mandelonitrile forms mandelic acid C;H;CH(OH)COOQOH. This
is a weak acid with a K, value of 3.88 x 10*mol dm™3.

Excess mandelic acid reacts with sodium hydroxide to form a buffer solution.

(i) Write an equation for the reaction of mandelic acid with sodium hydroxide.

CsHsCH(OH)COOH + NaOH - CiHsCH(OH)COONa + H,0 [1]

(ii) Define the term buffer solution.

A solution which resists changes in pH when small amounts of

acid or alkali are added.

[1]

(iii) Calculate the pH of the buffer formed on mixing 35.0 cm?3 of 0.125mol dm=3
mandelic acid with 15.0cm3 of 0.175mol dm~3 sodium hydroxide solution.
Give your answer to 2 decimal places.

moles mandelic acid = 35.0 x 0125 + 1000 = 4.375 x 1073
moles NaOH = 15.0 x 0.175 = 1000 = 2.62S x 1073
acid remaining = 4.375 x 1072 = 2,625 x 107 = .78 x 1073

salt (CcHsCH(OH)COO0™) formed = 2.625 x 1073

3.88 x 107 x 1.7§ x 1073
2,625 x 1073

= 2587 x 1074

[H] = K, x [acid] <+ [salt] =

pH = —log;s(2.587 x 107%) = 3.59

Answer 3.59 [4]
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13 Phenylethanone is used as a fragrance in perfumes and soaps.

H.C_ O

c”

phenylethanone

It is prepared by the reaction of benzene with ethanoyl chloride in the presence of
an aluminium chloride catalyst.

(@) (i) Outline a mechanism for the acylation of benzene to form phenylethanone.

The mechanism should include equations to show the formation of the
electrophile and the regeneration of the catalyst.

CH3COC! + AlCls > CH3C*0 + Al
0
J

S
o
R

w

Hi¢—C"

//o
N

ACl + HY = AlCl; + HC

(ii) Define the term electrophile.

An ion or molecule that attacks regions of high electron density

[5]

(an electron pair acceptor).

13616.08RRR
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(b)

13616.08RRR

Phenylethanone can be nitrated to form (3-nitrophenyl)ethanone which is a solid
at room temperature.

(i) State the reagents required for this nitration.

concentrated nitric acid

concentrated sulfuric acid [2]

(i) Write an equation for the nitration of phenylethanone to form
(3-nitrophenyl)ethanone.

CH3COCsHs + HNO; —» CH3COCHNO, + H,0 [1]

(iii) Describe how the melting point of a solid sample of
(3-nitrophenyl)ethanone could be determined. State two effects that the
presence of impurities would have on the melting point.

In this question you will be assessed on your written communication
skills including the use of specialist scientific terms.

Crush the solid and place a small amount in a capillary tube

sealed at one end.

Place the tube in a melting point apparatus and heat slowly,

especially close to the melting point.

Record the temperature at which the solid starts to melt and the

temperature at which it has completely melted.

Repeat with a fresh sample and average the temperatures.

Impurities would lower the melting point and the solid would melt

over a broader temperature range. 6]

[Turn over
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(c) Phenylethanone reacts with 2,4-dinitrophenylhydrazine.

(i) Write an equation for the reaction of phenylethanone with
2,4-dinitrophenylhydrazine.

NO,

CHs
O£ + mv—v—pro,
N, I

H

C|H3 NO,
~ @ty
H

[2]

(ii) Calculate the volume of phenylethanone needed to form 5.00g of the
2,4-dinitrophenylhydrazone assuming a 90.0% vyield. The density of
phenylethanone is 1.03g cm=3. Give your answer to 3 significant figures.
M, of 2,4-dinitrophenylhydrazone (Ci4H):Ns0,) = 300
moles of derivative = 5.00 + 300 = 0.0167 mol
at 100% yield would need 0.0167 + 0.900 = 0.018S mol
moles of phenylethanone = 0.018S mol
mass of phenylethanone = 0.0185 x 120 = 2.22 ¢

volume = mass < density = 2.22 + 1.03 = 2.16 em?

Answer 2.16 em? [4]

13616.08RRR
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(d) Ketones react with hydroxylamine to form an oxime as shown by the general
equation below.

