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Answer all the questions in the spaces provided.

1� �7KH�UDWH�RI�FKHPLFDO�UHDFWLRQV�LV�DႇHFWHG�E\�FKDQJHV�LQ�WHPSHUDWXUH�DQG�SUHVVXUH�

(a) (i)� �'UDZ�D�FXUYH�RQ�WKH�D[HV�WR�VKRZ�WKH�%ROW]PDQQ�GLVWULEXWLRQ�RI�HQHUJ\�RI�SDUWLFOHV�LQ�D�
VDPSOH�RI�JDVHRXV�NU\SWRQ�DWRPV�DW�D�JLYHQ�WHPSHUDWXUH�

�/DEHO�WKH�FXUYH�T1�DQG�ODEHO�WKH�D[HV�

[2]

(ii)� �2Q�WKH�GLDJUDP�LQ�(a)(i)��GUDZ�D�VHFRQG�FXUYH�WR�VKRZ�WKH�GLVWULEXWLRQ�RI�HQHUJLHV�RI�WKH�
NU\SWRQ�DWRPV�DW�D�KLJKHU�WHPSHUDWXUH�

�/DEHO�WKH�VHFRQG�FXUYH�T2. [1]

(b)� �7KH�%ROW]PDQQ�GLVWULEXWLRQ�DVVXPHV�WKDW�WKH�SDUWLFOHV�EHKDYH�DV�DQ�LGHDO�JDV�

(i) State two�DVVXPSWLRQV�RI�WKH�NLQHWLF�WKHRU\�DV�DSSOLHG�WR�DQ�LGHDO�JDV�

1  ..........................................................................................................................................

 .............................................................................................................................................

2  ..........................................................................................................................................

 .............................................................................................................................................
[2]

(ii)� ������J�RI�NU\SWRQ�JDV��.U�J���LV�SODFHG�LQ�D�VHDOHG������GP3 container at 120 °C.

�&DOFXODWH�WKH�SUHVVXUH��LQ�3D��RI�.U�J��LQ�WKH�FRQWDLQHU�
�$VVXPH�.U�J��EHKDYHV�DV�DQ�LGHDO�JDV�

�6KRZ�\RXU�ZRUNLQJ�

pressure = ........................................ Pa  [3]
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(iii)� �6WDWH�DQG�H[SODLQ�WKH�FRQGLWLRQV�DW�ZKLFK�NU\SWRQ�EHKDYHV�PRVW�OLNH�DQ�LGHDO�JDV�

 .............................................................................................................................................

 .............................................................................................................................................

 .............................................................................................................................................

 .......................................................................................................................................  [2]

(c)� �.U\SWRQ� UHDFWV� ZLWK� ÀXRULQH� LQ� WKH� SUHVHQFH� RI� XOWUDYLROHW� OLJKW� WR�PDNH� NU\SWRQ� GLÀXRULGH��
.U)2�J��

.U�J������)2�J���→��.U)2�J�

�DFWLYDWLRQ�HQHUJ\�IRU�WKH�UHDFWLRQ��Ea� ������N-�PRO–1

�HQWKDOS\�FKDQJH�RI�IRUPDWLRQ�RI�.U)2, ∆Hf� �������N-�PRO–1

(i)� �8VH� WKLV� LQIRUPDWLRQ� WR�FRPSOHWH� WKH� UHDFWLRQ�SUR¿OH�GLDJUDP� IRU� WKH� IRUPDWLRQ�RI�.U)2.
/DEHO�Ea and ∆Hf�RQ�WKH�GLDJUDP�

 Assume the reaction proceeds in one step.

energy
/ kJmol–1

progress of reaction

reactants

[2]

(ii)� �([SODLQ��LQ�WHUPV�RI�DFWLYDWLRQ�HQHUJ\��Ea, and the collision of particles, how an increase in 
WHPSHUDWXUH�DႇHFWV�WKH�UDWH�RI�D�FKHPLFDO�UHDFWLRQ�

 .............................................................................................................................................

 .............................................................................................................................................

 .............................................................................................................................................

