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Answer all the questions in the spaces provided.

1� �7KH�JUDSK�VKRZV�WKH�¿UVW�LRQLVDWLRQ�HQHUJLHV�RI�VRPH�RI�WKH�HOHPHQWV�LQ�*URXS���

1000
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400

first ionisation
energy / kJmol–1

Group 2 element
Be Mg Ca Sr Ba

(a)� �:ULWH�DQ�HTXDWLRQ�IRU�WKH�¿UVW�LRQLVDWLRQ�HQHUJ\�RI�0J�

� �,QFOXGH�VWDWH�V\PEROV�

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

(b)� �([SODLQ�WKH�REVHUYHG�WUHQG�LQ�¿UVW�LRQLVDWLRQ�HQHUJLHV�GRZQ�*URXS���

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

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

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

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

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

  ..............................................................................................................................................  [3]

(c)� �7KH�VHFRQG�LRQLVDWLRQ�HQHUJ\�RI�%H�LV������N-�PRO–1.

� �([SODLQ�ZK\�WKH�VHFRQG�LRQLVDWLRQ�HQHUJ\�RI�%H�LV�KLJKHU�WKDQ�WKH�¿UVW�LRQLVDWLRQ�HQHUJ\�RI�%H�

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

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

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

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

  ..............................................................................................................................................��>�@

>7RWDO���@
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2� �3KRVSKRUXV��VXOIXU�DQG�FKORULQH�FDQ�DOO�UHDFW�ZLWK�R[\JHQ�WR�IRUP�R[LGHV�

(a)� �3KRVSKRUXV�UHDFWV�ZLWK�DQ�H[FHVV�RI�R[\JHQ�WR�IRUP�SKRVSKRUXV�V) oxide.

(i)� �:ULWH�DQ�HTXDWLRQ�WR�VKRZ�WKH�UHDFWLRQ RI�SKRVSKRUXV�ZLWK�H[FHVV�R[\JHQ�

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

(ii)� �'HVFULEH�WKH�UHDFWLRQ�RI�SKRVSKRUXV�V) oxide with water.

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

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

 .......................................................................................................................................��>�@

(iii)� �6WDWH�WKH�VWUXFWXUH�DQG�ERQGLQJ�RI�VROLG�SKRVSKRUXV�V) oxide.

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

(b)� �7KH�WZR�PRVW�FRPPRQ�R[LGHV�RI�VXOIXU�DUH�62��DQG�623.

� �:KHQ� 62�� GLVVROYHV� LQ� ZDWHU�� D� VPDOO� SURSRUWLRQ� RI� LW� UHDFWV� ZLWK� ZDWHU� WR� IRUP� D� ZHDN�
%U¡QVWHG�/RZU\�DFLG�

(i)� �([SODLQ�WKH�PHDQLQJ�RI�WKH�WHUP�weak Brønsted-Lowry acid.

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

 .......................................................................................................................................��>�@

(ii)� �:ULWH�WKH�HTXDWLRQ�IRU�WKH�UHDFWLRQ�RI�62� with water.

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

(iii)� �62��UHDFWV�ZLWK�12��LQ�WKH�DWPRVSKHUH�WR�IRUP�623�DQG�12�

�12�LV�WKHQ�R[LGLVHG�LQ�DLU�WR�IRUP�12�.

62������12� →��623�����12

�12�����2� →���12�

�6WDWH�WKH�UROH�RI�12��LQ�WKLV�WZR�VWDJH�SURFHVV�

 .......................................................................................................................................  [1]
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(c)� �(PLVVLRQV� RI� 62�� IURP� FRDO�¿UHG� SRZHU� VWDWLRQV� FDQ� EH� UHGXFHG� E\� PL[LQJ� WKH� FRDO� ZLWK�
SRZGHUHG�OLPHVWRQH�

� �/LPHVWRQH�LV�KHDWHG�WR�IRUP�&D2�LQ�UHDFWLRQ����7KLV�WKHQ�UHDFWV�ZLWK�62��DQG�2��WR�IRUP�&D624
LQ�UHDFWLRQ���

UHDFWLRQ���� &D&23�V���→��&D2�V������&2��V�

UHDFWLRQ���� &D2�V������62��J������
1
22��J���→��&D624�V�

(i)� �6WDWH�WKH�W\SH�RI�UHDFWLRQ�RFFXUULQJ�LQ�UHDFWLRQ���

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

(ii)� �8VH�WKH�GDWD�WR�FDOFXODWH�WKH�HQWKDOS\�FKDQJH�RI�UHDFWLRQ���

FRPSRXQG ∆HI���N-�PRO–1

&D2�V� ±���

62��J� ±���

&D624�V� –1434

HQWKDOS\�FKDQJH�RI�UHDFWLRQ��� ��������������������������������N-�PRO–1��>�@
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(d)� �&KORULQH�IRUPV�VHYHUDO�R[LGHV��LQFOXGLQJ�&l �2��&l�2��DQG�&l �2�.

