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hklZltd

:edhohebl_�k�gbkdZ�fhe_dmegZ�fZkZ�kZ�jZal\hjbfb�\t\�\h^Z��ltc�dZlh�]jmiZlZ��HG
h[jZam\Z�\h^h^jh^gb�\jtadb�k�\h^gbl_�fhe_dmeb,�Z�ob^jhnh[ghkllZ�gZ�fZedbl_�Ze�
dbeh\b�]jmib�\eby_�hlghkbl_egh�keZ[h��K�gZjZkl\Zg_�gZ�[jhy�gZ�\t]e_jh^gbl_�Zlh�
fb�ihkl_i_ggh�gZ^^_ey\Z�\ebygb_lh�gZ�g_iheyjgby� Zedbeh\�hklZltd�b�hllmd� jZa�
l\hjbfhkllZ�\t\�\h^Z�k_�ihgb`Z\Z��:edhohebl_�k�_^bg�^h�ljb�\t]e_jh^gb�ZlhfZ�k_
kf_k\Zl�k�\h^Z�\t\�\kydh�hlghr_gb_�

��:edhohe JZal\hjbfhkl

(g/100 ml H2O)
Q�[mlbeh\ �

Q�i_glbeh\ 2
Q�o_dkbeh\ 1

Ih�\bkrbl_�Zedhoheb�bfZl�fgh]h�fZedZ�jZal\hjbfhkl�\t\�\h^Z��gh�kZ�^h[j_ jZal\h�
jbfb�\�_l_j��oehjhnhjf��Zp_lhg�b�l�g�

Nb]�����BgnjZq_j\_gb�ki_dljb�gZ���_lbe���i_glZghe�b�gZ�����^bf_lbe���i_glZghe
�ki_dljbl_ gZ ^\_l_ \_s_kl\Z kZ aZkg_lb [_a jZal\hjbl_e� klj_edZlZ ihkhq\Z b\bpZlZ aZ k\h[h^gZ

ob^jhdkbegZ ]jmiZ� rbjhdZlZ bgl_gab\gZ b\bpZ k_ ^te`b gZ f_`^mfhe_dmegb \h^hjh^gb \jtadb�

BgnjZq_j\_gb� ki_dljb�� <Ze_gl_gbl_� lj_il_gby� gZ� \jtadZlZ� O�G� ij_^ba\bd\Zl
hkljZ�b\bpZ�gZ�ih]etsZg_�\�h[eZkllZ�����������cm��

��Nb]������:dh�h[Zq_�ki_dltjtl
gZ�^Z^_g�Zedhohe�beb�n_ghe�k_�aZkg_f_�\�dhgp_gljbjZg�jZal\hj� �gZijbf_j�����\
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l_ljZoehjf_lZg���lh�gZj_^�k�ihkhq_ghlh�ih]etsZg_�aZ�k\h[h^gZ�ob^jhdkbegZ�]jmiZ
k_�gZ[ex^Z\Z�b�rbjhdZ�b\bpZ�hl� �����^h� �����cm��

��h[mkeh\_gZ�hl� ZkhpbbjZgbl_
ob^jhdkbegb�]jmib��l��_��l_ab��dhblh�mqZkl\Zl�\�f_`^mfhe_dmegb�\h^hjh^gb�\jtadb�
Ijb� jZaj_`^Zg_lh� gZ� jZal\hjZ� bgl_gabl_ltl� gZ� lZab�rbjhdZ� b\bpZ� gZfZey\Z� b� \
jZaj_^_g�jZal\hj��ijbf_jgh�10��

�mhl�l)�hklZ\Z�ijZdlbq_kdb�kZfh�b\bpZlZ�ijb������
�����cm��

��:dh�ijb�jZaj_`^Zg_�bgl_gabl_ltl�gZ�rbjhdZlZ�b\bpZ�ih^������cm-�
�g_�k_

ih\eby\Z��lh\Z�_�^hdZaZl_ekl\h�aZ�\tlj_rghfhe_dmegZ�\h^hjh^gZ�\jtadZ. B\bpZlZ
aZ�\Ze_glghlh�lj_il_g_�gZ�\jtadZlZ�K²H�_�f_`^m������b������FP��

