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1� �$�VWXGHQW�SODQV� WR�FDUU\�RXW�DQ�H[SHULPHQW� WR�¿QG� WKH�UHODWLYH�PROHFXODU�PDVV��Mr��RI�D�VROXEOH�
DFLGLF�JDV��X��E\�¿QGLQJ�WKH�PDVV�RI�D�PHDVXUHG�YROXPH�RI�JDV�X. Gas X�FDQ�EH�SUHSDUHG�E\�WKH�
UHDFWLRQ�EHWZHHQ�FRQFHQWUDWHG�VXOIXULF�DFLG�DQG�FRSSHU�

� �7ZR�PHWKRGV�RI�JDV�FROOHFWLRQ�DUH�DYDLODEOH�WR�WKH�VWXGHQW��DV�VKRZQ�
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(a) (i)� �([SODLQ�ZK\�WKH�¿UVW�VDPSOH�RI�JDV�FROOHFWHG�IURP�HLWKHU�DSSDUDWXV�VKRXOG�QRW�EH�XVHG�IRU�
WKH�Mr�GHWHUPLQDWLRQ�RI�JDV�X.

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

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

(ii)� �*LYH�two�UHDVRQV��RWKHU�WKDQ�\RXU�DQVZHU�WR�(a)(i)��ZK\��IRU�WKLV�H[SHULPHQW��WKH�DSSDUDWXV�
LQ�PHWKRG�A� LV� OHVV�VXLWDEOH�WKDQ�WKH�DSSDUDWXV� LQ�PHWKRG�B� IRU�FROOHFWLQJ�D�VDPSOH�RI�
gas X.

reason 1  ..............................................................................................................................

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

reason 2  ..............................................................................................................................

 .............................................................................................................................................
[2]
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(b)� �7KH�VWXGHQW�LV�WROG�WR�XVH�WKH�8�WXEH�VKRZQ�WR�¿QG�WKH�PDVV�RI�D�VDPSOH�RI�JDV�X.

gas X

gas syringe

U-tube

soda lime

  A 100.0 cm3� VDPSOH�RI�SXUH�JDV�X� LV�SODFHG� LQ�D�JDV�V\ULQJH��7KH�JDV�V\ULQJH� LV�DWWDFKHG�
WR�D�8�WXEH� FRQWDLQLQJ� VPDOO� OXPSV�RI� VROLG� VRGD� OLPH�� D�PL[WXUH�RI� VRGLXP�K\GUR[LGH�DQG�
FDOFLXP�K\GUR[LGH��$OO�RI�JDV�X�LV�VORZO\�SDVVHG�LQWR�WKH�8�WXEH�DQG�WKH�PDVV�RI�JDV�X�DEVRUEHG�
determined.

� �7KH�WHPSHUDWXUH�DQG�WKH�SUHVVXUH�RI�WKH�URRP�DUH�UHFRUGHG�

(i)� �6WDWH�WKH�PHDVXUHPHQWV�WKDW�DUH�QHHGHG�WR�GHWHUPLQH�WKH�PDVV�RI�JDV�X�DEVRUEHG�

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

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

(ii)� �6XJJHVW�ZK\�VRGD�OLPH�LV�XVHG�WR�DEVRUE�JDV�X.

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

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

(c)  Gas X can cause respiratory distress.

� �6WDWH�DQ�DSSURSULDWH�SUHFDXWLRQ�WKDW�VKRXOG�EH�WDNHQ�ZKHQ�GRLQJ�WKLV�H[SHULPHQW�

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

  ..............................................................................................................................................  [1]
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(d)� �([SHULPHQW���LV�FDUULHG�RXW�DW�D�WHPSHUDWXUH�RI����°&��D�SUHVVXUH�RI�����× 104�3D��DQG�XVHV�
100 cm3�RI�SXUH�JDV�X.

(i)� �&DOFXODWH�WKH�QXPEHU�RI�PROHV�RI�JDV�X present in Experiment 1.

�<RX�VKRXOG�DVVXPH�WKDW�JDV�X�EHKDYHV�OLNH�DQ�LGHDO�JDV�DQG�VR�XVH�PV = nRT.

R� ������-�.–1 mol–1

PROHV�RI�JDV�X = .............................. mol  [2]

(ii)� �7KH�VDPSOH�RI�JDV�X�LV�IRXQG�WR�KDYH�D�PDVV�RI�������J�

�([SODLQ�KRZ�WKH�VWXGHQW�VKRXOG�XVH�WKLV�LQIRUPDWLRQ�DQG�WKHLU�UHVXOWV�WR�GHWHUPLQH�WKH�Mr
RI�X.

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

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

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

(iii)� �1RW�DOO�RI�JDV�X�LV�DEVRUEHG�E\�WKH�VRGD�OLPH�

�6WDWH�ZKDW�HIIHFW��LI�DQ\��WKLV�KDV�RQ�WKH�VWXGHQW¶V�FDOFXODWHG�YDOXH�RI�WKH�Mr�RI�JDV�X.

