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UJAÄ UïËuÇ«b:OÄ1-1

ÊôWJ:O" s:|ñ:u3
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```````````````````` fOïWç:OÄ» Æ Wì1 nm :u!1000 nm    …d¶ï“Wî

```````````````````` ÊUMOãWëÃ Æ  Wì1 nm        d¶ëËuâ!

.2WJ!ñU|œ :ÈñU‹ì s:OïËuLï ˛ p:Oz ñWÙ ‰ ÈñWM|:u" U|WîUM<Uï ∫

```````````````````````````````````````````````````√ Æ      ©ÈUOìW4 «b:Oì:uïU¶Oz œ :Èœ:u|® Èœ:u| :väU|:u!

```````````````````````````````````````````````````» Æ    ÈU|ñ…œ UÑUz

```````````````````````````````````````````````````Ã Æ ñU|Wà :È;d:|“18

3Æ    ∫Êdë«œu3 W¶:OÙœ :ÈñU‹ì s:O"WK8U< ÊUÑW£! „WìWJ:O"

� ÈËUî ‰ sAOïUï «bO" ‚…ñ ı48Æ«bïU"WàW<

� ÆsMO§! XOÇœ «bÑUïœ uë vëW|«dÇ UOÙUïËñ UJAO" ©ñUfiî® :v"Ë…ñ s:OÅœ vÙUïUfi!

� Æ©Û:uJ<:ËdJ|Uî® «b:OMO!d|uÙ d:|óì W|U<…ËWï :vìW! ¨W|öÑWÙ :v|uë †WëœñU|œ ÊUÑUÇ UM¶|b!

    ÆWJ! WÑ:ËdÅ ÊUç<ñW! øW|WMOèW¶<«ñ vë…Ë«dOÖ ÊU| ¨WMOãWë ÊU| ¨WfiOïWç:OÄ WìWJ:O" ËWz :ÈñWz

``````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

4Æ ∫WJ! ÊËË;ñ s:OÙœ s:OÑWz ˛ p:Oz ñWÙ ‰ X<W!Wî

√ Æ W¶Å;ñ«œ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

»Æ   XOìËd¶JìWz

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

˜Uïñ«ËñW!‰:uÄ
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ÆÃ  ¸«bMO" «œñU|œ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æœ      :vÑUz :ÈË«dOÖ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.5ñWÙ :u! :vë…ñWÖWz ¨WJ!ñU|œ sMOÙWÖœ :v!…ñUë :v|Ë“W" s:|ËWz «b:O|WJìuïW" :v¶<Uz ñWfiì s:OÙœ s:|Ë«dOÖ Ê«ËWz s:OïËuLï UïUMOzñUJ!

   ∫…ó:O! vëWïËu/

√ Æ «bOKÅ œ “UÖ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ»   «bOKÅ œ qÅ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

