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1. NPO T=300 K, QPRTS n=2 mol UWVYXTZP[\Z\]_^T`badcfefgih\jbkbl_mfnoUpN\O T=300 K Upj\krqsj\k Atvu gwhrxyUy]z^b`\aoU{jWk|q~}�U pV �\�s� u���� � A→B→C→D→A

t lzm����o�yh C→D U�jWkWl_m��� N_lzm t\��� C→D Uylzm�UW�P�s`\ao� 1.38×104 J U��T��q � � t�u gwh_`Pa\�Y� R = 8.31 J/mol·K
tW��_�f� UP�T�s� � � ho�P¡ ��� xpUP�y¢�£T� �f¤�¥b¦\§_¨|©pª UYl_mT[ ∆U �y«¬gi­\®�� − Up¯ L qs°r± �� � � ( ²|�bg~­W®��{¯ L �{°�±_³�´ � �{µ ) ¶T·¹¸r� �yº S δQ cf»Tgi­W®�� − U�¯ L qs°�± � � � � ( ²|�gi­z®��s¯ L �y°�±¼³�´ � ��µ ) ¶Y½W� � �b� δW � � �P��q � �y­W®¾� − Us¯ L q¹°�± � �|� � ( �b��qo��¿g¹­_®��{¯ L �y°|±z³�´ � �sµ ) ¶

(a) A→B q�ÀPlWm t~ÁzÂdÃ � � � hÄ�TÅ�� � jWk B ��Æ�±Pg¹`baoUpNWOq��|� � h
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(b) j\kWl¼m A→B £ � `PafU ¤{¥\¦z§¼¨�©yª Uyl¼mP[ ∆U
� `Wa¾�W»¹ÇÉÈ � � º S δQ

� `WaTc � �s�P� δW� µ ´bÅ Ã_�PÊ ¿fË¼¿_�r� � ¶

∆U δQ δW

(c) B→C qiÀTlzm twÁ_ÂTÃW� �fÅ¹� � B→C UYlzm�£�`Pa��\»sÇÌÈ � � º S δQ q Ê ¿dËY¿W�|� � ¶

lWm M º S
(d) C→D Upl_mo£ � `ba¾�P»�ÇÍÈ � � º S δQ q{Î¾Ï � h

δQ

(e) D→A Upl_m¾£ � `\a��W»{ÇÐÈ � � º S δQ q{Î¾Ï � h

δQ



2. QPR\S n=1[mol] UYVpXbZW[\Z_]¼^b`\adU�jWkoc � }¾U pV �P�s� u���� � � jWk A→B→C→A U 1 Ñ¼Ò�Ó ¨¡¾±{l_m � �b¶�jbkPl\m B→C �zÔ º l_m�£feog�¶b�b�{� � � �r� � � j\k A, B, C �YÆ�±Tg¹`ba¾U�ÕbÖ ta_×�� �\Ê ¿TËz¿ P1, P2, P1

�
V1, V1, 8V1 £Te\Øz�\¶�x�U�`PaoU¼�¼×TÙ ¨PÚ_º � CV =

3

2
R
� �¼ÕTÙ ¨PÚ_º �

CP =
5

2
R £feTgp¶ �f� UP� µ ��� � � ¶

(a) xpUy`bafc_VYXbZ\[\ZW]_^b`Pad£TefgPx tiÃ Å �zÚzºTÚ γ q{[z��£�Û�¾¶ �P� U\�_£\� � x�U ÚYºTÚ γ �W� � x{U�[_��q�Ü µ gWÝ�U tvu gy¶
γ

(b) j\kWlzm B→C �zÞ ��� j\k B
t jWk C UsÕbÖ t az×�U_�b��ßÉÈvàzáÞsâ q{Ü µ � � ÕbÖ P1 q � P2 q{Ü µ � Û\��¶\�\¡ �w�pã ���\� � �

(a) £ ã � � � ÚzºTÚ γ Uyärq�Ü µ gbÝyU t�u gy¶

Þ�âdå P1

P

V

P2

V1 8V1

P1

A

B

C

(c) j\kWl¼m A→B U_�b��`Wao�iær�¾Å�¿f� º S QAB

� ³�Å�çd� C→A UW�\�s`Wa Ã Åéè¾êy¿T� º S QCA q �Ê ¿dË¼¿W� � � ¶W�P¡ �w�pã �|�P� � � (a) £ ã � � � ÚzºdÚ γ Uyä�q{Ü µ gTÝ�U tP�w�Yã ��� P2, V1q{Ü µ � �r� � ¶

QAB QCA

(d) xpU 1 ÑWÒ�Ó ¨ £Y`\a¾U ¤p¥\¦\§z¨|©�ª U�l_mb[�q¹�r� � ¶¤�¥P¦W§_¨�©pª Upl_mb[
(e) xpUìëíÑzÒ�Ó ¨ £�`\adc u g��T� Wall ��îï¿f¡d± Ã � � � ¶ ã ��� P2, V1 q{Ü µ � �|� � ¶��bÅ¹� � xUzÑ¼Ò¾Ó ¨ U{ð\ñ η =

Wall

Qall

q~�|� � ¶y�_¡ ��� Qall �Yòf�~ær��Åó¿T� ( ôzÇ � � )
º ST³zU_£ Qall = QAB£TeTg�h¾½z� � xyUW�_£b� � �T� δW Us¯ L ��á µ � � `Wadcyõdö � � �b��q � �p­_®¾� +

t\�ï�Y÷zøT�ù\ú � � �T��qo��¿rgi­W®��{¯ L q −

t�u gp¶

�T� Wall ðTñ η


