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Q�U N�U-M-Q�U�V�N�_�N�U�X8X4M-Q?X(\3Z8R�Q�Y,O�N�Y)X4M-Q�U P�U�N#P?S�X4M�N#X&N�V�M-U�\3y-]�N�Z8P�k-N�Y&Q?X&\�U�O Z&N4^

k-Q�Y&Q?X&N�R3i�f L(M�\3Z \3Z 8�U�P?j:U Q?Z#V�P�_ k-P�]-U�W N�U-M-Q�U�V�N�_�N�U�X�f z _�P�Y,N W-N�X4Q?\3R3N�W

W-N�Z&V�Y,\�k�X&\3P�U P?SDX4M�N�Z&N8X&N�V�M-U�\3y-]�N�Z8V�Q�U [-N8S�P�]-U�W \�U b�c�c	9�e,f

z Z4]-Y,h�N�i�P?STX4M�N:[�\�[�R3\3P�O�Y&Q�k-M�i P�U M�N�Q?X�X4Y&Q�U�Z,S�N�Y�N�U-M-Q�U�V�N�_�N�U�X)\�U�W-\3V�Q?X&N�Z

X4M-Q?XDX4M�N8Q?V�V�]-_�]�R�Q?X&N�W R3\3X&N�Y&Q?X4]-Y,N:\3Z�N�a�X&N�U�Z&\3h�N8Q�U�W X4M-Q?XDX4M�N:R�Q�Y,O�N�Z&X�k-P�Y,X&\3P�U

P?S(X4M�N k-]-[�R3\3V�Q?X&\3P�U�Z \3Z�Z&\3X4]-Q?X&N�W Q�S�X&N�Y�c�{�:�:-f L(M�N Q?V�X4]-Q?R)Y&Q?X&N P?S(R3\3X&N�Y&Q?X4]�^

Y,N O�N�U�N�Y&Q?X&\3P�U M-Q?Z�U�P?j Z&X4Q�[�\3R3\3Z&N�W Q?X�Q�[-P�]�X<;�=�= k-Q�k-N�Y,Z Q�U�W Y,N�k-P�Y,X&Z k-N�Y

i�N�Q�Y#b�c�d�e,f8L(M�\3Z8\3Z#Q�[-P�]�X�c	= k-N�Y,V�N�U�X8P?S�X4M�N�O�R3P�[-Q?RDM�N�Q?X:X4Y&Q�U�Z,S�N�Y(R3\3X&N�Y&Q?X4]�^

Y,N�f ��U-M-Q�U�V�N�W M�N�Q?X#X4Y&Q�U�Z,S�N�Y#_ Q�i R3N�Q?W X&P Y,N�W�]�V�N�W N�U�N�Y,O�i V�P�U�Z4]-_ k�X&\3P�U;f

>(P?j)N�h�N�Y�q�j(\3X4M X4M�N�V�]-Y&Y,N�U�X:N�U�N�Y,O�i k-Y,\3V�N�Z�qTX4M�N�Y,N#\3Z#R3\3X&X&R3N�w;U-Q�U�V�\�Q?R�Y,N�Q?Z&P�U

X&P Z4Q�h�N#N�U�N�Y,O�i�f*?(Z4]-Q?R3R3i�qTN�U-M-Q�U�V�N�_�N�U�X#\3Z#Q�k-k�R3\3N�W X&P Z4Q�h�N#Z4k-Q?V�N

o

Z4_ Q?R3R3N�Y

M�N�Q?X N�a�V�M-Q�U�O�N�Y,Z

p

q(Y&Q?X4M�N�Y�X4M-Q�U X&P Y,N�W�]�V�N N�U�N�Y,O�i V�P�Z&X&Z�f @�X \3Z N�a-k-N�V�X&N�W

X4M-Q?X(N�U-M-Q�U�V�N�W M�N�Q?X(X4Y&Q�U�Z,S�N�Y(j(\3R3RDQ?Z&Z4]-_�N#N�h�N�U O�Y,N�Q?X&N�Y)\�_ k-P�Y,X4Q�U�V�N�j:M�N�U

N�U�N�Y,O�i k-Y,\3V�N�Z8Y,\3Z&N#Q?O�Q?\�U b�c�d�e,f
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>(N�Q?X#X4Y&Q�U�Z,S�N�Y8N�U-M-Q�U�V�N�_�N�U�X \3Z [-N�V�P�_�\�U�O j(\3W-N�R3i N�_ k�R3P?i�N�W \�U \�U�W�]�Z,^