R R

1 1

\C:O + NH,OH — \C:N—OH + H,0
R~ R~

2 2

ketone oxime

When 0.8764 g of a ketone was treated with excess hydroxylamine it produced
1.103 g of an oxime. Calculate the relative molecular mass of the ketone.

let M, of ketone = x, so M, of oxime = x + 1S (O replaced by NOH)

moles of ketone = moles of oxime

0.8764 _ 1.103
X x + 15

0.8764(x + 1S) = 1.103x, so 13.146 = 0.2266x

x = 13,146 + 0.2266 = S8

Answer S$¥ [2]

[Turn over
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14 The table shows the names and boiling points of four carboxylic acids with molecular
formula C;H,,O,. They are structural isomers.

Name Boiling point /°C
2,2-dimethylpropanoic acid 164
2-methylbutanoic acid 176
3-methylbutanoic acid 177
pentanoic acid 186

(@) (i) Define the term structural isomers.

Molecules which have the same molecular formula but a different

structural formula. [1]

(ii) Explain the difference in the boiling point of 2,2-dimethylpropanoic acid and
pentanoic acid.

Pentanoic acid is a straight-chain molecule, so its molecules can

pack closely together with more points of contact.

So there are stronger van der Waals forces between pentanoic

acid molecules, which need more energy to overcome. 2]

(b) Pentanoic acid may be formed by the acid catalysed hydrolysis of methyl
pentanoate.

(i) Write the equation for this reversible reaction.

CH;(CHz)chOCHg + H,0 = CH;(CHz)chOH + CH30H [1]

13616.08RRR
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13616.08RRR

(if) A different product is formed if the hydrolysis of methyl pentanoate is carried
out using dilute sodium hydroxide solution. Name the different product
formed and state an advantage of the base catalysed hydrolysis of an ester
rather than acid catalysed hydrolysis.

Sodium pentanoate (and methanol).

Advantage: the base catalysed hydrolysis goes to completion as

the reaction is not reversible, giving a higher yield.

[2]

[Turn over
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(c) 2-methylbutanoic acid can be prepared in a two-step synthesis.

Br OH @]
Step 1 Step 2 /\HKOH
1-bromo-2-methylbutane 2-methylbutan-1-ol 2-methylbutanoic acid

(i) State the name of the reagent and the reaction conditions required to carry
out Step 1 of the synthesis.

Aqueous sodium hydroxide.

Heat under reflux.

[2]

(ii) State the type of reaction occurring in Step 2.

oxidation [1]

(iii) 2-methylbutanoic acid is reduced using excess lithium
tetrahydridoaluminate(lll). Write the equation for this reaction.

CH3CH,CH(CH3)COOH + G[H] —» CH3CH,CH(CH3)CH,0H + H,0 2]

13616.08RRR
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(d)

13616.08RRR

2,2-dimethylpropanoic acid reacts with phosphorus(V) chloride to form the
acyl chloride, pivaloyl chloride. This acyl chloride is used in the manufacture of
insecticides and pesticides.

(i) Write the equation for this reaction.

(CH3)3CCOOH + PCls » (CH3);CCOC] + POC; + HCI (]

(i) State two observations for the reaction between phosphorus(V) chloride and
2,2-dimethylpropanoic acid.

Misty (steamy) fumes are given off.

The solid disappears and the mixture warms up.

[2]

[Turn over
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15 Palm oil is used in many food products and cosmetics.

(@) The fat molecule below is found in palm oil. The fatty acid in this fat is
palmitic acid.

(i) Write an equation for the complete combustion of one mole of this
fat molecule.

CS[HQ306 + 72’/202 - SICOZ + QQH;O [2]

(ii) Explain whether the fat is saturated or unsaturated based on the structure.

Saturated, as the hydrocarbon chains contain no C=C double

bonds . [1 ]

(b) The fat undergoes the reaction below with ethanol. The products are labelled

A and B.
HZC_O _C_ (CH2)14CH3 HZC_OH
1
HC—O—C—(CH,),,CH, + 3CH,CH,OH —> HC—OH + 3CH,CH,0—C— (CH,),,CH,
(@]
H,C—O—C—(CH,),,CH, H,C—OH

A B

13616.08RRR

stemup.co.uk *32ACH1422*


https://stemup.co.uk

(i) State the IUPAC name for product A.

propane-1,2,3-triol [1]