ÆÆÃÃ  «bOKÅ œ ‚…ñ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.6  :v¶A8 œ s:OïËuLï Ê«ËWz ˛ s!«œu3 œ ® ¨WMO! s:OÙœ s:|Ë«dOÖ ˛ p:Oz ñWÙ :u! vëWïËu/1-1  :ÈñWÄñW! «œ10U‡‡ëËu"ñWÄ ˛

          ∫©v!U‡"u‡è

√ Æ``````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ»``````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

ÆÃ``````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

» √ÃW:OOÑUz :ÈœñWÖ Ω

˜Uïñ«ËñW!‰:uÄ
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 UJAÄ UïËuÇ«b:OÄ2-1

:vïbïôW4 «ñU|dë

  :ÈbïW!1
 …Ë«dOÖ

 ∫ í<ñW! W"ñuë     ∫…b! s:OÙœ s:|ñUO<dÄ Uç<ñW! ÈdëñU|œ :vNºì

.1      ∫…b§J:Oì s:OÙœ s:OÑWz

√ Æ    Æ†Wëœ …b:|“ «bOKÅ œ :È“UÖ UïUOìW4 ¨qÅ :vë…Ë«dOÖ ñWfiì ÈUOìW4 «“UÖ :vïU¶<WÄ Uïdë…b:|“

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ»    ÆXO‹:Ozœ d"“WK! «b:O" ‚…ñ s:|œœUî UïUOìW4 :̈vÑUz UOîñWÖ öÄ Uïdë“ñW!

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

ÆÃ      Æ†Wëœ …b:|“«ñUÅ :ÈñWM:|u" œ ÈË UO"«“Wì ¨‚…ñ ÈË«u" :v|ËËñ :ÈñW!ËËñ UïËu!…b:|“

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2 UïUOìW4KClO  öÄ œ25ºC W¶O!œ  «œ10.g œ È…Ë«u" s:O|100.g        Æ «b:OÑUz s:|

√Æ ñWÖWz15 g3OlKC œ100g öÄœ «b:OÑUz s:|25ºC  «;d! ¨ Ê«œWçJ:O" «œ3KClO:ÈñWz ø…bïWÇ X:OOìW4 :Èœ uë :ÈËWz

     ø…d:O" ñËË˛ ÊU| ¨…d:O" :v|Wï ÊU| ¨…d:O" :v|…Ë«dOÖ ËWz

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

˜Uïñ«ËñW!‰:uÄ
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»Æ ñWÖWz15 g  s:O|3OlKC œ200 g   öÄ œ «b:OÑUz s:O|25ºC  «;d! ¨Ê«œWçJ:O" «œ3OlKCø…bïWÇ X:OOìW4 :Èœuë «ËWz

            ø…d:O" ñËË˛ ÊU| ¨…d:O" :v|Wï ÊU| ¨…d:O" :v|Ë«dOÖ ËWz :ÈñWz

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

 ∫ „…ñUO<dÄ bïWÇ      ∫WJ!ñU|œ È˛ :vM¶|œWÑ UJ:|ñ Ë …b! «b|dëñU|œ UOOÙôUÑ œ s:OÙœ s:|ñUO<dÄ ÊUÑ Uç<ñW!

.3 :v¶A84-1 :ÈñWÄñW! :È18       ∫s:OÙœ s:|ñUO<dÄUï«bç<ñW! :u! ˛ WMO!ñUJ! v!U"uè UëËu"ñWÄ ˛