X4Y,\�Q?R�M�N�Q?X�N�a�V�M-Q�U�O�N�Y,Z�q�k-Q�Y,X&\3V�]�R�Q�Y,R3i�\�U [-P�\3R3N�Y,Z�q�Q�U�W�\3Z)]�Z&N�W�\�U�X4M�N(k-P?j)N�Y�\�U�^

W�]�Z&X4Y,i�q�k-Y,P�V�N�Z&Z�\�U�W�]�Z&X4Y,i Q�U�W \�U M�N�Q?X&\�U�O�q�h�N�U�X&\3R�Q?X&\�U�O Q�U�W Q?\�Y0^0V�P�U�W-\3X&\3P�U�\�U�O

o

>���z:g

p

f	��U-M-Q�U�V�N�_�N�U�XDX&N�V�M-U�P�R3P�O�i8\3ZDZ&X&\3R3R�R�Q�Y,O�N�R3i#N�a-k-N�Y,\�_�N�U�X4Q?R�q�Q?R3X4M�P�]�O�M

Q�U-Q?R3i�X&\3V�Q?R�Q�U�W U�]-_�N�Y,\3V�Q?R-W-N�Z&V�Y,\�k�X&\3P�U�Z)P?S�X4M�N)h?Q�Y,\3P�]�Z�X&N�V�M-U�P�R3P�O�\3N�ZDO�Q?\�U�\�U�^

X&N�Y,N�Z&X�fDL(M�N#k-]-[�R3\3Z4M�\�U�O P?SDU�N�j �,P�]-Y&U-Q?R3Z(Z4]�V�M Q?Z)X4M�N����

���

�
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Q�U�W Z&X4]�W-\3N�Z Z4]�V�M Q?Z�X4M�N k-Y,N�Z&N�U�X W-N�_�P�U�Z&X4Y&Q?X&N X4M�\3Z _�P�Y,N

S0]-U�W�Q�_�N�U�X4Q?R�Q�k-k-Y,P�Q?V�M;f

E:F�� 
 ����������� G �����

H �

�����

I

�

�

�

\�U�V�N [-P�\3R3\�U�O \�U�h�P�R3h�N�Z:`;]�\3W _�P�X&\3P�U;q-\3X:\3Z8V�R�Q?Z&Z&\2w�N�W Q?Z8Q�V�P�U�h�N�V�X&\3h�N�_�P�W-N

P?S(M�N�Q?X#X4Y&Q�U�Z,S�N�Y�f#L(M�N X&N�Y&_ [-P�\3R3\�U�O \3Z�]�Z&N�W j:M�N�U N�h?Q�k-P�Y&Q?X&\3P�U P�V�V�]-Y,Z�Q?X

Q�R3\3y-]�\3W�^0h?Q�k�P�]-Y8\�U�X&N�Y0S0Q?V�N�f @0U Q?W-W-\3X&\3P�U X&P X4M�N8R�Q?X&N�U�X8M�N�Q?X(P?SDh?Q�k-P�Y,\3Z4Q?X&\3P�U

� ��!

q)X,j)P P�X4M�N�Y k-Q�Y&Q�_�N�X&N�Y,Z Q�Y,N \�_ k-P�Y,X4Q�U�X j:M�N�U V�M-Q�Y&Q?V�X&N�Y,\3Z&\�U�O [-P�\3R3\�U�O

k-Y,P�V�N�Z&Z&N�Z l X4M�N Z4]-Y0S0Q?V�N X&N�U�Z&\3P�U " [-N�X,j)N�N�U X4M�N R3\3y-]�\3W Q�U�W X4M�N h?Q�k-P�]-Y

Q�U�W X4M�N W-N�U�Z&\3X,i W-\2xTN�Y,N�U�V�N [-N�X,j)N�N�U [-P�X4M k-M-Q?Z&N�Z�f 7�P�\3R3\�U�O _ Q�i P�V�V�]-Y

]-U�W-N�Y�h?Q�Y,\3P�]�Z V�P�U�W-\3X&\3P�U�Z�f 7�P�\3R3\�U�O k-Y,P�V�N�Z&Z&N�Z Q�Y,N _ Q?\�U�R3i V�Q?X&N�O�P�Y,\3Z&N�W Q?Z

k-P�P�RD[-P�\3R3\�U�O P�Y:Q?Z(S�P�Y,V�N�W V�P�U�h�N�V�X&\3P�U [-P�\3R3\�U�O�f<@0U k-P�P�RD[-P�\3R3\�U�O�q�X4M�N#R3\3y-]�\3W