) ) (ii) Name the process occurring in this reaction.
; g transesterification 1]
CE
2T (iii) State one use for product B.
= as a biodiesel (fuel) 1
- [1]
) (iv) The IUPAC name for palmitic acid is hexadecanoic acid. State the IUPAC
e name for product B.

ethyl hexadecanoate [1]

) (v) Calculate the mass of product B produced when 1259 of the fat reacts with
= 30.0g of ethanol.

moles of fat = 125 + 806 = 0.15S mol

moles of ethanol = 30.0 + 46 = 0.652 mol

3 x 055 = 0.96S mol ethanol needed, so ethanol is in excess
& moles of B = 3 x 0.1SS = 0.96S mol

M, of B (Ci3H350,) = 284

mass of B = 0.965 x 284 = 132.] ¢

Answer 132.] g [4]

e [Turn over
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(c) Asecond fat found in palm oil is shown below. This fat may be catalytically
hydrogenated.

HZC—O—Q/\/\/\/\:/E/\/V

(i) Name the catalyst used in catalytic hydrogenation.

finely divided nickel [1]
(ii) Explain why fats such as this are hydrogenated.
To raise the melting point so the liguid oil becomes a solid fat:
hydrogen adds across the C=C bonds, making the fat saturated.
[1]

13616.08RRR
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16 Lithium tetrahydridoaluminate(lll) may be prepared by the reaction of lithium hydride
with aluminium hydride.

(a) Write an equation for this reaction.

LiH + AlH; - LiAlH, [1]

(b) The incomplete Born—Haber cycle diagram below is for lithium hydride.

Lit(g) + H(g) + e

Li*(g) + e + YoH,(g)

LitCg) + H (g)

v

Lig) + YoH,(g)

Li(s) + %H,(g)

LiH(s)

(i) Complete the diagram. [5]

13616.08RRR
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(ii) Using the values in the table below, calculate the bond enthalpy of hydrogen.

Enthalpy change AH® /kJ mol-1
Enthalpy of formation of lithium hydride -91
Enthalpy of atomisation of lithium +159
First ionisation energy of lithium +520
First electron affinity of hydrogen —72
Lattice enthalpy of lithium hydride +916

AHy = AH,(Li) + 1ECLI) + BBDE(H,) + EA(H) — lattice enthalpy
—-9) = (+159) + (+520) + BBDE + (-72) - (+916)
BDE = —9] — 1S9 — 520 + 72 + 416 = +2I8

BDE(H,) = 2 x 218 = +436 kI mol™

Answer +436 kdmol1[3]

[Turn over
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(c) Lithium hydride reacts vigorously with water producing lithium hydroxide and

hydrogen gas. The equation for the reaction is:
LIH + HO — LOH + H,
The reaction is an acid-base reaction.

(i) Write an ionic equation for this reaction.

H + H,0 - OH + H, [1]

(ii) State and explain the role of water in the reaction in terms of the Brgnsted—
Lowry theory of acids and bases.

Water acts as an acid, as it donates a proton (H*) to the

hydride ion, H™, which acts as a base.

[2]

THIS IS THE END OF THE QUESTION PAPER
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General Information

1tonne=10°g
1 metre = 10°nm

One mole of any gas at 293K and a pressure of 1 atmosphere (10°Pa) occupies a volume of 24 dm?

Avogadro Constant = 6.02 x 10?* mol™
Planck Constant = 6.63 x 10734 Js

Specific Heat Capacity of water = 4.2 J g1 K™
Speed of Light =3 x 108 ms™

Characteristic absorptions in IR spectroscopy

Wavenumber/cm™ Bond
550-850 C-X (X = Cl, Br, 1)
750-1100 c-C
1000-1300 c-O
1450-1650 C=C
1600-1700 C=C
1650-1800 c=0
2200-2300 C=N
2500-3200 O-H
2750-2850 C-H
2850-3000 C-H
3200-3600 O-H
3300-3500 N-H

Compound

Haloalkanes

Alkanes, alkyl groups

Alcohols, esters, carboxylic acids
Arenes

Alkenes

Carboxylic acids, esters, aldehydes,
ketones, amides, acyl chlorides
Nitriles

Carboxylic acids

Aldehydes

Alkanes, alkyl groups, alkenes, arenes
Alcohols

Amines, amides

Proton Chemical Shifts in Nuclear Magnetic Resonance Spectroscopy

(relative to TMS)