 .......................................................................................................................................  [2]

[Total: 14]
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2 Chlorine, Cl 2��LV�D�UHDFWLYH�\HOORZ�JUHHQ�JDV��,W�LV�D�VWURQJ�R[LGLVLQJ�DJHQW�

(a)  State how Cl 2�LV�XVHG�LQ�ZDWHU�SXUL¿FDWLRQ�

  ....................................................................................................................................................

  ..............................................................................................................................................  [1]

(b)� �&KORULQH�KDV�WKH�KLJKHVW�¿UVW�LRQLVDWLRQ�HQHUJ\�RI�WKH�3HULRG���HOHPHQWV�1D�WR�&l.

(i)� �&RQVWUXFW�DQ�HTXDWLRQ�IRU�WKH�¿UVW�LRQLVDWLRQ�HQHUJ\�RI�FKORULQH�

�,QFOXGH�VWDWH�V\PEROV�

 .......................................................................................................................................  [1]

(ii)� �([SODLQ�WKH�JHQHUDO�LQFUHDVH�LQ�WKH�¿UVW�LRQLVDWLRQ�HQHUJLHV�RI�WKH�3HULRG���HOHPHQWV�

 .............................................................................................................................................

 .............................................................................................................................................

 .............................................................................................................................................

 .......................................................................................................................................  [2]
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(c)  The halide ions, X–� �ZKHUH�;� �&l, Br, I���VKRZ�FOHDU� WUHQGV� LQ� WKHLU�SK\VLFDO�DQG�FKHPLFDO�
properties.

(i)� �6WDWH�DQG�H[SODLQ�WKH�UHODWLYH�WKHUPDO�VWDELOLWLHV�RI�WKH�K\GURJHQ�KDOLGHV��+;�

 .............................................................................................................................................

 .............................................................................................................................................

 .......................................................................................................................................  [2]

� �7KH�KDOLGH�LRQV�UHDFW�HDVLO\�ZLWK�FRQFHQWUDWHG�+2SO4.

� �7KH�PDLQ�VXOIXU�FRQWDLQLQJ�SURGXFW�RI�HDFK�UHDFWLRQ�LV�VKRZQ�LQ�WKH�WDEOH�

halide ion Cl – Br – I–

PDLQ�VXOIXU�FRQWDLQLQJ�SURGXFW�RI
UHDFWLRQ�ZLWK�FRQFHQWUDWHG�+2SO4

+624
– SO2 +2S

R[LGDWLRQ�QXPEHU�RI�VXOIXU

(ii)� �&RPSOHWH�WKH�WDEOH�WR�VKRZ�WKH�R[LGDWLRQ�QXPEHU�RI�VXOIXU�LQ�HDFK�RI�WKH�VXOIXU�FRQWDLQLQJ�
products. [1]

(iii)� �([SODLQ�ZK\�GLႇHUHQW�VXOIXU�FRQWDLQLQJ�SURGXFWV�DUH�SURGXFHG�ZKHQ�HDFK�RI�WKHVH�KDOLGH�
LRQV�UHDFWV�ZLWK�FRQFHQWUDWHG�+2SO4.

 .............................................................................................................................................

 .......................................................................................................................................  [1]

(d) Cl 2�UHDFWV�ZLWK�DTXHRXV�VRGLXP�K\GUR[LGH�LQ�D�GLVSURSRUWLRQDWLRQ�UHDFWLRQ�

(i)� �6WDWH�ZKDW�LV�PHDQW�E\�disproportionation.

 .............................................................................................................................................

 .......................................................................................................................................  [1]

(ii) Write an equation for the reaction of Cl 2�ZLWK�FROG�DTXHRXV�VRGLXP�K\GUR[LGH�

 .......................................................................................................................................  [1]
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(e)  Aluminium reacts with chlorine to form aluminium chloride.

� �$OXPLQLXP� FKORULGH� FDQ� H[LVW� DV� WKH� JDVHRXV� PROHFXOH�$l 2Cl ��J��� 7KLV� PROHFXOH� FRQWDLQV�
FRRUGLQDWH�ERQGV�

(i)� �'UDZ�D�GLDJUDP�WKDW�FOHDUO\�VKRZV�DOO�WKH�W\SHV�RI�ERQG�SUHVHQW�LQ�$l 2Cl ��J��

[2]

(ii)� �'HVFULEH�ZKDW�\RX�ZRXOG�VHH�ZKHQ�VROLG�DOXPLQLXP�FKORULGH�UHDFWV�ZLWK�ZDWHU�

�1DPH�WKH�W\SH�RI�UHDFWLRQ�WKDW�RFFXUV�

 .............................................................................................................................................