```````````````````````````````````````````````````Æ√ :v¶<ñU!lLiC ‰WÖœ d:O" :vë…Ë«dOÖ UïUMOzWç¶<…œ :u! vÑb:OÄ :È300.g öÄ œ :vÑUz s:O|25ºC«œ

 ø…bïWÇ

```````````````````````````````````````````````````Æ» UïbïôW4 :u! vÑb:OÄ U| :vÑUz «;d! s|d¶L:Oë15 g s:|3ONaN  öÄ œ40ºC ø…bïWÇ «œ

```````````````````````````````````````````````````ÆÃ Uî…œ XOMOzœ p:OÄ d:O" :vë…Ë«dOÖ W|…Ë«u" óOë36g œ ÈË s:O| 25göÄ œ s:OOìW4œ «b:OÑUz s:O|

20ºC ø«œ

.4KOH      ÆX:OOìW4œ «b:OÑUz œ vÙUïUfi! WOï:u|Uz :vè…ñ :vë…œœUî

```````````````````````````````````````````````````Æ√ » È…Ë«dOÖ UOOîñWÖkJ/g :v¶A8 s:OMOï«e:OÄ WJ4W< ø…bïWÇ5-1 :ÈñWÄñW!24UëËu"ñWÄ ˛

    Æv!U"uè

»Æ uëWÙ XO!“ñW! :Èœ ÊU| XO! Âeï :Èœ :vîW¶fiO< UOOîñWÖ öÄ :ÈñWzKOH  øvÇ:u! øsMOìW4œ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

˜Uïñ«ËñW!‰:uÄ



14

 UJAÄ UïËuÇ«b:OÄ3-1

 Ê«Ë«dOÖ UO¶<W8

  :ÈbïW!1
 …Ë«dOÖ

 ∫  í<ñW! W"ñuë     ∫…b! s:OÙœ s:OÑWz Uç<ñW! «b|dJïUAOM¶<…œ :vNºì

.1       ÆÊWëœ …œUîUz d¶OìØ¸:uî » sOï«“ WO"UÙ v¶<W8 s:|Ë«dOÖ ËWz Uî…œ s!bÅu" :ÈñU‹ì s:O|UÑ…bï«u8 ËWz s:|ËWz WJ! ÊUOOÅUÅ :vfi4W!

√ Æ  :ÈË«dOÖ » vÑb:OÄ È“U§:|ñ0.600 M KCl  ÈËWz :ÈbMÙ :u! ˛ ¨W|WÙ0.600g s:O|KCl Ë ÊUA:Oë1L  ÆñW< …dë :vÑUz

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

»Æ  :ÈË«dOÖ » vÑb:OÄ :È“UïW!3M NaNO0.02  » vÑb:OÄ uë Uï«œ U<…Ë :ÈËWz ¨W|WÙ200 gs:O|3NaNO:u! ˛ W|WÙ

  UïUMOzWç¶<…b!0.02 mol :vë…dã…œ…dë ‚…ñ :ÈœœUî ËWz :È“UïW! Æ1.00L  UïUAOïU" Ë1.00L  Æ:vÑUz » dë Èó"

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

∫ „…ñUO<dÄ bïWÇ     ∫WJ!ñU|œ «b|dJïU8ñW" UOOÙôUÑ œ :vM¶|œWÑ UJ:|ñ Ë …b! :ÈñU) s:|ñUO<dÄ ÊUÑWz Uç<ñW!

.2``````````````````````````````````````````````````` UïbïôW4 ˛ uë ¨…bïWÇ vë…Ë«d:OÖ UOO¶:|ñô:uî2.0 mol ˜Uïœ È…Ë«u"6.0LW¶O§"UÙ «b|ñWM:|u" s:|

       ÆÊdë…œUîUz

.3```````````````````````````````````````````````````OH3CH UïbïôW4 ˛ uë …bïWÇ vë…Ë«dOÖ UO¶:Oìô:uî ÆX:OOìW4 œ «b:OÑUz œg 8.0 s:O|OH3CHœ

250 g         ø…bïWÇ Êdë…œUîUz W¶O§"UÙ «b:OÑUz s:|

˜Uïñ«ËñW!‰:uÄ
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.4:ÈËWz :ÈñU) UA:OëËUÙ ˜Wz Ë ÆXOÑWëœñ…œ p|ñ:uKë:Ëñb|UÙ :vÅd" ‰WÖœ ÈñWîñWî UJ:OìñUë ˛ :̈vï:u!ñUë :ÈbOfië:uz«Ëœ «“UÖ

 ∫ †WëœñU|œ vJ:OìñUë

)l(O2) + Hg(2) + COqa(2CaCl→)qa(ClH2 +)s(3CaCO

 :vJ:OìñUë UïUMO£îWÙñW! :u! ˛25.0 mL4.0M HCl :v|…b:|“ Wïdë3CaCO

``````````````````````````````````````````````````` s:Oìuî «ñUîóÙHCl øÊbïWÇ «b:OJ:OìñUë :vÑWz œ v¶ãWëñUë ˛ :È

.5 UïbïôW4 ˛ ¨Èœ:u| UäU|:u!)s(2I ¨«b :̆uïUßOz œOH5H2C ÈË«dOÖ Ë ¨Êdë…œUîUz W¶:OÙœ1% ¨10.0g˜Uï œ È…Ë«u" s:O|

1000.g  Æ W|«b:O" È…Ë«dOÖ s:O|

```````````````````````````````````````````````````Æ√ œ ÈñWM:|u" s:Oî«dÖ bïWÇ1000.g      øWïWÙ «b|…Ë«dOÖ vÑWz s:O|