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

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

(iv)� �,Q�([SHULPHQW� ��� WKH� VDPH�PDVV�RI� JDV�X� LV� XVHG�� EXW� WKH� VWXGHQW� GLG� QRW� UHFRUG� WKH�
temperature and pressure.

�7KH�FDOFXODWHG�Mr�RI�X�IRU�([SHULPHQW���LV�KLJKHU�WKDQ�WKH�YDOXH�FDOFXODWHG�E\�WKH�VWXGHQW�
IRU�([SHULPHQW���

�6WDWH�DQG�H[SODLQ�KRZ�WKH�YDOXH�RI�PT �FKDQJHV�IURP�([SHULPHQW���WR�([SHULPHQW���

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

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

 .......................................................................................................................................  [1]
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(e)� �6WDWH�KRZ�WKH�UHOLDELOLW\�RI�WKH�UHVXOWV�LQ�([SHULPHQW���FRXOG�EH�LPSURYHG�

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

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

(f)� �$�GLIIHUHQW�JDV��PHWK\ODPLQH��LV�DONDOLQH�

� �6WDWH�D�FKDQJH�WKDW�ZRXOG�KDYH�WR�EH�PDGH�WR�WKH�DSSDUDWXV�VR�WKDW�WKH�Mr�RI�PHWK\ODPLQH�
FRXOG�EH�GHWHUPLQHG�

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

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

[Total: 13]
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2� �(DFK�VWXGHQW�LQ�D�FODVV�RI�QLQH�VWXGHQWV�SHUIRUPV�DQ�H[SHULPHQW�WR�¿QG�WKH�IRUPXOD�RI�D�FKORULGH�RI�
LURQ��(DFK�VWXGHQW�SUHSDUHV�WKH�FKORULGH�RI�LURQ�E\�SDVVLQJ�D�VWUHDP�RI�FKORULQH�JDV�RYHU�D�VDPSOH�
RI�LURQ�ZLUH�DV�VKRZQ�LQ�WKH�GLDJUDP�

dry chlorine gas

excess
chlorine gas

heat
chloride
of iron

iron wire

(a)� �(DFK� VWXGHQW� FDUULHV� RXW� WKH� IROORZLQJ� VWHSV� LQ� WKH� RUGHU� VKRZQ� LQ� WKH� OLVW�� 6RPH� RI� WKH�
PHDVXUHPHQW�VWHSV�DUH�PLVVLQJ�IURP�WKH�OLVW�

● �:HLJK�WKH�UHDFWLRQ�WXEH�FRQWDLQLQJ�D�TXDQWLW\�RI�LURQ�ZLUH�
● �6HW�XS�WKH�DSSDUDWXV�DV�VKRZQ�LQ�WKH�GLDJUDP�
● �6WDUW�WKH�IORZ�RI�GU\�FKORULQH�JDV�
● �+HDW�WKH�LURQ�ZLUH�XQWLO�LW�KDV�FRPSOHWHO\�UHDFWHG�
● �$OORZ�WKH�DSSDUDWXV�WR�FRRO��ZLWK�FKORULQH�JDV�VWLOO�IORZLQJ�
● �:HLJK�WKH�VLGH�DUP�FRQLFDO�IODVN�FRQWDLQLQJ�WKH�FKORULGH�RI�LURQ�

(i)� �6WDWH�WKH�two�DGGLWLRQDO�PHDVXUHPHQW�VWHSV�WKDW�HDFK�VWXGHQW�PXVW�SHUIRUP�LQ�RUGHU�WR�
¿QG�WKH�IRUPXOD�RI�WKH�FKORULGH�RI�LURQ�

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

2  ..........................................................................................................................................
[1]

(ii)� �7KH�ÀRZ�RI�GU\�FKORULQH�JDV�PXVW�VWDUW�EHIRUH�WKH�LURQ�ZLUH�LV�KHDWHG�

�([SODLQ�ZK\�

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

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

(iii)� �6WDWH�DQ�DVVXPSWLRQ�WKDW�KDV�WR�EH�PDGH�IRU�WKH�PHDVXUHPHQWV�PDGH�LQ�WKLV�H[SHULPHQW�
WR�EH�YDOLG�

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

 .......................................................................................................................................  [1]
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(b) (i)� �7KH�FODVV�UHVXOWV�DUH�VKRZQ�LQ�WKH�WDEOH�

student
PDVV�RI
LURQ�ZLUH

/ g

PDVV�RI
LURQ�FKORULGH

/ g

PDVV�RI
FKORULQH

/ g

amount
RI�LURQ
/ mol

DPRXQW�RI
FKORULQH�DWRPV

/ mol

1 ���� 1.64

2 1.10 3.16

3 1.40 4.03

4 ���� ����

� ���� ����

6 ���� ����

� ���� ����

� ���� ����

� ���� �����

�&DOFXODWH�WKH�PDVV�RI�FKORULQH�WKDW�UHDFWV�ZLWK�WKH�LURQ�ZLUH�LQ�HDFK�H[SHULPHQW��5HFRUG�
HDFK�PDVV�WR�two decimal places.

