
����� � ���	�
��� �
������������� ��������������������� �������	�! "�! ������#$���%�����
& ���'���$�(���� )����# ����*+�,�- )������.( /���0�1� 23�(�������$���54 6�7 �8�����$�%*9�

:�;=<?>A@?B%C(D=EGF�HJILK MN@?O=PRQS<TBVUXWY@?O+Z�<TEGF�MYK [
I]\�F�^_@?HVU
>�F�O`U(<?a-bc@dU
;eF�>1@dU
fhg�B�ieMj\�F�^_@dHkU
>�F�O`U(<?a�QSfl<mgj;=F0>1fhBkU
HVn	@dO=P

bR<TohF�g0D=op@?H%Qqfl<Toh<Tr?nTim[(sLO=BkUYfhU
DtU
F�au<TH(bR<TohF�g0D=op@?H%Qqfl<TBkg�flF0O=g�Fdi
:�;eF/v(O=fhw?F�HkBYfhULn3<da�x�D=F0F�O=Bkop@?O=PyizQSHYfhBYE_@?OeF"x�ohP�{`|`}T~tie�ND=BVU
H
@dolfp@

��HkF�g0F�O`UR@?HkUYflg�ohFcfhO�U
;=fhB�Wk<TD=HkO_@?o�������PeF�BYg0HYfhE�F0BR@9BVUj@dUYflBVU
flg�@?oN^eHYF�Peflg0UY<THAUY<�fhO=g�HkF�@?BkF5U
;=F
F0��g�fhF�O=gJn�<?a�^=Hk<?U
F0flO�g�HVntBVUj@?oholfhB
@dUYfl<TO9Bkg�HkF�F�OeB���:�;=FR@?^=^eHY<`@?gj;�flB�E_@dBYF�P�<TO�U
;=F+<TE=BkF�Hkwd@dUYfl<TO
U
;_@dU�@�g0<THYHkF�ol@dU
fh<TOAF��efhBkUYB(EGF0UL�qF�F0ORUY;=F�g�@?ohg�D=ol@dU
F0P	flBk<tF0olF0g0U
Hkflg8^�<TfhO`U�<?a�@�^=HY<?UYF�fhO�ie^=sji=@?O=P�U
;=F
P=fh��F�HkF�O=g0FAEGF0UL�qF�F�O9UY;=FA^es�@?O=P�^_C�<?aqU
;=F1BY<TohDeU
fh<TO�flO��%;=flgj;�UY;=F�^=HY<?UYF�fhO��S@?B"g0HknmBkU
@?olohflBYF0P��
Z�@dO�U
@?HYP�W�WkflF0��@?OeP��(De^=^9BY^GF�g0fh�_g�@?olo�n�g�<T>�>�F�O`U"<?O�U
;=F1op@?gj��<?a�@?O`n�BVUj@dUYflBkUYflg�@?olo�n5BYfhrTO=f��_g�@?O`U
g�<THkHYF�ol@dU
fh<TO)EGF0UL�qF�F0OA@�^=Hk<?U
F0flO� ¡B-^=s�@?O=P�^_C¢<dayg0HknmBkU
@?olohflB
@£U
fl<?O"g�<?O=P=fhUYfl<TOeB��,:�;=flB�;_@dB�E�F0F�O��SF0olo
P=<tg0D=>�F�O`U
F0P)flO�U
;=FqolfhUYF�HY@dU
D=HkF8�¤~tih¥d�t@?O=P"flB�@?olBk<(�qF�ohotD=OeP=F�HkBkU
<m<mP"flO/g�<TOeP=F�O=BkF�P�>1@dUYUYF�H�BYg0flF�Oeg�F?i
�%;=F�HkF�^G<To�nt>�F�H8>1<mP=F0o�BknmBVU
F�>�B�;_@�wTF�EGF�F0O�BVU
D=PeflF�P$UY;=F�<THkF0UYflg�@dolohnR@?B8�SF0olo�@?B�F��t^�F0HYfl>�F�O`U
@?olo�n
au<TH%@�ol<TO=r�UYfl>�F��¦{eiV§£�¨�

:�;eF)^=D=Hk^�<TBkF)<?a�UY;=flB(g�<T>�>�F�O`U�fhB(UY<	^�<?flO`UN<?DeUNUY;_@dUN�%;eflolF©U
;eF�HYF"flB�@doh�S@ªnmBN@Ag�<THkHYF0op@dUYfl<TO
E�FJUL�SF0F�O�^=s"@dO=P�^_C%«¬^=sji-f�U)flB"<?a(O=<$BYfhrTO=fh�=g�@?O=g0FA�%;=F0O�O=<$g0<THYHkF�ol@dU
fh<TO9EGF0UL�qF�F�O�^=s/@?O=P�^_C
FJ�tflBVU
B���sLrTO=<THkflO=r5UY;=flB/aX@?g0U�;_@dB�olF�@dP9U
<�@$BYF0HYfl<?D=B�>1fhBYfhO�UYF�Hk^=HYFJUj@dUYfl<TO�<?a(g�HknmBVUj@?oholflBVU
fh<TO9P_@dU
@e�
­ HknmBkU
@?olohflB
@£U
fl<?O�<?a�®uE=fl<d«]¯V^G<Tohnm>�F�HkB�flB�EGF�flOer(�%fhP=F�o�n©@?^=^=ohflF0P�fhO©>1<TohF�g0D=op@?H°Eefl<Toh<Tr?nN@?O=P"PeF�BYfhrTO=F0P
^=HY<?UYF�fhOt«LBk^�F0g�fh�=gcg�HVnmBkUj@dololfhB
@dUYfl<TO�Bkg�HYF0F�O=B+@?HkFc;=fhrT;=o�n�P=F�BkflH
@dE=olF3U
<9fhO=g�HkF�@?BkFcU
;eFcF0��g0flF�Oeg0n�<da
^=HY<?UYF�fhO9g�HVntBVUj@?oholfh±�@dUYfl<TO=B0�c²�F	E�F0olfhF0wTFdi�fhU"flB)fh>1^G<THkU
@?O`U/UY<5^=HkF0wTF0O`U�UY;=F�>�flBYg0<TO=g0F�^eUYfl<TO�UY;_@dU
BYfl>�^=ohF�^=sSg�@?olg0D=op@£U
fl<?O=BSg�@?OREGF©D=BYF0PRUY<�PeF�BYfhrTO+BYD=gj;RBYg�HkF�F0O=B��

:�;eF1ohflO=F�@?H�g�<THkHYF0op@dUYfl<TO$g0<tFJ�1g0flF0O�U/³�´ K µ EGF0UL�qF�F0O9UL�S<+wd@?HYfl@?E=olF0B8��@?O=P�nTi�BYD=gj;�@?B�^=s�@?OeP^_C/i_fhB�g�<TO`wTF0O=flF0O`U
ohn3PeF0�_O=F0PcE`n	UY;=F�fhH¶w?@dHYfp@dO=g�F0B(·=´"@?O=P3· µ iz@?O=P3U
;=F0flH�g0<�wd@?Hkfp@?Oeg�F�·=´ K µ
³�´ K µ%¸

·=´ K µ¹ ·=´�· µ
�%;eF�HYF�·=´ ¸»º�¼ I=½R¾¿ÁÀ I ®uÂ ¿,ÃÅÄÂy¯VM�i�· µ+¸Æº�¼ I=½+¾¿ÁÀ I ®XÇ ¿,ÃÈÄÇe¯]M�@?O=P�·=´ K µ�¸»º$¼ Iz½3¾¿ÁÀ I ®uÂ ¿,ÃÄÂ�¯�®XÇ ¿zÃÉÄÇt¯JÊ ÄÂ$@dO=P ÄÇAP=F�O=<dU
F©U
;=F�@?HkfhU
;e>1FJU
flg�@ªw?F�HY@?rTF�B(<?a�U
;=F©P_@dU
@�Â5@?O=P+Ç�ieHYF�Bk^�F0g0UYfhwTF0ohn?�SË_<THD=O=g�<?HYHYF0op@dUYF�P+P_@dU
@�·=´ K µ flB%±�F0HY<�@?O=PR@?B(@�HYF0BYD=o�U8³0´ K µ flB%@dolBY<�±0F�HY<e�
Ë_Hk<T>ÌU
;=fhBNP=FJ�_O=f�U
fl<?ORf�UNfhB8O=<ª�Í@?ohBY<ABVU
HY@?flrT;`Ukau<THk�S@?HYP+U
<��%HYfhUYF/UY;=F"g0<THYHkF�op@£U
fl<?ORg0<tFJ�1g0flF0O�U