```````````````````````````````````````````````````Æ»          ø…bïWÇ «b|UOìW4 :Èœ:u| U¶<ñU! œ Êô:uî «ñUîóÙ

```````````````````````````````````````````````````ÆÃ  È…Ë«dOÖ vÑWz UO¶:Oìô:uî1%  ø…bïWÇ …

Æœ      Æ5ï«“ W¶O§"UÙ ÈËU|dÇ ñWÖWz ¨WJ! ÊËË;ñ Èœ:u| :väU|:u! ÈË«dOÖ UO¶:|ñô:uî UM¶|œWÑ UJ:|;ñ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

˜Uïñ«ËñW!‰:uÄ
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 @ï…;ñWîWÙ UïËuÇ«b:OÄ
  :ÈbïW!1

 …Ë«dOÖ

 ∫ í<ñW! W"ñuë     ∫…b! s:OÙœ s:OÑWz Uç<ñW! ÈdëñU|œ :vN'

.1      ∫…b§~:Oì s:OÙœ s:OÑWz

√ Æ2lCaC ÆXOMOÙWÖœ :v!…ñUë ÈË :ÈË«dOÖ :vìW! ¨XOMOÙWÖUï U!…ñUë ¨‚…;ñ :v|

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

»Æs!Uï p:Oz vìWJ:O" ñWfiîW3 :v! :vKÅ Ë ñ«œñWfiîW3 :vKÅ ¨v¶AÖ :vëW|…u:OA!

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

ÆÃÆXOMOîUï †W§|U" U| Ê«ËUîU" ¨Êdë ÂñWÖ WM:OÙœ uëWÙ ¨È“UÖ s:Oïñ«u8WÑ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2 s|uì:u" ‰WÖœ ñU|œWï :vëW¶:|ËUz uë 5ï«“ WO"UÙ3CH5H6C         ÆXO!Uï ‰WJ:O" :vÑUz ‰WÖœ Ë XO!œ ‰WJO"

√ Æ  ÆWJ! WÑ:ËdÅ u8 Uç<ñW! ø…ñWfiîW3 :v! :vÅW!ËUÙ ÊU| ¨…ñ«œñWfiîW3 :vÅW!ËUÙ ÊU| ñU|œWï :v¶:|ËUz ËWz :ÈñWz

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

»Æ   Æ …b§J:Oì :ÈbïWÇ :ÈËWz øXOMOìW4 :vïñU8 UO:|u8 X:OÅ :Èœ ËWz :ÈñWz ÆWKÅ È˛ ñU|œWï :v¶:|ËUz uë Wï«œ U<…Ë

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

˜Uïñ«ËñW!‰:uÄ
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 ∫ „…ñUO<dÄ bïWÇ      ∫WJ! ÊËË;ñ «b|dJïU8ñW" UOOÙôUÑ œ :vM¶|œWÑ UJ:|ñ Ë ¨…b! :ÈñU) s:|ñUO<dÄ ÊUÑ Uç<ñW!

.3500.mL :ÈË«dOÖ s:O|40.30 M CuSO     ¨WïWÙ

```````````````````````````````````````````````````Æ√Á        ø ÊbïWÇ «b|…Ë«dOÖ œ È…Ë«u" s:Oì:uî «ñUî˛

```````````````````````````````````````````````````Æ»             ø…bïWÇ È…Ë«dOÖ vÑWz Uïdë…œUîUz :u! vÑb:OÄ :ÈË«u" s:Oî«dÖ «ñUîóÙ

.490. gs:|2CaBr  œ900.g     Æ s:OOìW4 œ «b:OÑUz s:O|

```````````````````````````````````````````````````      ø…bïWÇ È…Ë«dOÖ ÈËWz UO¶:O˘ü:uî

˜Uïñ«ËñW!‰:uÄ
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 ∫ í<ñW! W"ñuë      ∫…b! s:OÙœ :ÈñUO<dÄ Uç<ñW! ÈdëñU|œ :vN'

.1 :v¶‡‡A8 œ s:OMOï«e:OÄ ËWz1-2  :ÈñWÄñW§‡‡ì415§A‡‡‡:OÄ «b:O‡ÑUz œ s:O‡Ù œ s:O¶:|ËUz UïUO‡ìW4 Ë WMO!ñUJ! v!U"u‡‡è U‡‡ëËu"ñWÄ ˛ «œ

     ∫WJ!

```````````````````````````````````````````````````    Æ√      Â:uOfiOMÖWî :v"«d¶Oï

```````````````````````````````````````````````````Æ» Â:u|ñU! v"«œdÖ:uÖ

```````````````````````````````````````````````````ÆÃ Â:uOfiOìUë :v"Uï:u!ñUë

