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4.76+log10(x)−log10(10−x)
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��E 4[/B:n)>P0%�4�3.R2-0E21>-0E2<s%�,*%�E�R2-0E>12-0E2<s:=%�PAP0%�: %('*:=%('iO[P#t O '9/B:SQ!/5<n%(E 3��[4[O[P01>'*P0-A<XO5E21!'\Q
/5r 'C%m?[O5E21� X� -0E212-AE2<B%(E %�,�%(Esr�/5,C: r�/B, 45/d?[O5PA%�EX' R2-0E>12-0E2<>Q[:=%�EsO5PAP0% %�P0%(4X'9,C/5E2%�,�4[/B:n:=%�,
r�,9O�PA-0<XO5E>12%�E� >$&%�E>E2%J3.4 O5P
12%�,8r�/B,xYZO\?B%@%('xr�,.-A'~%(P0%�4X'C,C/BE!tu)ZO5,( 
|_/5:n)2PA%�4�3C%(,�4 O5E 1vrL�.%�,.E2%�3�3.'C/5FG%(, r�,9O�%(EH/B)>P0gB3.E2-0E2<> �M %�1 O['sR>-0E212%�1>%�: 4[/B:n)>P0%�4�38'
1vr�/5,C3.?�-AE212%�, 3_12%5Q!/B<l12%(,b4 O5E�/B)>P0gB3.%�3b:=%�,.%NO[rJ1v3.'iO[:stu3.'9/[FG%c';3iQ�12%c'C'C%N4 O5E`?[ab,C%N-AEX'9%�,.%�3 t
39O[E�'x?5%�1�'CD2E2<5'x/5)2P0gB3.%�PA-0<B%N3CO5PA'C%5 
��4�3C%�:=)+%�P � AaBb(s) 
 aA(aq)+ bB(aq)
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AaBb

%�, '9D2E2<['m/B)>P0gB3.%�P0-A<5'\ B?5%�1�O 'm'9-AP03Cam'C'9%
Mex− 12%(,m,.%\O5<B%(,C% � nA(aq) +Mex−


 Me(A)x−
n

3C%(,b:nO5E�O[' /B)2PAgB3C%(P0-A<BY2%�1>3C)2,./!12D>4Xt
'9%c'*R2P0-#?B%�,~:=-0E>12,C%N%(E21

Ko
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�>O5P#'9%@O[r�3.'9ab,C4[%J387!,.%J%(,�QZE2/5,C:nO5PA'�Q!PA%('x/B)2PAgB3C%(P0-A< -�?[O5E21� 
"B ^Y2)X?B%(12<B,CD>)2)y%(38tu39O5P#'9%I/B<=�&w +

4

39O[PA'9%6%(,xP0%('C/B)2PAgB3C%(P0-0<5%
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�>O5P#'9%@O[r�-04�4[%ctv38'iab,.45%I3.7�,C%I%�,~'9D>E2<5'9/5)2P0gB3.%�PA-0<B%
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�Z/B,~,C%�O54X'9-A/BE2%�E �
AaBa(s) 
 aA+(aq) + bB−(aq)

<XabPA12%�,xO['x/5)2P0gB3.%�PA-0<BY2%(123C)>,C/�12D24X'9%c'x%�, � [A+]a ∗ [B−]b = Ko$&%c'C'9%I%�,~%(<B%�EX'CP0-0<['xP0-0<5%(?[ab<5'93.P0/d?B%(E�YX?B/B,*12%('xr�O538'9%@3.'C/5r'�
AaBb

�b%(,~D212%�P0O51>'� 

�����
$ � � ! �$� ����� ��� ��� �6���$#(	 
 )�*%��� � ( �$� � � �J	 ��� 	"� � ( � ����	 
 )�*%� +
� � � � *%� *���*%# �(# ( �'� ! ��	��

� � � 	 � �+* � �5,s%('=3.'C/5r6/B)>P0gB3.%�3s-~?5O[E21H:=-0E>123C4[%�3s?5O[E21245/5E2}�%(E�'C,9O['C-0/BE>%�E� w*?�-03s,.%�EX'
?[O5E21I/B<~?[O5E21I:n%(1J:=-0E21>,C% ?[O5E21>45/BE2}(%�EX'9,CO['9-A/BE O[123C4�-0PA12%�3�O r2%�EI3C%(:n-A)y%(,C:=%\O5R+%�P5:n%(:st
R2,CO5E�QX?�-0Ph12%�, )ZO53.3C%�,.%N:=%�,C%x?[O5E21=r�,9OJ1>%�E�1u?5O[E21n,.-0<B%H3x3C-A12%_'C-0PZ12%(,:1u?5O[E21=r�O 'C'9-A<B%�3~3C-01>%
%�E>1S1>%�E�:=/!123CO['C'C%_?5% ����%(r 'C%�,bY �5E212%(ES38'9-A<B%�, ?5O[E2123Cg��.P0%�E�-y12%�E�?[O5E21!r�O['C'C-0<B%*12%�P Q>3CO5:st
'9-A12-0< :=%�1HO['s?[O5E21!tu45/BE>}�%�EX'C,9O['C-0/BE2%(E�38'9-0<5%�,�-x39O5:=:=%��c $&%('n/B3C:=/5'C-03C4 '9,87!4hQ %�,=12%c'
'9,87�4�12%�,x3.4[O[P
D212gd?B%(3&) ��12%(E%1u?5O[E21>r�O['.'9-0<5%�3&3C-01>%Nr�/B,xO['*D212PA-0<BE2%&12%�E2E>%I'C,9O5E23.)y/5,.'\ 
$&%c'_/53C:=/5'9-A3C45%6'C,.7�4�4 O5EqD212,.%�<BE2%(3_:=%�1qr�/B,.:nPA%�E �

posmotisk = [A] ∗R ∗ T

� � � %�,I12%�E 39O5:=P0%(12% " ��� �KA = ��� = ���JI � ��� � ���KA ��� -�?[O5E212%c'\Q�/B<S� %�,I12%(E�O5R23./BP0D>'.'9%�'9%(:st
)+%�,9O '9D2,( hf %�,x3C%(PA?�r�gBPA<B%�PA-0<l<BO538tu45/BE238'iO5EX'C%�E � 0.08314 L∗bar
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�Z/B,C:=P0%(E�r�/B,~45/5<B%�)2D>E24X'93C38'9-A<BE2-0E><B%�ES3C%(,*Y>%�,.?5%�1�3 �51ZO5ESD21 �

∆Tk = Kk ∗ cmolal

Kk

%(,x12%�Eqr�gB,~/B:l'9O5PA'C%&?[ab3C4[%l3C)+%�}(-ApZ4�4[%J4[/B<B%�)>D2E24X'93 tv45/5E23.'9O5EX'\ 
� � � � � � ��
 ��� � ��� 
 �

�� 
�� * 
 �n3CO5:=:n%6: �512%@3C/5: r�/B,x45/B<5%�)2D2E>4�'C3_r�/B,.Y2g �.%(P03C%[Q2r�,.7�3C%(,
%�E�?[ab3.45%s/B<B3 �nr�gB,C38'N?B%(1 P O\?B%(,C%l'C%�:=)y%(,9O['CD2,C%[QGE �5,_12%�,&/B)2P0g53C%�3&%('638'9/5r 12%(,C-  y|6,9O\?B%c'
/B:;O 'x3.'9/[FG%c'_-A4�45%@:��l?[ab,.% �27�<5'C-0<5'b%�,x4�EZO5)S3��s)2,C%(3C3C%(,C%(E212%lE�D� 
��'9O512-0< R>,CD2<B%(3�12%�E :=/BP O5PA%n4[/BE2}(%�EX'9,CO['9-A/BE O[r*12%('=/B)2PAgB3.'C%�3.'C/5r Q <XO[E2<B%(' :n%(1 ?[ab3.45%
3C)+%�}(-ApZ4nr�,.7�3C%()2D2E24X'93 tv4[/BE23.'9O5EX'\ 
 ��r�/B,C:=%�P�1>%�,x12%('*3 �51ZO5ESD21 �

−∆Tf = Kf ∗ cmolal
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��%c'iO5PAP0%�,.E2%I3.' �[,&,9O[E2<B%�,.%('_- � " � �+� A � ?�� ��� =2= � � %cr '9%(,&12%(,C%�3_?!-AP0PA-0<BY2%(1�'9-0P�O 'N/d?B%(,C<��n'C-0P
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� � � = � � � = � � A � = I ��� � � QhO r <XO5P#?[O5E2-03.4n'v7�)+%5QhRy%(3.'��5,&O r�'C/n12%(PA?�-038'_O5123C4�-APA'9%@4 O5,( Z�m12%c'&%(E2%
4 O5,6%�,6%c'@3.'v7�4�45%n:n%c'iO5P 1>%�,63.'��5,N'9-AP�?5%�E238'9,C%=) ��3C)2abE212-0E><B3C,Cab4�4[%�E�Q�- ?[O5E212%c'@%�,@12%(,
-0/5E2%�,6O rm3CO5:n:=% :=%('9O5P Qy4[O[,������c ��*12%c'lO[E212%('@4 O5,6%(,6%('I:=%('iO[P 12%(,I38' �5,N'C-0P�Y2g �.,C%�r�/B,
12%c' r�gB,C38'9%n:n%c'iO5P Q�/5<�- ?[O5E>12%('�%(,l12%(, -0/5E2%�,JO[rx39O[:n:=%5Q�4 O5,���� �c �w*?5%�,sO[rx1>%n'9/ 4[O[,
4 O5P01>%�3s%�E YZO5P#?�tu}�%(P0P0%[ �J4[O[,������J?�-0P~:=%('iO[P0P0%c' <B%(,CE2%q) � -0/5E!tur�/B,.:�Q�:=%�E 3C4 O5PxO[r_:n%(1
12%(,C%�3I%�PA%�4X'9,./BE2%(,� ��&4 O5, � � �&?�-0P -A/BE2%(,CE2%s<B%(,CE2%=/B)>'9O5<B%�3@-�:=%('9O5P0PA%('\Qy:n%(E 1>%n:nO5E2<BPA%�,
%�PA%�4X'9,./BE2%(,� �M %�1�O['�r�/B,.R2-0E21>% :=%('9O5P0PA%�,CE>% :=%�1J%(' P0%�1>%�E212% :`O '9%�,.- O5PA%5Q\/5<&P O[12%�?5ab3.45%(,C%�E
?[ab,C%s- 4[/BEX'iO54X'I:n%(1 Y2-0EZO[E212%�E PAgB3C%(3I1>%('C'C%�)2,C/5R2P0%(: � �&4 O5,���� �_< �5,6:n%c'iO5PAP0%(,CE2%JD21 -
?[O5E212%c'\Q 12%q%�PA%�4X'9,./BE2%(,n12%�O[r�<B-#?B%(, ?5O[E212,C%S<B%(E2E2%�:�1>%('nP0%�1>%�E212%S:nO['9%(,C- O[P0%�/d?B%(,='C-0P
:=%('iO[P0P0%c'I-m4 O5,���� �cQ�E �5,l:n%c'iO5PAP0%('I12%(, :=/!1>'9O5<B%(,l%�PA%�4X'9,./BE2%(,CE2%[Q�r
�5,J12%('�%c?�E2%�E '9-AP O '
R2-AE212% �Z%(,C% O[r!3C-0E>% :=%('9O5P0-A/BE2%(,� �h/5,
O['�D212PA-0<BE>%5Q\O '�12%�,�%�,�3.45%('�%(EJ3.)ZabE212-AE2<B3.'C,9O5E>3C)+/B,.'�Q
?[O5E212,.% 12% E>%�<XO['C-A?5% /d?5%�,C3.4X7!1>%�E212%~-A/BE2%(,�r�,9Ox4[O[,�� �'�y'9-0P54[O[,������cQ\r�/B,�O '�/5)2,C%c'9Y2/BPA12%�1 12%(E
%�PA%�4X'9,.-03.45%@P0-A<B%(?[ab<5' 3i 
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U0 = U	
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R ∗ T