Chemical Shift Structure
0.5-2.0 —CH
0.5-5.5 —OH
1.0-3.0 —NH
2.0-3.0 —CO—-CH
—N-CH
C,H.—CH
2.0-4.0 X—CH
4.5-6.0 —C=CH
5.5-8.5 RCONH
6.0-8.0 —-CH,
9.0-10.0 —CHO
10.0-12.0 —COOH

Saturated alkanes
Alcohols

Amines

Ketones

Amines

Arene (aliphatic on ring)
X =Cl or Br (3.0-4.0)
X=1(2.0-3.0)
Alkenes

Amides

Arenes (on ring)
Aldehydes
Carboxylic acids

These chemical shifts are concentration and temperature dependent and may be outside

the ranges indicated above.
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THE PERIODIC TABLE OF ELEMENTS

vV V Vi

VI

0

Group
1 2 3 4 5 6 7/ 8 9 10 11 12 13 14 15 16 17 18
1 4
H He
Hydrogen Helium
7 9 11 12 14 16 19 20
Li | Be B|C|N|O|F |Ne
Lithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
3 4 5 6 9 10
23 24 27 28 31 32 35.5 40
Na | Mg Al | Si| P | S |Cl|Ar
Sodium | Magnesium Aluminium Silicon Phosphorus Sulfur Chlorine Argon
11 12 13 14 15 18
39 40 45 48 51 52 55 56 59 59 64 65 70 73 75 79 80 84
K|Ca|Sc|Ti |V |Cr Mn Fe |Co|Ni |Cu|Zn |Ga|Ge|As | Se | Br | Kr
1P09tassium Calcium Scandium | Titanium | Vanadium | Chromium gl%nganese Iron Cobalt Nickel Copper Zinc Gallium | Germanium| Arsenic Selenium 335romine Krypton
85 88 89 91 93 96 98 101 103 106 108 112 115 119 122 128 127 131
Rb|Sr| Y |Zr [Nb Mo|Tc | Ru|{Rh |Pd|Ag|Cd|In |Sn|Sb|Te | I | Xe
Rubidium | Strontium Yttrium Zirconium | Niobium |Molybdenum| Technetium | Ruthenium | Rhodium | Palladium Silver Cadmium Indium Tin Antimony | Tellurium lodine Xenon
37 38 39 40 41 43 44 45 46 48 49 50 51 52 53 54
133 137 139 . 178 181 184 186 190 192 195 197 201 204 207 209 210 210 222
Cs/Ba|La|Hf Ta| W Re|Os|Ir | Pt |Au|Hg| Tl |Pb| Bi | Po | At |Rn
Caesium Barium Lanthanum | Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
55 56 57 72 73 74 75 76 77 78 79 81 82 83 84 85 86
223 226 227 _r261 262 266 264 277 268 271 272 285
Fr |[Ra|Ac’| Rf [ Db|Sg |Bh|Hs | Mt | Ds | Rg |Cn
Francium Radium Actinium [Rutherfordium| Dubnium |Seaborgium| Bohrium Hassium | Meitnerium |Darmstadtium|Roentgenium|Copernicium
87 88 89 104 105 106 107 108 109 110 111 112
140 141 144 145 150 152 157 159 162 165 167 169 173 175
+58-71 Lanthanumseries | C@ | Pr | Nd |[Pm|{Sm| Eu |Gd | Tb Dy |Ho | Er | Tm|Yb | Lu
-I- 90 - 103 Actinium series Cerium  |Praseodymium|Neodymium [Promethium| Samarium | Europium | Gadolinium | Terbium |Dysprosium| Holmium Erbium Thulium Ytterbium | Lutetium
_ _ 58 59 60 61 62 63 64 65 66 67 68 69 70 71
= 4= {aeé)ag;\éi)atomlc mass 232 [231  [238 237 [242 [243 [247 245 [251 [254 [253 [256  [254  [257
X | x = atomic symbol Th|{Pa| U |Np|Pu|/Am|Cm|Bk | Cf | Es [Fm|Md|No | Lr
b — atomic number 9il')horium Pgritactinium 9;ranium ggptunium 9P4I.utonium 9Aénericium 96Curium 9B7erkelium 9Cglifornium Sigsteinium 1E)e(r)mium 'l\ﬁ)n‘?elevium 1l\(l)ozbelium Iiea(\)/v:;encium
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