 .............................................................................................................................................

 .......................................................................................................................................  [2]

(f) 0.020 mol of element Z reacts with excess Cl 2 to form 0.020 mol of a liquid chloride.

  The liquid chloride has formula ZCl n, where n�LV�DQ�LQWHJHU�

  ZCl n�UHDFWV�YLJRURXVO\�ZLWK�ZDWHU�DW�URRP�WHPSHUDWXUH�WR�JLYH�DQ�DFLGLF�VROXWLRQ�DQG�D�ZKLWH�
solid.

� �:KHQ�H[FHVV�$J123�DT��LV�DGGHG�WR�WKH�VROXWLRQ��������J�RI�$J&l �V��IRUPV�

(i)� �6XJJHVW�WKH�W\SH�RI�ERQGLQJ�DQG�VWUXFWXUH�VKRZQ�E\�ZCl n.

 .......................................................................................................................................  [1]

(ii) Calculate the value of n in ZCl n.

n = ..............................  [2]
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(g)� �'LFKORURPHWKDQH��&+2Cl 2��LV�ZLGHO\�XVHG�DV�DQ�RUJDQLF�VROYHQW�

� �&+2Cl 2�FDQ�EH�SUHSDUHG�E\�UHDFWLQJ�&+3Cl and Cl 2 at room temperature.

  The reaction proceeds via several steps, as shown.

initiation
Cl 2  2Cl •

SURSDJDWLRQ��
Cl •�����&+3Cl � +&l�����•&+2Cl

SURSDJDWLRQ��
Cl 2�����•&+2Cl  products

¿QDO�VWHS
Cl •�����•&+2Cl � &+2Cl 2

(i) Give the name of the mechanism of this reaction.

 .......................................................................................................................................  [1]

(ii)� �6WDWH�WKH�HVVHQWLDO�FRQGLWLRQ�UHTXLUHG�IRU�WKH�LQLWLDWLRQ�VWHS�WR�WDNH�SODFH�

 .......................................................................................................................................  [1]

(iii)� �*LYH�WKH�HOHFWURQLF�FRQ¿JXUDWLRQ�RI�&l •.

1s2  .................................................................................................................................  [1]

(iv)� �,GHQWLI\�WKH�SURGXFWV�RI�WKH�VWHS�ODEHOOHG�SURSDJDWLRQ���

 .......................................................................................................................................  [1]

(v)� �1DPH�WKH�W\SH�RI�UHDFWLRQ�VKRZQ�LQ�WKH�¿QDO�VWHS�

 .......................................................................................................................................  [1]

(vi)� �6XJJHVW�WKH�LGHQWLW\�RI�DQRWKHU�RUJDQLF�PROHFXOH�WKDW�LV�D�SURGXFW�RI�WKH�UHDFWLRQ�RI�&+3Cl
and Cl 2 under the same conditions.

 .......................................................................................................................................  [1]

[Total: 23] 
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3 Compounds P, Q and R�KDYH�DOO�EHHQ�IRXQG�LQ�WKH�DWPRVSKHUH�RI�RQH�RI�6DWXUQ¶V�PRRQV�

P

C CN C C N

Q

C CH C N C

H

H

H

C

N

C

R

(a)� �7KH�HTXDWLRQ�IRU�WKH�FRPSOHWH�FRPEXVWLRQ�RI�P, C412�O���LV�VKRZQ�

C412�O�������22�J���→  4CO2�J������12�J�� ∆H� �±�����N-�PRO–1

(i)� �7KH�HQWKDOS\�FKDQJH�RI�IRUPDWLRQ��∆Hf, of CO2�J��LV�±����N-�PRO–1.

�&DOFXODWH�WKH�HQWKDOS\�FKDQJH�RI�IRUPDWLRQ��∆Hf, of P��LQ�N-�PRO–1.