z ∗ F
∗ ln(Y )
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%(,63.'9O5E21ZO5,8'6YX?�-0P0%(3C)ZabE>12-0E2<5%�E�Q�1>%�E D212,.%�<BE>%�3@3C/B: r�/B,C3.45%(P0P0%J:n%(P0PA%�: 12%l'C/�%�P0%(4Bt
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f %(,*<BO53C4[/BE23.'9O5EX'9%(E�Q��	%(,x,C%\O[4�'C-0/BE>3CR2,.gB45%(E�Qh/B<s� 12%(E O5R>3C/BPAD>'C'C%N'9%�:=)+%�,9O '9D2,( 
z
%�,x12%('_O5EX'9O5P
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F
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�Z/B,C:=P0%(E�4 O5E�Q>r�/B,b'C%�:=)y%(,9O['CD2,C%@/B:=4�,C-AE2<=�Be
◦
k&QZ/5:n3.4�,.-A?5%�3~'9-AP �

U0 = U	

0 −
0.059V

z
∗ log(Y )

U	
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%�,N38'iO51>-0<�38'iO5E212O5,.'6YX?�-0PA%�3.)ZabE212-AE2<B%�EG 
z
%�,N38'iO51>-0<B%lO5EX'iO5P�/�?5%�,8r�gB,.'C%�%�P0%(4X'9,C/5E2%�,N-

,C%�O54X'9-A/BE23C3.45%(:`O5%c'\QZ/B<�� ,C%�O54X'9-A/BE23CR>,CgB4[%�E� 
M %�1@E �[,�� � |�Q�1>?�3� dE �5,
12%�,
%(,
P0-A<B%(?[ab<5'�Q(3 �x3.45%(,�1>%�,
-04�4[% P0abE2<B%(,C% %(P0%�4X'C,C/BE!t '9,CO5E23C)+/B,8'\Q/B< �

0
R2PA-A?5%�,N12%(,.r�/B,@�! 
$&%�E>E2%�?!-A12%�E 4 O5E D212EX7�'C'C%�3@'9-AP O['6pZE>12%sP0-0<5%(?[ab<5'9%(E�r�/B,N387!3 t

'9%(:n%c'\ +?B%�1 O['6:nO5E2-A)2D2PA%�,C%J:n%(1 r�/B,C:=P0%(E�/d?B%�E!r�/B,�Q�E �5,
U0 = 0

r
�5,N:nO5E�Qy3.'9O512-0<�?5%�1
�Be

◦
k �

log(K) =
z ∗ U	
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∆H

� R+%�3C4�,.-A?B%(,
YX?B/B,.:n%(<B%(' %(E2%�,.<B-h12%�, <��5, A �+� -23.7�38'9%�:=%(' ?B%(1`%(E`,C%�O54X'9-A/BE�QB,.%�<BE2%c' :n%(1=r�/B,8'9%(<BE� X$&%(,
<XabPA12%�,xO[' �
∆H > 0 =

%(E212/5'C%�,C:=)2,./!}(%�3
∆H > 0 =
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�m-AE212-0E><B3C%(E�'CYZO5PA)2-�%�,�12%�E�%(E2%�,.<B-!1>%�, 3.4 O5PX'9-0PXr�/B,�O['�R2,.7�12%m%�E R2-AE212-AE2<2Qd%�PAP0%(,�YX?5/B,C:=%�<B%c'
12%(,xr�,.-0<B-#?B%(3b?B%�1�1ZO5E2E>%�P03.%�E�O[r�12-A'.'9/2 
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E>-A?B%�O5D� 
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:=%�1qYX?B%�,*3C-AE�-A/BE2-A3C%�,.%�12%6P0O512E2-AE2<2 
� � � � 	h�h�!
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