(i)� �'UDZ�D�µGRW�DQG�FURVV¶�GLDJUDP�RI�&l �2��6KRZ�RXWHU�VKHOO�HOHFWURQV�RQO\�

[1]

(ii)� �&l�2��FDQ�EH�SUHSDUHG�E\�UHDFWLQJ�1D&l�2��ZLWK�&l �.

�:ULWH�WKH�R[LGDWLRQ�VWDWH�RI�FKORULQH�LQ�HDFK�VSHFLHV�LQ�WKH�ER[HV�SURYLGHG�

�1D&l�2������&l � →���&l�2�������1D&l

� R[LGDWLRQ�VWDWH�RI�FKORULQH�� +3
[1]

(iii)� �&l �2��J��LV�SURGXFHG�E\�WKH�UHDFWLRQ�RI�&l�2��J��ZLWK�23�J��

�&l�2��J�������23�J��� ��&l �2��J�������2��J�� ∆H� �±����N-�PRO–1

�7KH�UHDFWLRQ�WDNHV�SODFH�DW�����.�DQG�����N3D�

�6WDWH�DQG�H[SODLQ�WKH�HႇHFW�RQ�WKH�\LHOG�RI�&l �2��J��ZKHQ�WKH�H[SHULPHQW�LV�FDUULHG�RXW�

● �DW������.�DQG�����N3D

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

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

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

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

● �DW�����.�DQG�����N3D�

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

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

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

 .............................................................................................................................................
[4]
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(e)� �(OHPHQW�E�LV�D�3HULRG���HOHPHQW�

  E�UHDFWV�ZLWK�R[\JHQ�WR�IRUP�DQ�LQVROXEOH�ZKLWH�R[LGH�WKDW�KDV�D�PHOWLQJ�SRLQW�RI������°&��7KH�
R[LGH�RI�E�FRQGXFWV�HOHFWULFLW\�RQO\�ZKHQ�OLTXLG�

  E�DOVR�UHDFWV�UHDGLO\�ZLWK�&l ��J��WR�IRUP�D�ZKLWH�VROLG�WKDW�UHDFWV�H[RWKHUPLFDOO\�ZLWK�ZDWHU��7KH�
UHVXOWLQJ�VROXWLRQ�UHDFWV�ZLWK�DTXHRXV�VLOYHU�QLWUDWH�WR�IRUP�D�ZKLWH�SUHFLSLWDWH�WKDW�GLVVROYHV�LQ�
GLOXWH�DPPRQLD�

(i)� �6XJJHVW�WKH�W\SH�RI�ERQGLQJ�VKRZQ�E\�WKH�oxide�RI�E��([SODLQ�\RXU�DQVZHU�

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

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

 .......................................................................................................................................��>�@

(ii)� �6XJJHVW�WKH�W\SH�RI�ERQGLQJ�VKRZQ�E\�WKH�chloride�RI�E��([SODLQ�\RXU�DQVZHU�

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

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

 .......................................................................................................................................��>�@

>7RWDO����@
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Question 3 starts on the next page.
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3� �7KH�UHGXFLQJ�DJHQW�/L$l H4�FDQ�EH�V\QWKHVLVHG�E\�UHDFWLQJ�DOXPLQLXP�FKORULGH�ZLWK�OLWKLXP�K\GULGH��
/L+�

(a) (i)� �$W�����°&��DOXPLQLXP�FKORULGH�H[LVWV�DV�$l �&l ��J��

�'UDZ�WKH�VWUXFWXUH�RI�$l �&l ��J���VKRZLQJ�IXOO\�DQ\�FRRUGLQDWH��GDWLYH�FRYDOHQW��ERQGV�LQ�
WKH�PROHFXOH�

>�@

(ii)� �$W������°&��DOXPLQLXP�FKORULGH�H[LVWV�DV�$l�&l 3�J��

�6WDWH�WKH�ERQG�DQJOH�LQ�$l�&l 3�J��

.............................. °  [1]

(iii)� �/LWKLXP�K\GULGH�FRQWDLQV�WKH�LRQV�/L+ and H–.