∆Hf of P� �������������������������������N-�PRO–1  [2]

(ii)� �2QH�RI�WKH�SURGXFWV�RI�WKH�FRPSOHWH�FRPEXVWLRQ�RI�P�LV�QLWURJHQ�JDV��12�J��

�([SODLQ�WKH�ODFN�RI�UHDFWLYLW\�RI�QLWURJHQ�

 .......................................................................................................................................  [1]
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(b) Q�IRUPV�ZKHQ�+&1�UHDFWV�ZLWK�HWK\QH��+ C C +�

(i)� �(WK\QH��+&1�DQG�Q�DUH�DOO�ZHDN�%U¡QVWHG±/RZU\�DFLGV�

�([SODLQ�ZKDW�LV�PHDQW�E\�WKH�WHUP�weak Brønsted–Lowry acid.

 .............................................................................................................................................

 .............................................................................................................................................

 .......................................................................................................................................  [2]

(ii)� �(WK\QH��+&1�DQG�Q�DOO�FRQWDLQ�WULSOH�ERQGV�EHWZHHQ�WZR�DWRPV�

�$�WULSOH�ERQG�FRQVLVWV�RI�RQH�VLJPD��σ��DQG�WZR�SL��π��ERQGV�

�'UDZ�D�ODEHOOHG�GLDJUDP�WR�VKRZ�WKH�IRUPDWLRQ�RI�RQH�SL��π��ERQG�

[2]

(c)  P and Q�FDQ�EH�GHWHFWHG�LQ�WKH�DWPRVSKHUH�E\�LQIUDUHG�VSHFWURVFRS\�

� �,GHQWLI\�two�DEVRUSWLRQV��DQG�WKH�ERQGV�WKDW�FRUUHVSRQG�WR�WKHVH�DEVRUSWLRQV��WKDW�ZLOO�DSSHDU�
LQ�WKH�LQIUDUHG�VSHFWUD�RI�ERWK�P and Q.

 1  .................................................................................................................................................

  ....................................................................................................................................................

 2  .................................................................................................................................................

  ....................................................................................................................................................
[2]
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(d)� �7KH�ÀRZ�FKDUW�VKRZV�VRPH�UHDFWLRQV�RI�R.

C

H

H

H

reaction 1
C

N

C

R

T
CH3CH2CH2NH2

C C S

H

H

H

C

N

reaction 3 H2(g)

reaction 2

dilute H2SO4(aq)
heat under reflux

(i)� �1DPH�WKH�W\SH�RI�UHDFWLRQ�VKRZQ�LQ�UHDFWLRQ���

 .......................................................................................................................................  [1]

(ii) Draw the structure of S��WKH�RUJDQLF�SURGXFW�RI�UHDFWLRQ���

[1]

(iii)� �1DPH�T.

 .......................................................................................................................................  [1]

(iv) T�FDQ�DOVR�EH�IRUPHG�E\�WKH�UHDFWLRQ�RI�&+3&+2&+2Br with ammonia.

�6WDWH�WKH�QHFHVVDU\�FRQGLWLRQV�RI�WKLV�UHDFWLRQ�

 .......................................................................................................................................  [1]

[Total: 13]
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4� �+\GUR[\HWKDQDO��+2&+2&+2��KDV�EHHQ�REVHUYHG�LQ�GXVW�FORXGV�QHDU�WKH�FHQWUH�RI�RXU�JDOD[\�

hydroxyethanal

CHO C

O

HH

H

(a)� �3UHGLFW�WKH�ERQG�DQJOHV�ODEHOOHG�x and y�LQ�WKH�GLDJUDP�RI�K\GUR[\HWKDQDO�

CHO C

O

HH

H
x

y

x = ..............................°

y = ..............................°
[2]

(b)� �+\GUR[\HWKDQDO�UHDFWV�VHSDUDWHO\�ZLWK�����GLQLWURSKHQ\OK\GUD]LQH������'13+��DQG�ZLWK�7ROOHQV¶�
UHDJHQW�

� �6WDWH�ZKDW�\RX�ZRXOG�REVHUYH�LQ�HDFK�UHDFWLRQ�

� �UHDFWLRQ�ZLWK�����'13+� .............................................................................................................