```````````````````````````````````````````````````Æ» Â:uOï:uîWz :v"UH<:uã

.21.0 moL ÆÊbïôW4 W"UÙ «b:OÑUz œ Â:uOfiOMÖWî ©p:ON:O<® :vO"Uëd<

```````````````````````````````````````````````````Æ√             ÆWfi:OçM! Â:uOfiOMÖWî :v"Uëd< :vëu:OÅ

```````````````````````````````````````````````````Æ» øÊbïWÇ s!œ ˜ôW! «b|…Ë«dOÖ ˜Uïœ uë s:Oï:u|Uz Ê«ËWz s:Oì:uî «ñUî˛

```````````````````````````````````````````````````ÆÃ ˛ uë «bOë…Ë«dOÖ ˜Uïœ s:Oï:u|Uz Ê«ËWz s:Oì:uî «ñUî˛0.20 molœ Â:uOfiOMÖWî :v"Uëd< s:O|

  øÊbïWÇ s!œ ˜x! ÈUOìW4 «b:OÑUz

.3        ∫WfiOçM! s:OÙœ p:OÄ «bM:OÙ œ s:|ñU! ˛ p:Oz ñWÙ œ :vO¶AOï ËWz :vëu:OÅ

```````````````````````````````````````````````````Æ√  ÆÂuO<U":uÄ :v"UH<:uã Ë Â:uOfiOMÖWî :Èb|ñ:uKë s:|Ë«dOÖ ËËœñWÙ UïñdJJ:OìñUë Uî…œ

```````````````````````````````````````````````````Æ»   Æ vç|“ :v"«d¶Oï Ë Â:u|œ:u< :Èb|œdÖ:uÖ s:|Ë«dOÖ ËËœñWÙ UïñdJJ:OìñUë Uî…œ

.4          ∫Wfi:OçM! «b:OÑUz œ s:OÙœ s:O¶:|ËUz ËËœñWÙ ˛ p:Oz ñWÙ UïUÅ…uìWNJ:Oì UA:OëËUÙ

√ Æ(s)4PO3Na

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ»® :vM<Uz :v"«œdÖ:uÖIII      Æ‚…;ñ :v| ©

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.5√ Æ® rÅuè;ñuè :v"«d¶Oï ÈË«dOÖ UJ:OìñUë :u! v"WÄ U| vï:u|Uz UA:OëËUÙII      ∫WfiOçM! Â:uOï:uîWz :v"«œdÖ:uÖ :ÈË«dOÖ Ë ©

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ»       ø WMÇ «bOîW¶fiO< vÑWz œ ñWëd|W< s:Oï:u|Uz

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

 UJAÄ UïËuÇ«b:OÄ1-2

 «bOÑUz s:|Ë«dOÖ œ W¶:|ËUz

:ÈbïW!2
 «b:OÑUz s:|Ë«dOÖ œ Ê:u|Uz

:vïdJî:uë s:O"WK8U< Ë

˜Uïñ«ËñW!‰:uÄ
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.6 ∫ÊU¶:|ËUz ÊUÑWz s:O| vÑUz s:|Ë«dOÖ Wî ñWÖWzNaClË4PO3NaË2)3Ba(NO         ÆÊdJìWJ:O" «bOëWïUîUz œ

√ Æ     ÆWfiOçM! ÈË :vëu:OÅ Ë v¶AOï ÈËWz :vÑUï ¨«bç<ñW! å:vìW!ò ‡‡! W" ñWÖWz øX:OÙ p:OÄ ©ÈUONï® v¶AOï :Èœ :ÈñWz

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ»        øWMÇ «bOîW¶fiO< vÑWz œ©ñ«bJAÄ Wï® ñWëd|W< s:Oï:u|Uz

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.7…b! s:OÙœ s:OÑWz Uç<ñW! Ë WJ! X:OÙœ U| @ïWfiÑWÙ U| Wï UA:OëËUÙ UOMO§:O" ∫

)g(2) + Haq(3AlCl→)aq(HCl+)sAl(     © W~ïWfiÑUÙ U|Wï®