\3Z Z&X4Q?O�U-Q�U�X#Q�U�W X4M�N P�U�R3i _�P�X&\3P�U P�V�V�]-Y&Y,\�U�O U�N�Q�Y#X4M�N M�N�Q?X&\�U�O Z4]-Y0S0Q?V�N \3Z

W�]�N X&P S0Y,N�N V�P�U�h�N�V�X&\3P�U;f @0U S�P�Y,V�N�W V�P�U�h�N�V�X&\3P�U [-P�\3R3\�U�O�q:`;]�\3W _�P�X&\3P�U \3Z

\�U�W�]�V�N�W [�i N�a�X&N�Y&U-Q?RDS�P�Y,V�N�Z�f 7�P�\3R3\�U�O V�Q�U Q?R3Z&P [-N V�R�Q?Z&Z&\2w�N�W Q?Z#Z4Q?X4]-Y&Q?X&N�W

P�Y)Z4]-[-V�P�P�R3N�W [-P�\3R3\�U�O�f @0U Z4]-[-V�P�P�R3N�W [-P�\3R3\�U�O�q;X4M�N#[-]�R�8 X&N�_ k-N�Y&Q?X4]-Y,N8P?S�X4M�N

R3\3y-]�\3W \3Z [-N�R3P?j X4M�N Z4Q?X4]-Y&Q?X&\3P�U X&N�_ k-N�Y&Q?X4]-Y,N Q�U�W [-]-[-[�R3N�Z�S�P�Y&_�N�W Q?X8X4M�N

Z4]-Y0S0Q?V�N _ Q�i V�P�U�W-N�U�Z&N Q�U�W V�P�R3R�Q�k�Z&N \�U X4M�N R3\3y-]�\3WTf @0U Z4Q?X4]-Y&Q?X&N�W [-P�\3R3\�U�O

X4M�N#X&N�_ k-N�Y&Q?X4]-Y,N8\3Z:Z&R3\3O�M�X&R3i M�\3O�M�N�Y:X4M-Q�U X4M�N8Z4Q?X4]-Y&Q?X&\3P�U X&N�_ k-N�Y&Q?X4]-Y,N#Q�U�W