��l��_��\�h[eZkllZ
gZ��hli_qZltdZ�gZ�iZe_pZ���b�ljm^gh�k_�b^_glbnbpbjZ�
�
+�YFJ�Ki_dljb��Ob^jhdkbegbyl�ijhlhg�gZ�Zedhohebl_�h[bdgh\_gh�^Z\Z�kbg]e_l
f_`^m���b���f��q��ih�δ�kdZeZlZ��MqZklb_lh�\t\�\h^hjh^gb�\jtadb�ijbqbgy\Z�baf_kl�
\Zg_� gZ� kb]gZeZ� dtf� ih�keZ[hlh� ihe_� �����f�q����Kibg�kibgh\h� \aZbfh^_ckl\b_� k
ijhlhgbl_�ijb�ktk_^gby�\t]e_jh^_g�Zlhf�h[bdgh\_gh�g_�k_�gZ[ex^Z\Z�ihjZ^b�[tj�
aby�h[f_g�gZ�ijhlhgbl_�hl�]jmiZlZ��HG��dhclh�k_�dZlZebabjZ�hl�dbk_ebgb��GZijb�
f_j�\�gZc�mihlj_[y\Zgbl_�jZal\hjbl_eb�KDKl3�b�KKl4�\bgZ]b�bfZ�ke_^b�hl�GKl�

Nb]�����
�G�YFJ�Ki_dltj�gZ�[_gabeh\�Zedhohe�

GZ�Nb]�� �� _�^Z^_g�YFJ�ki_dltjtl�gZ�[_gabeh\by� Zedhohe��Ijb�^h[Z\yg_�gZ�D2H
dtf�ijh[ZlZ�\h^hjh^tl�k_�h[f_gy�k�^_ml_jbc�b�kb]gZetl�aZ��HG�baq_a\Z��Ih�lZdt\
gZqbg�e_kgh�k_�b^_glbnbpbjZl�kb]gZebl_�gZ�ob^jhdkbegbl_�ijhlhgb�

Ijb�n_ghebl_��Nb]�����ijhlhgh\byl�kb]gZe�gZ�]jmiZlZ��HG�k_�gZ[ex^Z\Z�dZlh�kbg�
]e_l�\�h[eZkllZ������f�q��²�\�aZ\bkbfhkl�hl�ijbjh^ZlZ�gZ�jZal\hjbl_ey��l_fi_jZlm�
jZlZ��dhgp_gljZpbylZ�beb�hl�gZebqb_lh�gZ�\h^hjh^gb�\jtadb�
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Nb]������G�YFJ�Ki_dltj�gZ�n_ghe�

���Obfbqgb�k\hckl\Z

Dbk_ebggh�hkgh\gb�\aZbfh^_ckl\by��Iheh`bl_egbyl�bg^mdpbhg_g�_n_dl�gZ�Ze�
dbeh\bl_�]jmib�R�hlqZklb�gZfZey\Z�iheyjbaZpbylZ�gZ�ob^jhdkbegZlZ�]jmiZ�b�aZlh�
\Z�Zedhohebl_�kZ�ih�keZ[b�dbk_ebgb�hl�\h^ZlZ��?lh�aZsh�l_�^Z\Zl�Zedhdkb^b�k�ZedZ�
e_g�f_lZe��gh�g_�b�k�ZedZe_g�ob^jhdkb^�

5�2+���1D����������5�2
�

1D
�

������ +�

2

5

δ−

+
δ+

2

+ +

δ−

δ+ δ+

\h^Z��jDZ� ������ ZedZghe���jDZ� ��������

DZdlh�ke_^\Z�hl� _e_dljhggby� kljh_`��ijb�n_ghebl_�dbkehjh^gbyl� Zlhf�^hitegb�
l_egh�h[_^gy\Z�gZ�_e_dljhggZ�ietlghkl�ihjZ^b�jπ�kij_`_gb_�k�ZjhfZlghlh�y^jh�
Lh\Z�^hitegbl_egh�mkbe\Z�iheyjbaZpbylZ�gZ�σ�\jtadZlZ�O²G�b�ke_^h\Zl_egh�ih�
\brZ\Z�dbk_ebgghkllZ��?lh�aZsh�_�eh]bqgh�^Z�k_�hqZd\Z��q_�gZebqb_lh�gZ�_e_dljh�
ghZdp_ilhjgb�aZf_klbl_eb�gZ�h��b�j�fyklh�^hitegbl_egh�s_�aZkbe\Z�dbk_ebggbl_
k\hckl\Z��Z�_e_dljhgh^hghjgbl_�aZf_klbl_eb�gZ�l_ab�f_klZ�s_�bfZl�lhqgh�h[jZlgby
_n_dl��AZf_klbl_ebl_�gZ�m�fyklh�kijyfh�ob^jhdkbegZlZ� ]jmiZ�keZ[h�k_�hljZay\Zl
gZ� dbk_ebgghkllZ� �aZsh"���Kheb� gZ�n_ghebl_� �n_gheZlb��n_ghdkb^b��fh]Zl� ^Z� k_
h[jZam\Zl�gZijbf_j�k�ZedZegb�beb�ZedZeha_fgb�ob^jhdkb^b�

Ar—OH   +   Na+-OH   →   ArO-Na+    +   H2O
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Ar-OH pKa

n_ghe ����

j�gbljhn_ghe ����

2���^bgbljhn_ghe ����

2�����ljbgbljhn_ghe
�ibdjbgh\Z dbk_ebgZ�

����

�KjZ\g_l_ k dbk_ebgghkllZ gZ hp_lgZlZ dbk_ebgZ� jD
Z  ������

K_]Z�fh`_f�^Z�ih^j_^bf�Zedhohebl_��n_ghebl_�b�\h^ZlZ�\�ke_^gby�j_^�gZ�m\_ebqZ�
\ZsZ�k_�dbk_ebgghkl��\Z`gh���

5�&�2+ � 5�&+�2+ � 5�&+��2+ � &+��2+ � +�2 � &�+��2+ � ibdjbgh\Z dbk_ebgZ�

Ih^h[gh�gZ�\h^ZlZ� Zedhohebl_�ijhy\y\Zl�b� keZ[b�hkgh\gb� k\hckl\Z��h[jZam\Zcdb
ktk�kbegb�dbk_ebgb�l��gZj��hdkhgb_\b�kheb��Ijhlhgtl��embkh\Z�dbk_ebgZ��k_�k\tja�
\Z�qj_a�_^gZlZ�hl�k\h[h^gbl_�_e_dljhggb�^\hcdb�gZ�dbkehjh^gby�Zlhf��embkh\Z�hk�
gh\Z��

5�2+���+�;���������� 5 2

+

+
;

+;  +&O� +%U� +�62�� +12�� +&O2� b ^j�

Lh\Z�ijhlhgbjZg_�gZ�ob^jhdkbegZlZ�]jmiZ�y�ij_\jtsZ�\�^h[jZ�gZimkdZsZ�]jmiZ�b�_
g_h[oh^bf�itj\b�_lZi�gZ�j_Zdpbbl_�SN�ijb�Zedhohebl_��N_ghebl_�kZ�badexqbl_egh
keZ[b�hkgh\b��fgh]h�ih�keZ[b�hl�Zedhohebl_� �h[ykg_l_� aZsh��dZlh�bfZl_�ij_^\b^
jZaij_^_e_gb_lh�gZ�_e_dljhggZlZ�ietlghkl��

:��J_Zdpbb�gZ�Zedhoheb

���?kl_jbnbdZpby�gZ�Zedhoheb�

�Z��_kl_jb�k�g_hj]Zgbqgb�dbk_ebgb�

5�2+���+2�12� �+�2
5�2�12� ZedbegbljZl

�+�2
5�2+���+2�12 5�2�1 2 Zedbegbljbl

ljbZedbenhknZl

���5�2+�����32&O� �������+&O2 3

25

25

25

�5�62��

�+�2
5�2+�����+�62�

�dhgp��

5�2�62��2+
��5�2+

�+�2
5�2�62��2�5

Zedbeob^jh]_gkmenZl
�ZedbekyjgZ d�gZ�

^bZedbekmenZl
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>bZedbekmenZlbl_� kZ�fgh]h�^h[jb� ZedbebjZsb�j_Zdlb\b��gh� ljy[\Z� \bgZ]b�^Z� k_
bfZ�ij_^\b^��q_�kZ�kbegh�lhdkbqgb�

=ebp_jheljbgbljZltl� _� ba\_klghlh� kt^hjZarbjy\Zsh� e_dZjkl\_gh� \_s_kl\h
³gbljh]ebp_jbg���dhclh�ktsh�_�b�fhs_g�_dkiehab\�

&+�

&+ 2

&+�

12�

2 12�

2 12�

�[��_kl_jb�k�hj]Zgbqgb�dbk_ebgb�

Lh\Z�_�_^gZ�h[jZlbfZ�j_Zdpby��dZlZebabjZgZ�hl�kbegb�ijhlhgh\b�dbk_ebgb��dhblh
ijhlhgbjZl�dZj[hdkbegZlZ�]jmiZ�b�ih�lhab�gZqbg�y�Zdlb\bjZl�aZ�gmde_hnbegZ�ZlZ�
dZ��Ih�f_oZgbatf�_kl_jbnbdZpbylZ�ij_^klZ\ey\Z�gmde_hnbegh�ijbkt_^bgy\Zg_��ih�
ke_^\Zgh�hl�_ebfbgbjZg_�gZ�\h^Z��Ijb� lh\Z�k_�jZadtk\Z�\jtadZlZ�O²Zpbe�hl�ba�
oh^gZlZ�dbk_ebgZ��Z�g_�O²Zedbe�hl�ZedhoheZ�

5 &

2

2+
���+

�

�

5 &

2

2+

+

5 &

2+

2+�

�5 &

2+

2+�
+�2�5

��
�� & 2+5

2

2+

5
+
�

& 25

2

2+

5

+

+

�

5 &

25


2
���+

�

��+�2
5 &

25


2 +

�
5 &

25


2 +
�

DZlh� dZlZebaZlhj� k_� baiheam\Zl� gZc�q_klh� dhgp_gljbjZgb� fbg_jZegb� dbk_ebgb�
kyjgZ��khegZ�beb�nhknhjgZ�

GZc�^h[jb�^h[b\b�gZ�_kl_j�k_�ihemqZ\Zl��Zdh�k_�kta^Z^Zl�mkeh\by�aZ�bal_]eyg_�gZ
jZ\gh\_kb_lh�gZ^ykgh�²�gZijbf_j�qj_a�hl^_klbebjZg_�gZ�_kl_jZ�beb�gZ�\h^ZlZ�hl
j_ZdpbhggZlZ�kf_k��Ihgydh]Z�k_�ijb[y]\Z�^h�l��gZj��Zp_hljhigZ�^_klbeZpby�gZ�\h�
^ZlZ��l��_��^h[Z\y�k_�jZal\hjbl_e��dhclh�k�\h^ZlZ�h[jZam\Z�Zp_hljhigZ�kf_k��dbiysZ
ijb�hlghkbl_egh�gbkdZ�l_fi_jZlmjZ��ih�gbkdZ�hl������K���<h^ZlZ�fh`_�^Z�k_�hlg_fZ
\�oh^Z�gZ�j_ZdpbylZ�b�k�ihfhslZ�gZ�l\tj^�bg_jl_g�kmrbl_e��gZij��fhe_dmegh�kblh
�:�

Ij_^klZ\_gbyl� ih�]hj_� f_oZgbatf� gZ� _kl_jbnbdZpbylZ� _� bexkljZpby� aZ� l�� gZj�
ijbgpbi�gZ�fbdjhkdhibqgZlZ�h[jZlbfhkl��aZ�^Z�[t^_�_^gZ�j_Zdpby�dZlh�pyeh�h[�
jZlbfZ��lh�b�\k_db�g_bg�f_`^bg_g�klZ^bc�ljy[\Z� aZ^te`bl_egh�^Z�[t^_�h[jZlbf�
Hllmd�ke_^\Z�gZijbf_j��q_�h[jZlgZlZ�j_Zdpby�²�dbk_ebggh�dZlZebabjZgZlZ�ob^jh�
ebaZ�gZ�_kl_jb�²�s_�ijhlbqZ�ih�ktsby�f_oZgbatf��gh�\�h[jZlgZ�ihke_^h\Zl_eghkl
gZ�klZ^bbl_�
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���?l_jbnbdZpby�gZ�Zedhoheb�²�ihemqZ\Zg_�gZ�_l_jb�qj_a�h[_a\h^gy\Zg_�gZ�^\_
fhe_dmeb�Zedhohe�ijb�gZ]jy\Zg_�ktk�kyjgZ�dbk_ebgZ��J_ZdpbylZ�_�gmde_hnbegh�aZ�
f_kl\Zg_�b�_�h[jZlbfZ�

�+�62�

�+�2
5�2+ 5�262�2+

5�2+

�
�
262�2+

5�2�5

+

5�2�5

_l_jZedbe�
kmenZl

�+
�

Ihemq_gbyl� itj\hgZqZegh� Zedbeob^jh]_gkmenZl� h[Zq_�fh`_� ^Z� _ebfbgbjZ� kyjgZ
dbk_ebgZ�^h�Zed_g��Zdh�l_fi_jZlmjZlZ�_�gZ^����������K��LZdZ�gZijbf_j�hl�_lZghe
ijb������K�k_�ihemqZ\Z�_lbeh\�_l_j��Z�ijb������K�²�_lbe_g��Ih�lhab�f_lh^�h[Zq_�g_
fh]Zl�^Z�k_�kbgl_abjZl�n_ghegb�_l_jb��aZsh"��

3. J_Zdpbb�gZ�gmde_hnbegh�aZf_kl\Zg_��SN���IjhlhgbjZgZlZ�ob^jhdkbegZ�]jmiZ�
dZdlh�[_�kihf_gZlh�ih�]hj_��_�^h[jZ�gZimkdZsZ�]jmiZ�\�j_Zdpbbl_�gZ�gmde_hnbegh
aZf_kl\Zg_��?lh�aZsh�Zedhohebl_�e_kgh�ij_fbgZ\Zl�\�oZeh]_ghijhba\h^gb�ih^�^_c�
kl\b_lh�gZ�GKl��G<r�b�G,��Ch^h\h^hjh^tl�h[Zq_�^_ckl\Z�hs_�b�dZlh�j_^mdlhj�gZ
h[jZam\Zgbl_�itj\hgZqZegh�ch^gb�ijhba\h^gb�b�djZcgbyl�_n_dl�_�ij_fZo\Zg_�gZ
ob^jhdkbegZlZ�]jmiZ��hl^_ey�k_�ch^��

Lbhgbeoehjb^tl��SOCl2��b�lbhgbe[jhfb^tl��SOBr2��ktsh�ij_\jtsZl�Zedhohebl_�\

oZeh]_gh\t]e_\h^hjh^b�ih�f_oZgbafZ�gZ�l��gZj��\tlj_rghfhe_dmegh�gmde_hnbegh
aZf_kl\Zg_� (SNL��� Ih� ih^h[_g� gZqbg� \ta^_ckl\Zl� b� gydhb� nhknhjgb� oZeh]_gb^b
�3&O�� 3&O�, PBr3��PI��.�?lh�gydhedh�ijbf_jb�

5�2+���+%U %U � 5 2+�
61

%U�5���+�2

5�2+���+,
��+�2

5�,
�+,

5�+����,�

5�2+���62%U� 5�%U����62����+%U

5�2+���3&O� 5�&O����32&O����+&O

Ijb�n_ghebl_�ih^h[gb�aZf_klbl_egb�j_Zdpbb�gZ�ob^jhdkbegZlZ�]jmiZ�g_�ijhlbqZl�

4. Hdbke_gb_� gZ� Zedhoheb��Ijb� hdbke_gb_� k� dZeb_\� i_jfZg]ZgZl� (.0Q2�) beb
ojhf_g�ljbhdkb^� (CrO3) itj\bqgbl_�Zedhoheb�^Z\Zl�Ze^_ob^b��dhblh�h[Zq_�fgh]h
e_kgh�k_�hdbkey\Zl�ih�gZlZltd�^h�dZj[hdkbegb�dbk_ebgb��<lhjbqgbl_�Zedhoheb�k_
ij_\jtsZl�\�d_lhgb��<f_klh�hdbke_gb_�fh`_�^Z�k_�baihea\Z�dZlZeblbqgh�^_ob^jh�
]_gbjZg_�²�gZijbf_j�hlp_i\Zg_�gZ�\h^hjh^�gZ^�gZ`_`_gZ�f_^�ijb�hdheh�����K�

5�&+� 2+
>2@

5�&+2 5�&22+
>2@

&X
��+�

& 2
5

5
&+ 2+

5

5

>2@
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;��J_Zdpbb�gZ�n_gheb�

1. H�:edbebjZg_��HlgZqZeh�k�gZljb_\Z�hkgh\Z�n_ghetl�k_�ij_\jtsZ�\�khe��gZljb_\
n_gheZl���qbclh�Zgbhg�_�ih�kbe_g�gmde_hnbe�hl�n_gheZ��b�ke_^�lh\Z�k_�h[jZ[hl\Z�k
^bZedbekmenZl�beb�ZedbeoZeh]_gb^�\t\�\h^gZ�kj_^Z�

f_lben_gbe_l_j

2
�
�1D

�
2�&+�

�&+���62�

beb�&+��,
� 1D

�
�
�
26H��2&+���beb�1D

�
,
�
�

f_lhdkb[_gahe
�Zgbahe�

gZljb_\
f_lbekmenZl

<ktsghkl�lh\Z�_�jZagh\b^ghkl�gZ�j_ZdpbylZ�gZ�Mbeyfktg�aZ�kbgl_a�gZ�_l_jb��Gydhb
hl�ihemq_gbl_�n_ghegb�_l_jb�bfZl�ijbyl_g�ZjhfZl�b�k_�baiheam\Zl�\�iZjnxf_jby�
lZ��gZij��Zgbahetl��

2. H�:pbebjZg_��Ijh\_`^Z�k_�k�ZpbeoZeh]_gb^b�beb�k�dbk_ebggb�Zgob^jb^b��dZlh
k_� ihemqZ\Zl� Zjbeh\b� _kl_jb�� ;_gahbebjZg_lh� klZ\Z� gZc�m^h[gh� \� ijbktkl\b_� gZ
gZljb_\Z�hkgh\Z�

2+

2&2&+�

�&+�&2��2

�&+�&22+

&�+�&2&O

1D2+

2�&2

n_gbeZp_lZl

n_gbe[_gahZl

����1D
�
&O�

�
�������+�2

N_ghegbl_�_kl_jb�g_�fh]Zl�^Z�k_�h[jZam\Zl�qj_a�ijydZ�_kl_jbnbdZpby�k�dZj[hdkbe�
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