
Question 2: Long-Answer

̞|̞

2. !e following questions relate to sulfur and some of its compounds.
(a) Write the balanced equation for the combustion of S8(s) to form SO2(g).
(b) Calculate the volume of O2(g), measured at 1.00 atm and 298 K, that is required to completely combust a 500.0 g 

sample of pure S8(s).
(c) A student claims that the combustion of S8 is an oxidation-reduction reaction. Justify the claim by identifying the 

oxidation numbers of sulfur and oxygen both before and a"er the reaction.
(d) In the box below, draw a Lewis electron-dot diagram for one valid resonance structure of SO2.

(e) Based on the diagram you drew in part (d), what is the approximate oxygen-sulfur-oxygen bond angle in  SO2?
 SO2 can be oxidized to form SO3 according to the following equation.

2 SO2( g) + O2( g) → 2 SO3(g) ΔH° = −198 kJ/molrxn

(f) Is the value of ΔS° for the reaction represented above positive or negative? Justify your answer.
2 SO2( g) + O2( g) → 2 SO3(l)

(g) Is the magnitude of ΔH° for the reaction to form SO3(l), represented above, greater than, less than, or equal to the 
magnitude of ΔH° for the reaction to form SO3( g)? Justify your answer.

(h) Based on the information above, how does the thermodynamic favorability of the reaction change as the 
temperature of the reaction system is decreased? Justify your answer.
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Scoring Guidelines for Question 2: Long-Answer 10 points

Learning Objectives: 75$���%   75$���$   634ǧ��$   6$3ǧ��$   6$3ǧ��&   (1(ǧ��'   (1(ǧ��$   (1(ǧ��&

(a) :ULWH�WKH�EDODQFHG�HTXDWLRQ�IRU�WKH�FRPEXVWLRQ�RI�68�s��WR�IRUP�622�g��
2QH�SRLQW�IRU�WKH�EDODQFHG�HTXDWLRQ��

68�W������22�K��͟���622�g�

1 point
��(

75$ǧ��%

(b) &DOFXODWH�WKH�YROXPH�RI�22�g���PHDVXUHG�DW������DWP�DQG�����.��WKDW�LV�UHTXLUHG
WR�FRPSOHWHO\�FRPEXVW�D�������J�VDPSOH�RI�SXUH�68�s��
2QH�SRLQW�IRU�FDOFXODWLQJ�WKH�PROHV�RI�22�

8 mol O500.0 Sg 2
8 = 15.60 mol O2

8

1 point
��)

634ǧ��$

2QH�SRLQW�IRU�FDOFXODWLQJ�WKH�YROXPH�RI�22�

nRT (15.60 mol)(0.08206 L a⋅ ⋅tm mol K− −1 1⋅ )(298 K)V = = = 381 L
P 1.00 atm

1 point
��)

634ǧ��$

Total for part (b) 2 points

(c) $�VWXGHQW�FODLPV�WKDW�WKH�FRPEXVWLRQ�RI�68�s��LV�DQ�R[LGDWLRQ�UHGXFWLRQ�UHDFWLRQ��-XVWLI\�WKH�FODLP�E\�
LGHQWLI\LQJ�WKH�R[LGDWLRQ�QXPEHUV�RI�VXOIXU�DQG�R[\JHQ�ERWK�EHIRUH�DQG�DIWHU�WKH�UHDFWLRQ�

2QH�SRLQW�IRU�DOO�IRXU�FRUUHFW�R[LGDWLRQ�QXPEHUV�

2[LGDWLRQ�QXPEHUV�EHIRUH�WKH�UHDFWLRQ�

2[LGDWLRQ�QXPEHUV�DIWHU�WKH�UHDFWLRQ��6�=�+���2�=�-2

1 point

�6�=����2�=��

��$

75$ǧ��$

(d) ,Q�WKH�ER[�EHORZ��GUDZ�D�FRPSOHWH�/HZLV�HOHFWURQ�GRW�GLDJUDP�IRU�RQH�YDOLG�UHVRQDQFH�VWUXFWXUH�RI�622�g��
$Q\�RQH�RI�WKH�WKUHH�IROORZLQJ�GLDJUDPV�LV�DFFHSWDEOH�

S S S
O O or orO O O O

1 point

2QH�SRLQW�IRU�WKH�FRUUHFW�QXPEHU�RI�HOHFWURQV�

��%

6$3ǧ��$

2QH�SRLQW�IRU�D�YDOLG�/HZLV�GLDJUDP� 1 point
��%

6$3ǧ��$

Total for part (d) 2 points

(e)� %DVHG�RQ�WKH�GLDJUDP�\RX�GUHZ�LQ�SDUW��G���ZKDW�LV�WKH�DSSUR[LPDWH�R[\JHQ�VXOIXU�R[\JHQ�ERQG#��

2QH�SRLQW�IRU�DQ�DQJOH�WKDW�LV�FRQVLVWHQW�ZLWK�WKH�VWXGHQWoV�/HZLV�VWUXFWXUH�����°
1 point

��$

6$3ǧ��&

(f) ,V�WKH�YDOXH�RI�ƵS��IRU�WKH�UHDFWLRQ�UHSUHVHQWHG�DERYH�SRVLWLYH�RU�QHJDWLYH"�-XVWLI\�\RXU�DQVZHU�
2QH�SRLQW�IRU�LQGLFDWLQJ�QHJDWLYH�ZLWK�D�YDOLG�H[SODQDWLRQ�WKDW�PHQWLRQV�WKH�VPDOOHU�QXPEHU�RI�PROHV�RI�
JDV�LQ�WKH�SURGXFWV�
• 

1 point

Negative, because the reactants are three moles of gas but the products are only two moles of gas.

��&

(1(ǧ��$
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256. g5 S8 1 mol S
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(g) ,V�WKH�PDJQLWXGH�RI�ƵH°�IRU�WKH�UHDFWLRQ�WR�IRUP�62���O̤���UHSUHVHQWHG�DERYH��JUHDWHU�WKDQ��OHVV�WKDQ��RU�
HTXDO�WR�WKH�PDJQLWXGH�RI�ƵH°�IRU�WKH�UHDFWLRQ�WR�IRUP�62���g�"�-XVWLI\�\RXU�DQVZHU�
2QH�SRLQW�IRU�LQGLFDWLQJ�JUHDWHU�PDJQLWXGH�ZLWK�D�YDOLG�MXVWLILFDWLRQ��
• Greater, because the enthalpy of SO3��O̤��LV�ORZHU�WKDQ�WKH�HQWKDOS\�RI�623��J���E\�DQ�DPRXQW�HTXDO�WR�WKH

enthalpy of vaporization of SO3��O̤����ZKLFK�PDNHV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�HQWKDOS\�RI�WKH�UHDFWDQWV�
and the enthalpy of the products a larger amount.

�

1 point
��'

(1(ǧ��'

(h) %DVHG�RQ�WKH�LQIRUPDWLRQ�DERYH��KRZ�GRHV�WKH�WKHUPRG\QDPLF�IDYRUDELOLW\�RI�WKH�UHDFWLRQ�FKDQJH�DV�WKH�
WHPSHUDWXUH�RI�WKH�UHDFWLRQ�V\VWHP�LV�GHFUHDVHG"�-XVWLI\�\RXU�DQVZHU�
2QH�SRLQW�IRU�LQGLFDWLQJ�DQ�LQFUHDVHG�WKHUPRG\QDPLF�IDYRUDELOLW\�DORQJ�ZLWK�D�YDOLG�MXVWLILFDWLRQ�
• ƵGrxn = ƵHrxn - TƵSrxn��

1 point

$VVXPLQJ�WKDW�ERWK�Ƶ+rxn�DQG�Ƶ6rxn are constant, as the value of T is decreased, 
WKH�VPDOOHU�LQ�YDOXH�WKH�WHUP��7Ƶ6rxn��EHFRPHV��PDNLQJ�WKH�WHUP��Ƶ+rxn-7Ƶ6rxn��PRUH�QHJDWLYH��7KXV�
Ƶ*rxn becomes more negative, increasing the thermodynamic favorability of the reaction.

6�&

(1(ǧ��&

Total for question 2 10 points
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