[-]-[-[�R3N�Z _�P?h�N�X4M-Y,P�]�O�M X4M�N R3\3y-]�\3W [�i [-]�P?i�Q�U�V�i S�P�Y,V�N�Z�f L(M�\3Z#j)P�Y-8 W-N�Q?R3Z

j(\3X4M Z4Q?X4]-Y&Q?X&N�W k-P�P�R([-P�\3R3\�U�O�q(Q _�P�W-N P?S8[-P�\3R3\�U�O N�U�V�P�]-U�X&N�Y,N�W \�U Q R�Q�Y,O�N

U�]-_�[-N�Y(P?S�M�N�Q?X(N�a�V�M-Q�U�O�N�Y,Z:Q�U�W \�U�W�]�Z&X4Y,\�Q?RDk-Y,P�V�N�Z&Z&N�Z�f

#�$&%'$(# ) *�+(,(+(-/. 0 1�243'5

6:]�8�\3i�Q�_ Q b87�d�e�j(Q?Z)X4M�N8w;Y,Z&X(X&P�\3W-N�U�X&\2S�i W-\2xTN�Y,N�U�X8Y,N�O�\�_�N�Z(P?S�k-P�P�R�[-P�\3R3\�U�O

]�Z&\�U�O Q�U N�R3N�V�X4Y,\3V�Q?R3R3i M�N�Q?X&N�W 6(\3V�8?N�R2^,g(M-Y,P�_�N

o

6(\2^,g(Y

p

j(\�Y,N Z4]-[-_�N�Y,O�N�W \�U

Q k-P�P�R8P?S�j(Q?X&N�Y�f >(N W-N�X&N�Y&_�\�U�N�W X4M�N M�N�Q?X `;]�a S0Y,P�_ X4M�N j(\�Y,N X&P X4M�N

j(Q?X&N�Y�[�i�_�N�Q?Z4]-Y,\�U�O8V�]-Y&Y,N�U�X�Q�U�W X4M�N)h�P�R3X4Q?O�N�W�Y,P�k;fDL(M�N)j(\�Y,N(X&N�_ k-N�Y&Q?X4]-Y,N

j(Q?Z P�[�X4Q?\�U�N�W S0Y,P�_ X4M�N 8�U�P?j(R3N�W-O�N P?S�X4M�N X&N�_ k-N�Y&Q?X4]-Y,N W-N�k-N�U�W-N�U�V�N P?S

X4M�N j(\�Y,N Y,N�Z&\3Z&X4Q�U�V�N�f >(N k�R3P�X&X&N�W X4M�N M�N�Q?X `;]�a t Q?Z Q S0]-U�V�X&\3P�U P?S#X4M�N

X&N�_ k-N�Y&Q?X4]-Y,N:W-\2xTN�Y,N�U�V�N#[-N�X,j)N�N�U X4M�N:j(\�Y,N8Q�U�W X4M�N:Z4Q?X4]-Y&Q?X&N�W R3\3y-]�\3W 9�s

m

s;: < s�=(>�?�X&P#P�[�X4Q?\�U k-Q�Y,X�P?S�X4M�N8[-P�\3R3\�U�O V�]-Y,h�N:P?SDk-P�P�RT[-P�\3R3\�U�O

o

w�O�]-Y,N�c�f�c

p

f

L(M�N:N�a-k-N�Y,\�_�N�U�X(M�N(V�Q�Y&Y,\3N�W P�]�X�\3Z)Y,N4S�N�Y&Y,N�W X&P�Q?Z�k-P?j)N�Y0^0V�P�U�X4Y,P�R3R3N�W M�N�Q?X&\�U�O
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j:M�N�Y,N X4M�N N�a�V�N�Z&Z X&N�_ k-N�Y&Q?X4]-Y,N \3Z X4M�N W-N�k-N�U�W-N�U�X h?Q�Y,\�Q�[�R3N Q�U�W X4M�N M�N�Q?X

`;]�a X4M�N8\�U�W-N�k-N�U�W-N�U�X#h?Q�Y,\�Q�[�R3N�f

�

U�N:_ Q�i�Q?R3Z&P#N�Z&X4Q�[�R3\3Z4M�X4M�N:[-P�\3R3\�U�O�V�]-Y,h�N:[�i�V�P�U�X4Y,P�R3R3\�U�O#X4M�N(j(Q?R3R-X&N�_#^

k-N�Y&Q?X4]-Y,N)\�U�Z&X&N�Q?W�P?S;X4M�N(M�N�Q?XT`;]�a;f1@0U�X4M-Q?X�V�Q?Z&N�X4M�N)V�P�_ k�R3N�X&N:[-P�\3R3\�U�O#V�]-Y,h�N

Q?Z:Z4M�P?j:U \�U w�O�]-Y,N c�f

�

\3Z8P�[�X4Q?\�U�N�WTf �8\2xTN�Y,N�U�X8_�P�W-N�Z8P?S)k-P�P�R�[-P�\3R3\�U�O V�Q�U

[-N#P�[�Z&N�Y,h�N�W Q?V�V�P�Y,W-\�U�O X&P X4M�N8h?Q?R�]�N#P?SDX4M�N8Z4]-k-N�Y&M�N�Q?X�q;9�s#f

z(X8R3P?j Z4]-Y0S0Q?V�N�X&N�_ k-N�Y&Q?X4]-Y,N�Z#Q�U�W R3P?j M�N�Q?X:`;]�a�N�Z�U�P [-P�\3R3\�U�O P�V�V�]-Y,Z�q

\�f N�f U�P h?Q�k-P�]-Y [-]-[-[�R3N�Z N�a�\3Z&X�q)Q�U�W M�N�Q?X \3Z X4Y&Q�U�Z,S�N�Y&Y,N�W X4M-Y,P�]�O�M U-Q?X4]-Y&Q?R

V�P�U�h�N�V�X&\3P�U;f ��P�Y:M�N�Q?X)`;]�a�N�Z#M�\3O�M�N�Y:X4M-Q�U Q V�N�Y,X4Q?\�U h?Q?R�]�N�X4M�N#N�a�V�N�Z&Z8X&N�_#^

k-N�Y&Q?X4]-Y,N�\3Z#Z4]�r V�\3N�U�X8X&P \�U�\3X&\�Q?X&N h?Q�k-P�]-Y#[-]-[-[�R3N�Z#\�U Z4_ Q?R3RDV�Q�h�\3X&\3N�Z8P?S�X4M�N