�&DOFXODWH�WKH�DPRXQW�RI�LURQ��LQ�PRO��DQG�DPRXQW�RI�FKORULQH�DWRPV��LQ�PRO��WKDW�UHDFWV�LQ�
HDFK�H[SHULPHQW��5HFRUG�WKH�QXPEHU�RI�PROHV�WR�three significant figures.

[Ar��)H���������&l������@
[3]

 (ii)� �3ORW�D�JUDSK�RQ�WKH�JULG�RI�WKH�DPRXQW�RI�FKORULQH�DWRPV�DJDLQVW�WKH�DPRXQW�RI�LURQ�
�8VH�D�FURVV��×��WR�SORW�HDFK�GDWD�SRLQW�
�'UDZ�D�OLQH�RI�EHVW�¿W�WKURXJK�WKH�SORWWHG�SRLQWV��<RX�VKRXOG�FRQVLGHU�ZKHWKHU�������VKRXOG�
EH�RQ�WKH�OLQH�RI�EHVW�¿W�� >�@
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0.00 0.01 0.02 0.03 0.04

amount of iron /mol

amount
of
chlorine
atoms
/mol

0.05 0.06 0.07 0.08

0.22
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0.18
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0.14
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(iii)� �&LUFOH�WKH�SRLQW�RQ�WKH�JUDSK�\RX�FRQVLGHU�WR�EH�PRVW�DQRPDORXV�
 Suggest one� UHDVRQ� ZK\� WKLV� DQRPDO\� PD\� KDYH� RFFXUUHG� GXULQJ� WKLV� H[SHULPHQWDO�
procedure.

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

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

(c)� �8VH�WKH�JUDSK�WR�GHWHUPLQH�WKH�JUDGLHQW�RI�WKH�OLQH�RI�EHVW�¿W�

� �6WDWH�WKH�FRRUGLQDWHV�RI�ERWK�SRLQWV�\RX�XVHG�LQ�\RXU�FDOFXODWLRQ��7KHVH�PXVW�EH�RQ�\RXU�OLQH�
RI�EHVW�¿W�

� �*LYH�\RXU�DQVZHU�WR�three significant figures.

 coordinates 1 .................................................  coordinates 2  ...................................................

gradient = ..............................
[2]

(d)� �7KH�IRUPXOD�RI�WKH�FKORULGH�RI�LURQ�SURGXFHG�LQ�WKLV�H[SHULPHQW�LV�)H&l 3.

� �6WDWH�KRZ�WKH�UHVXOWV�VWXGHQW���REWDLQV�FRXOG�EH�XVHG�WR�GHWHUPLQH�WKLV�IRUPXOD�

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

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

  ..............................................................................................................................................  [1]
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(e) (i)� �6WXGHQW���ZHLJKV�WKH�FRQLFDO�ÀDVN�XVLQJ�D�EDODQFH�DFFXUDWH�WR�WZR�GHFLPDO�SODFHV�DQG�
UHFRUGV�LWV�PDVV��$IWHU�WKH�FKORULGH�RI�LURQ�LV�SURGXFHG�WKH�PDVV�LQFUHDVHV�E\������J�

�&DOFXODWH�WKH�SHUFHQWDJH�HUURU�LQ�PHDVXULQJ�WKH�PDVV�RI�WKLV�FKORULGH�RI�LURQ�

percentage error = .............................. %  [1]

(ii)� �6WXGHQW���IROORZV�WKH�VDPH�SURFHGXUH�DV�VWXGHQW���

�6WDWH�ZKHWKHU� WKH� UHVXOWV� IURP�VWXGHQW���ZLOO� KDYH�PRUH�RU� OHVV�SHUFHQWDJH�HUURU� WKDQ�
WKRVH�IURP�VWXGHQW���
�([SODLQ�\RXU�DQVZHU�

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

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

(f)� �$QRWKHU�VWXGHQW�VXJJHVWHG� WKDW� WKH�FKORULGH�RI� LURQ�FRXOG�DOVR�EH�SUHSDUHG�E\� WKH� UHDFWLRQ�
EHWZHHQ�LURQ�ZLUH�DQG�K\GURFKORULF�DFLG�

(i)� �$�VDPSOH�RI�D�FKORULGH�RI�LURQ�SUHSDUHG�LQ�WKLV�ZD\�FRQWDLQV�����LURQ�E\�PDVV�

�6KRZ�WKDW�WKH�IRUPXOD�RI�WKLV�FKORULGH�RI�LURQ�LV�)H&l 2.
 [Ar��)H���������&l������@

[1]

(ii) �([SODLQ��XVLQJ�WKH�HOHFWURGH�SRWHQWLDO�YDOXHV�LQ�WKH�WDEOH��ZK\�WKH�PHWKRGV�LQ�(a) and (f) do 
QRW�SURGXFH�WKH�VDPH�FKORULGHV�RI�LURQ�

reaction electrode
SRWHQWLDO��(o / V

Fe2+�DT�������H– ��)H�V� –0.44

2H+�DT�������H–   H2�J� 0.00

Fe3+�DT������H–   Fe2+�DT� �����

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

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

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

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

>7RWDO����@
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