E�FJUL�SF0F�OcÂc@?O=P+Ç Ã Â
³�´ K µ ¼ ´ ¸

·=´ K µ Ã ·=´Î ·=´t®u·=´¶Ï�· µ Ã ~d·=´ K µ ¯
Ë_<THAD=O=g�<?HYHYF0op@dUYF�PÐP_@dU
@Ð®X·=´ K µ�¸ |`¯�i(UY;=F$g�<?HYHYF0op@dUYfl<TO¢g�<mF0��g�fhF�O`U3E�FJUL�SF0F�OÐ�Ð@?O=P���«¬n¢flB

O=F�r`@£U
fhw?F�@?O=P3<?a,U
;=F©BYfh±�F Ñ ÒjÓÑ ÒjÓjÔ=ÒjÕ �:�;eflBAfhB�wmfhBYD_@?ohohn�fholohD=BkUYH
@dUYF�P�D=BYfhO=r��ª|tiÖ|T|?|�^=s�@dO=P¢^_C»P_@dU
@�P=fhBkU
HkflE=DtU
F�P�H
@?OeP=<T>�ohn�@?OeP
D=O=fhau<?HY>�ohn3<ªwTF0H©UY;=F)auD=oho�^_C×HY@?O=rTF+®XË�flr?D=HYF1���Ø@?O=P�Q�¯J�yË�flr?D=HYF	� ­ @?O=P�\×�qF�HYF�^=Hk<tPeD=g�F0P
D=BYfhO=r5U
;=F�BY@?>�F�@?O_@?o�nmBYflB/U
;_@dU�Z�@dO�U
@?HYP�W�WkflF0�¢@?O=P��%D=^=^�D=BkF�P�U
<$^=Hk<tPeD=g�F	�_r?D=HYF�¥5fhO9U
;=F0flH
^_@?^GF�H�i8@?O=P��%;eflgj;ÙolF�@?P�U
;eF�> UY<�U
;eF$g�<TO=g0olD=Bkfl<TO¢ÚTs¬U�flBAg�olF�@?H1UY;_@dU�E=@?BYfhg5^=HY<dU
F�fhO=B	;_@�w?F�@
U
F�OeP=F�O=gJn�UY<5g�HVntBVUj@?oholfh±�F1|e�Û§ª«]¥c^_CÈD=O=f�U
B"EGF�oh<ª�ÅU
;=F0flH"^esji��%;=F0HYF�@dB�@?g�fhP=flg�^=HY<dU
F�fhO=B"^eHYF0auF0H"U
<
g�HknmBVUj@?oholfl±0F"|�«V~t�Ö§1^_C�DeO=fhUYB�@?EG<ªwTF)U
;eF�flH8^=sj�¡Ú	²�F)PeF�>�<TO=BkUYH
@dUYF�P$;=F0HYF"UY;_@dU8U
;=fhB�g�<TOeg�olDeBYfl<?O5flB
E_@?BYF0P�<TO�>�flBYfhO`U
F�Hk^=HYFJUj@dUYfl<TO�<?a�UY;=F	P_@dU
@5@?O=P�BY;=<TDeolP9O=<dU�E�F1D=BYF0P�U
<5rTDeflP=F1g�HknmBVUj@?oholflBY@dU
fh<TO
FJ�t^�F0HYfh>1F0O�UYB%D=O`U
flo�@�g0<THYHkF�op@£U
fl<?O	E�FJUL�SF0F�OAÜ_ÝÞ@dO=P�Ü=ßAflB�PeF�>�<TO=BkUYH
@dUYF�P��

à�á�â°ã�ätå1æuçtè�ézçmê�çmã�ë`ì QSZ�flB%@?O+í8C�bc� ­ ËzF0oloh<��©�
�



î � & �������$�%���
�Á���"ïAð,ñ°òmð�ó°ô,õJö�÷Gøtøyù�ï5ú�@?O=P�û/ü�ýzý�ùNþ�úui$ÿ�Hk<?U
F0flO�fhBY<mF�ohF�g0UYHYfhg1^G<TflO`U"@?B)@R^=HYF0P=flgJU
<TH©au<TH"fhOt«

g0HYF�@dBYF�P�g�HVnmBkUj@dololfh±�@dUYfl<TO�BYg0HYF0F�O=fhO=r�FJ��g�flF0O=g0n?i����������
	
���
������������i�\���s��¶��|e�h��|��T¥��dEefl<TfhOeau<THV«
>1@dU
fhg�B��dEeU
;=|����3®¨~d|T|?{�¯��

�¤~£� �-ð"!�÷,ù%û�ú�i$#1ó"%`÷'&)(,ñ�ö�*qù,+�ú�ï5ú�i$-�ð,ñ°ð/.�÷10�ù,2�ú�3 ú�i4+yýGó�ð5!4!46�ñ�ù,#Rúui�ï	ó°÷zü708&5(�ù:9+úui
ï	ü7(�ñ�ù;�)ú�i4+yò�÷<.�÷zñ70�ù�û�ú=-�ú�i�@?O=P?>S÷108@�÷BA¶ùC+�úD9+ú�i�Et;=<?UYrTD=O�g�HVnmBkUj@dololfh±�@dUYfl<TOcBkU
HY@dU
F0r?n
au<TH1BkUYHYD=gJU
D=HY@?oNrTF0O=<T>�flg0BF��@?O�<T^tU
fl>�fl±0F�P�UL�S<d«¨U
fhF�HYF0P�g�HVnmBkUj@dololfh±�@dUYfl<TO�BYg0HYF0F�O @?r`@?fhO=BkU1U
;=F
:�;=F0HY>�<?U
<?r`@)>A@dHYfhUYfl>1@/^=Hk<?U
F0<T>�F?iHGI�J�K�ML4�
NO�J�KPRQTS1U°iy�ª|`~�V8Wz�ª|T¥`}�® ~?|T|T¥`¯��

�¡¥d�YXZ6[6R( ùD2�ú4X»úui�ï	ö�ô,ôqù�û�ú$\Rúui]3¢ð,ótò�ö�ñ ù^2�ú_>Nú�iG@?O=P$ï`6Ray÷�ù�þ1ú�i ­ <T>�^_@?HkflBk<TO3<?a-U
;eHYF�F
g0<T>1>�F�Hkg�fl@?o�Bk^_@?HkBYFJ«¬>A@£U
HYfÁ��g0HknmBkU
@?olohfl±�@£U
fl<?O	BYg0HYF�F0O=B�i:G,�J���ML4�
N8�J��PbQTS1U°iG}c���8We}T}?~�®¨~?|T|?¥`¯J�

�¦{?�"þ�÷1@/@d6�ñ,öLù1>8úui ­ <Tohol<TfhP_@?o?fhO`U
F�HY@?g0UYfl<TOeB�ifeBPhgHi/NO�FP"L^���'j/kJ�B�FP/lm���n�okJ�_phq�id�N§£{��8Wt�8§�V`}�® ~?|T|T|T¯J�
�¤§£� r%ó°÷zñ7*�÷1@zù4\cú�iHEt<?a�U%g0<TO=P=F0O=BYF0Pc>1@dUYUYF�H�iDg_i/NO�J���s�tGvu"p/u°i°�
Wt¥e�1®¨~?|?|`~T¯J�

0 2 4 6 8 10 12 14
pI

0

2

4

6

8

10

12

14

pH

A

0 2 4 6 8 10 12 14
pI

−14

−12

−10

−8

−6

−4

−2

0

2

4

6

8

10

12

14

pH
−

pI

B

r=−0.706

−14 −10 −6 −2 2 6 10 14
pH − pI

0

100

200

300

400

fr
eq

ue
nc

y

pI > 7 C

−14 −10 −6 −2 2 6 10 14
pH − pI

0

100

200

300

400

fr
eq

ue
nc

y

pI < 7 D

Ë�flrTDeHYFA���/�ª|tiÖ|T|?|AD=O=f�au<THY>�ohn?iGHY@?O=P=<?>1o�nRPeflBkUYHYfhE=DeU
F0P5^=sji�^_C×P_@dU
@e��� ��^_CÍwTF0HYBkD=B©^=sj�°QI��^_C%«
^=s�wTF0HYBYDeB�^=sj��QqF�g�@dD=BYF)Ü_ß�@dO=PcÜzÝ @?HYF1D=O=fhau<?HY>�H
@dO=P=<T> <ªwTF0H"U
;=F1B
@?>�FAHY@?O=rTFdi-·�w
x�yÆ·�wJz
@?O=P�³�w
x K w{z ¼ w
x�y ~ ¼$|} � ­ ��auHYFF~�D=F0O=g0n�P=fhBkUYHYflEeDeU
fh<TO5<?aq^_C%«¬^=s8au<?H�P_@dUj@�P_@£Uj@	�%fhUY;�^es���}t��\t�
auHYFF~�D=F0O=g0n+P=fhBkUYHYflEeDeU
fh<TO	<?a�^_C%«¬^=sqau<?H�P_@dUj@�P_@£Uj@)�%fhUY;R^=sC�Ù}t�

~