M�N�Q?X&N�W Z4]-Y0S0Q?V�N�Q�U�W [-P�\3R3\�U�O [-N�O�\�U�Z�f:L(M�\3Z8k-P�\�U�X:\3Z 8�U�P?j:U Q?Z(X4M�N

�

U�Z&N�X:P?S

6:]�V�R3N�Q?X&N<7�P�\3R3\�U�O

o

�

6 7

p

f

L(M�N�U�]-_�[-N�Y)P?S�Q?V�X&\3h�N#U�]�V�R3N�Q?X&\3P�U Z&\3X&N�Z(\�U�V�Y,N�Q?Z&N�Z(S0]-Y,X4M�N�Y)j(\3X4M X&N�_ k-N4^

Y&Q?X4]-Y,N�f�z(X�R3P?j)N�Y�X&N�_ k-N�Y&Q?X4]-Y,N�Z)X4M�N8[-]-[-[�R3N�Z:Q�Y,N:\3Z&P�R�Q?X&N�W Q�U�W W-N�X4Q?V�M�S0Y,P�_

X4M�N Z4]-Y0S0Q?V�N j(\3X4M�P�]�X#\�U�X&N�Y&Q?V�X&\�U�O�f L(M�N W-N�X4Q?V�M-_�N�U�X#\�U�W�]�V�N�Z�`;]�\3W _�\3a�\�U�O

U�N�Q�YTX4M�N�j(Q?R3R-Q�U�W�_�P�Z&XTP?S�X4M�N)M�N�Q?X�\3Z�X4Y&Q�U�Z,S�N�Y&Y,N�W#W-\�Y,N�V�X&R3i8S0Y,P�_ X4M�N)Z4]-Y0S0Q?V�N

X&P8X4M�N(R3\3y-]�\3W \�U _�P�X&\3P�U Q?XDX4M�N)Z4]-Y0S0Q?V�N�f�z(X)M�\3O�M�N�YDZ4]-Y0S0Q?V�N(Z4]-k-N�Y&M�N�Q?X&Z�q�_�P?^

Y,N:V�Q�h�\3X&\3N�Z:[-N�V�P�_�N#Q?V�X&\3h�N#Q�U�W \�U�V�Y,N�Q?Z&N�W [-]-[-[�R3N8S�P�Y&_ Q?X&\3P�U�V�Q�]�Z&N�Z:[-]-[-[�R3N
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\�U�X&N�Y0S�N�Y,N�U�V�N Q�U�W V�P�Q?R3N�Z&V�N�U�V�N�f L(M�N h?Q�k-P�]-Y#N�Z&V�Q�k-N�Z X4M-Y,P�]�O�M �,N�X&Z�P�Y8V�P�R2^

]-_ U�Z�S�P�Y&_�\�U�O Z&R�]�O�Z P?S(h?Q�k-P�]-Y�\�U X4M�N R3\3y-]�\3WTf @0U�X&N�Y0S�N�Y,N�U�V�N [-N�X,j)N�N�U X4M�N

U�]-_�N�Y,P�]�Z)[-]-[-[�R3N�Z(\�U-M�\�[�\3X&Z(X4M�N:_�P�X&\3P�U�P?STR3\3y-]�\3W U�N�Q�YDX4M�N(Z4]-Y0S0Q?V�N�f1>(N�Q?X�\3Z

X4Y&Q�U�Z,S�N�Y&Y,N�W�[�i#X4M�N�N�h?Q�k-P�Y&Q?X&\3P�U#P?S�X4M�N(_�\3V�Y,P�R�Q�i�N�YTP?S�R3\3y-]�\3W ]-U�W-N�Y&U�N�Q?X4M#X4M�N
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b1 : state 1 is stable
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Least squares approximation
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Experiments

Berenson Corrected

Ja = 3.3
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Experiments

Berenson Corrected
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V=    0 V, El=0.00
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Isopropanol
FC-72
R113
Maximum slope
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FC-72
R113
Isopropanol
Equation (6.12)
Eq. (6.12) ± 10 %
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