�6WDWH�WKH�HOHFWURQLF�FRQ¿JXUDWLRQ�RI�WKHVH�WZR�LRQV�

/L+ ................................................................  H–  .................................................................
[1]

(iv)� �/L$l H4�GHFRPSRVHV�VORZO\�WR�IRUP�/L$l��V��DQG�+��J��

/L$l H4�V���→��/L$l��V�������+��J�

�/L$l��V��VKRZV�PHWDOOLF�ERQGLQJ�

�'HVFULEH�PHWDOOLF�ERQGLQJ�

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

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

 .......................................................................................................................................  [1]
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(b)� �/L$l H4�FDQQRW�EH�XVHG�LQ�DTXHRXV�VROXWLRQ�EHFDXVH�LW�UHDFWV�ZLWK�ZDWHU�WR�SURGXFH�/L2+�DT���
H��J��DQG�D�ZKLWH�SUHFLSLWDWH�ZKLFK�LV�VROXEOH�LQ�H[FHVV�VRGLXP�K\GUR[LGH�

� �,GHQWLI\�WKH�ZKLWH�SUHFLSLWDWH�

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

(c)� �7ZR�VWXGHQWV�WU\�WR�SUHSDUH���K\GUR[\EXWDQRLF�DFLG�LQ�WKH�ODERUDWRU\�

O

2-hydroxybutanoic acid

OH

OH

� �%RWK�VWXGHQWV�R[LGLVH�EXWDQH�����GLRO�WR�IRUP�P in reaction 1.

� �2QH�VWXGHQW�WKHQ�UHGXFHV�P�XVLQJ�/L$l H4. Q�LV�IRUPHG�

  The other student reduces P�XVLQJ�1D%+4. R�LV�IRUPHG�

butane-1,2-diol

OH

OH

P

O

OH

O
[O]

reaction 1

reaction 2
LiAlH4

reaction 3
NaBH4

Q

R

(i)� �6WDWH�WKH�UHDJHQWV�DQG�FRQGLWLRQV�UHTXLUHG�IRU�UHDFWLRQ���

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

 .......................................................................................................................................��>�@

(ii)� �2QO\�RQH�RI�WKH�VWXGHQWV�VXFFHVVIXOO\�SUHSDUHV���K\GUR[\EXWDQRLF�DFLG�

�,GHQWLI\�ZKLFK�RI�Q or R� LV���K\GUR[\EXWDQRLF�DFLG�DQG�H[SODLQ� WKH�GLႇHUHQFH�EHWZHHQ�
UHDFWLRQV���DQG���

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

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

 .......................................................................................................................................��>�@
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� �$� WKLUG�VWXGHQW�SUHSDUHV���K\GUR[\EXWDQRLF�DFLG�XVLQJ�SURSDQDO�DV� WKH�VWDUWLQJ�PDWHULDO�� ,Q�
VWHS���WKH�VWXGHQW�UHDFWV�SURSDQDO�ZLWK�D�PL[WXUH�RI�1D&1�DQG�+&1�

C

H

C

S

H

CN

O C2H5
OH

C2H5 CH

COOH

OH

C2H5
step 1

NaCN/HCN

step 2

HCl (aq) / reflux

(iii)� �'UDZ�WKH�PHFKDQLVP�IRU�WKH�UHDFWLRQ�RI�SURSDQDO�ZLWK�WKH�PL[WXUH�RI�1D&1�DQG�+&1�WR�
IRUP�S.

● �,GHQWLI\�WKH�LRQ�WKDW�UHDFWV�ZLWK�SURSDQDO�
● �'UDZ�WKH�VWUXFWXUH�RI�WKH�LQWHUPHGLDWH�RI�WKH�UHDFWLRQ�
● �,QFOXGH�DOO�FKDUJHV��SDUWLDO�FKDUJHV��ORQH�SDLUV�DQG�FXUO\�DUURZV�

C

H

C

S

H

CN

O C2H5
OH

C2H5

[4]

(iv)� �&RPSOHWH� WKH� HTXDWLRQ� IRU� WKH� UHDFWLRQ� LQ� VWHS� ��� ZKHQ�S� LV� KHDWHG� XQGHU� UHÀX[�ZLWK�
+&l��DT��

� &�H�&+�2+�&1����������������������������������������→��&�H�&+�2+�&22+���������������������������������
[1]

PMTPMT
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(v)� �7KH�LQIUDUHG�VSHFWUXP�RI�DQ�RUJDQLF�FRPSRXQG�LV�VKRZQ��7KH�RUJDQLF�FRPSRXQG�LV�HLWKHU�
S�RU���K\GUR[\EXWDQRLF�DFLG�

100

50

0

transmittance
%

4000 3000 2000

wavenumber / cm–1

1500 1000 500

�'HGXFH�WKH�LGHQWLW\�RI�WKH�FRPSRXQG��*LYH�two�UHDVRQV�IRU�\RXU�DQVZHU�

�,Q�\RXU�DQVZHU��LGHQWLI\�DQ\�UHOHYDQW�DEVRUSWLRQV�above 1500 cm–1�LQ�WKH�VSHFWUXP�DQG�WKH�
ERQGV�WKDW�FRUUHVSRQG�WR�WKHVH�DEVRUSWLRQV�

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

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

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

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

 .......................................................................................................................................��>�@

>7RWDO����@
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4� ,RGLQH�LV�XVHG�LQ�PDQ\�LQRUJDQLF�DQG�RUJDQLF�UHDFWLRQV�

(a) (i)� �6WDWH�DQG�H[SODLQ�WKH�WUHQG�LQ�YRODWLOLW\�RI�WKH�KDORJHQV��IURP�FKORULQH�WR�LRGLQH�

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

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

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

 .......................................................................................................................................��>�@

(ii)� �([SODLQ�ZK\�+I is the least�WKHUPDOO\�VWDEOH�RI�+&l��+%U�DQG�+I.

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

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

(iii)� �7KH�WDEOH�VKRZV�WKH�HOHFWURQHJDWLYLW\�YDOXHV�IRU�K\GURJHQ��ÀXRULQH�DQG�LRGLQH�

HOHPHQW HOHFWURQHJDWLYLW\�YDOXH

H ���

F ���

I ���

�([SODLQ��LQ�WHUPV�RI�LQWHUPROHFXODU�IRUFHV��ZK\�+I�KDV�D�ORZHU�ERLOLQJ�SRLQW�WKDQ�+)�

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

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

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

 .......................................................................................................................................��>�@

(iv)� �,RGLQH� UHDFWV� ZLWK� KRW� FRQFHQWUDWHG� DTXHRXV� VRGLXP� K\GUR[LGH� LQ� WKH� VDPH� ZD\� DV�
FKORULQH�

�:ULWH�DQ�HTXDWLRQ�IRU�WKH�UHDFWLRQ�RI�LRGLQH�DQG�KRW�DTXHRXV�VRGLXP�K\GUR[LGH�

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

PMTPMT
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(b)� �,RGRDONDQHV�FRQWDLQ�FDUERQ�LRGLQH�ERQGV�

� �7KH�VLPSOHVW�LRGRDONDQH�LV�&+3I.

(i)� �&+3I�FDQ�EH�PDGH�IURP�PHWKDQRO��&+32+�

�,GHQWLI\�D�UHDJHQW�WKDW�FDQ�FRQYHUW�&+32+�WR�&+3I.

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

(ii)� �����GLLRGRHWKDQH��&+�I&+�I��FDQ�EH�PDGH�E\�EXEEOLQJ�HWKHQH�LQWR�OLTXLG�LRGLQH�

�)XOO\�QDPH�WKH�W\SH�RI�PHFKDQLVP�VKRZQ�LQ�WKLV�UHDFWLRQ�

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

(c)  J�UHDFWV�ZLWK�1D2+��IRUPLQJ�GLႇHUHQW�SURGXFWV�GHSHQGHQW�RQ�WKH�FRQGLWLRQV�XVHG�

I

J

(i)� �1DPH�J.

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

(ii) J�UHDFWV�ZLWK�1D2+�DT��WR�IRUP�K.

OH
K

�)XOO\�QDPH�WKH�PHFKDQLVP�RI�WKH�UHDFWLRQ�RI�J�ZLWK�1D2+�DT��WR�IRUP�K.

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

PMTPMT



14

9701/21/O/N/20© UCLES 2020

(iii) J� UHDFWV� ZLWK� 1D2+� GLVVROYHG� LQ� HWKDQRO� WR� IRUP� D�PL[WXUH� RI� WZR� DONHQHV��L and M.
$ONHQH�L is shown.

I NaOH
in ethanol

and

LJ M

�,Q�WKH�ER[�SURYLGHG��GUDZ�WKH�VWUXFWXUH�RI M. [1]

(iv)� �([SODLQ�ZK\�L does not�VKRZ�JHRPHWULFDO��FLV�WUDQV��LVRPHULVP�

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

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

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

(v) L� UHDFWV�ZLWK� KRW� FRQFHQWUDWHG� DFLGL¿HG�.0Q24�DT�� WR� IRUP� SURSDQRQH� DQG� RQH� RWKHU�
organic product.

�,GHQWLI\�WKH�RWKHU�RUJDQLF�SURGXFW�

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

(vi)� �3URSDQRQH�UHDFWV�ZLWK�H[FHVV�DONDOLQH�DTXHRXV�LRGLQH�

�&RPSOHWH�DQG�EDODQFH�WKH�HTXDWLRQ�IRU�WKLV�UHDFWLRQ�

&+3&2&+3  +  ....I����������2+– �������&+3&22–  +  ......H�2�����������I–  +  ....................
>�@

(vii) State one�REVHUYDWLRQ�WKDW�FDQ�EH�PDGH�LQ�WKH�UHDFWLRQ�LQ�(c)(vi).

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

>7RWDO����@
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