� �UHDFWLRQ�ZLWK�7ROOHQV¶�UHDJHQW� ....................................................................................................
[2]

(c)� �+\GUR[\HWKDQDO�LV�FRQYHUWHG�WR�HWKDQHGLRLF�DFLG���&22+�2��ZKHQ�LW�UHDFWV�ZLWK�H[FHVV�DFLGL¿HG�
GLFKURPDWH�VI��LRQV��&U2O7

2–.

(i)� �6WDWH�WKH�UROH�RI�DFLGL¿HG�&U2O7
2– in this reaction.

 .......................................................................................................................................  [1]

(ii)� �6WDWH�DQG�H[SODLQ�DQ\�RWKHU�QHFHVVDU\�FRQGLWLRQV�IRU�WKLV�UHDFWLRQ�WR�EH�VXFFHVVIXO�

 .............................................................................................................................................

 .............................................................................................................................................

 .......................................................................................................................................  [2]
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Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every
UHDVRQDEOH�HႇRUW�KDV�EHHQ�PDGH�E\�WKH�SXEOLVKHU��8&/(6��WR�WUDFH�FRS\ULJKW�KROGHUV��EXW�LI�DQ\�LWHPV�UHTXLULQJ�FOHDUDQFH�KDYH�XQZLWWLQJO\�EHHQ�LQFOXGHG��WKH
publisher will be pleased to make amends at the earliest possible opportunity.

7R� DYRLG� WKH� LVVXH� RI� GLVFORVXUH� RI� DQVZHU�UHODWHG� LQIRUPDWLRQ� WR� FDQGLGDWHV�� DOO� FRS\ULJKW� DFNQRZOHGJHPHQWV� DUH� UHSURGXFHG� RQOLQH� LQ� WKH� &DPEULGJH
$VVHVVPHQW�,QWHUQDWLRQDO�(GXFDWLRQ�&RS\ULJKW�$FNQRZOHGJHPHQWV�%RRNOHW��7KLV�LV�SURGXFHG�IRU�HDFK�VHULHV�RI�H[DPLQDWLRQV�DQG�LV�IUHHO\�DYDLODEOH�WR�GRZQORDG
DW�ZZZ�FDPEULGJHLQWHUQDWLRQDO�RUJ�DIWHU�WKH�OLYH�H[DPLQDWLRQ�VHULHV�

&DPEULGJH�$VVHVVPHQW� ,QWHUQDWLRQDO�(GXFDWLRQ� LV�SDUW�RI� WKH�&DPEULGJH�$VVHVVPHQW�*URXS��&DPEULGJH�$VVHVVPHQW� LV� WKH�EUDQG�QDPH�RI� WKH�8QLYHUVLW\�RI
&DPEULGJH�/RFDO�([DPLQDWLRQV�6\QGLFDWH��8&/(6���ZKLFK�LWVHOI�LV�D�GHSDUWPHQW�RI�WKH�8QLYHUVLW\�RI�&DPEULGJH�

(d)� �+\GUR[\HWKDQDO�FDQ�EH�UHGXFHG�WR�HWKDQH�����GLRO���&+22+�2, as shown.

hydroxyethanal

CHO C

O
[H]

HH

H

ethane-1,2-diol

CHO C OH

H

H

H

H

(i)� �:ULWH�DQ�HTXDWLRQ�IRU�WKH�UHGXFWLRQ�RI�K\GUR[\HWKDQDO�WR��&+22+�2.

�8VH�>+@�WR�UHSUHVHQW�DQ�DWRP�RI�K\GURJHQ�IURP�WKH�UHGXFLQJ�DJHQW�

 .......................................................................................................................................  [1]

(ii)� �,GHQWLI\�D�UHDJHQW�IRU�WKLV�UHGXFWLRQ�UHDFWLRQ�

 .......................................................................................................................................  [1]

(iii)� ��&+22+�2�DOVR�IRUPV�ZKHQ�DQ�DONHQH�A�UHDFWV�ZLWK�FROG��GLOXWH��DFLGL¿HG�PDQJDQDWH�VII��
ions.

�1DPH�A.

 .......................................................................................................................................  [1]

[Total: 10]

PMTPMT