```````````````````````````````````````````````````Æ√ :v| :vÑUz ÈË«dOÖ œHCl       øWOOÇ :vOï:u|Uz :vÑWz :Èñ:u3 ¨«œ

```````````````````````````````````````````````````Æ» øWOOÇ «bOîW¶fiO< vÑWz œ ©ñ«bJAÄ Wï® ñWëd|W< :vï:u|Uz

ÆÃ   ÆWJ! @ïWfiÑWÙ Èñ:u! UA:OëËUÙ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.8 ÈWëd< :vÅd"COOH3CH:vï:u|Uz uë WfiOçM! «b:OÑUz œ ÈË UM:Oï:u|Uz UA:OëËUÙ ¨ÊUï«œ WM:OÙœ “«Ëô s:O¶Oì:Ëd¶JOìWz ˛

 Â:uOï:Ëñb|UÙ)+O3H(  ÆXO! «b:O" È˛

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

˜Uïñ«ËñW!‰:uÄ
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 ∫ „…ñUO<dÄ bïWÇ     ∫…b! s:OÙœ s:|ñUO<dÄ Uç<ñW! ¨«b|dJïU8ñW" UOÙôUÑ œ

.1 W¶O!œ “:uë:uKë :v| :vÑUz :ÈË«dOÖ UMOìWë öÄ uë vï«e! u" ñWÖWz100.102ºCs:|Ë«dOÖ UMOìWë öÄ :u! ÈWëœ ıUOMO§A:OÄ u" :ÈñWz ¨

         ø XO!WÙ vìô:uî UO¶<W8 ÊUîWÙ È˛ Ê«Ë ñfl¯Wz s:OÙœ :v¶:|ËUz X:O| :vÑUz

```````````````````````````````````````````````````Æ√      Â:uO<U":uÄ :Èb|œ:u|

```````````````````````````````````````````````````Æ»      Â:uOMîuìWz :Èb|ñ:uKë

```````````````````````````````````````````````````ÆÃ   “:ËñWëu<

.2 WMOKO#Wz ‰:uJ|öÖ :vM¶<W! È˛œ :v| vë…ñW< :v|W"UNJ:OÄ2OH)2(CH Wï«œ U<…Ë Æ2OH)2(CHUïdëñU< :ÈË«d‹J:|ñ ñW< …dë

  uë :vëWK:O§î:Ëd"5.0 kg ∫Wï«b:O" :vÑUz s:O|

```````````````````````````````````````````````````Æ√UM¶<WÄ öÄ UïdJîeï :u! ˛ :vïdëñU< «Ë«d‹J:|ñ ñW< WïWJ! WMOÑb:OÄ 5KO#Wz ‰:uJ|öÖ s:Oì:uî bïWÇ

 :vÑUz0.0ºC :u!-18ºC           ø

```````````````````````````````````````````````````Æ»  ø WM|UMOzñUJ! ©√® œ 5KO#Wz ‰:uJ|öÖ s:Oî«dÖ bïWÇ

```````````````````````````````````````````````````Æ Ã W¶O!œ 5KO#Wz ‰uJ|öÖ U|;dÇ :uë vï«“W" ñWÖWz1.1Kg/L :ÈñU!Wè2OH)2(CHvÑb:OÄ :È

 UOOîñWÖ öÄ uë «œ :vïdëñU< :ÈË«d‹J:|ñ ñW< WïWJ! uë …bïWÇ-18ºC       øXO¶<W! Wï«œ

.3«bïU"ô…Ë Ê«Ë œ ñWÖWz “ñW! œ :vì :vO"UîñWÖ s:OKÄ s:O"ô…Ë Ê«ËWz ‰ :vK:O§î:Ëd" UïdëñU< :ÈË«d‹J:|ñ ñW< WïWëœ 5KO#Wz ‰:uJ|öÖ

 :u! XO§! Âeï :vO"UOîñWÖ öÄ Ê«ñU3 r:Oë0.0ºC    øWOOÑb:OÄ :v| :vM¶<W! …˛œ vÇ:u! W"«ËWë ¨

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

 UJAÄ UïËuÇ«b:OÄ2-2

 Ê«Ë«dOÖ s:O| :vïdJî:uë s:O"WK8U<

:ÈbïW!2
Ë «b:OÑUz s:|ËË«dOÖ œ Ê:u|Uz

:vïdJî:uë s:O"WK8U<

˜Uïñ«ËñW!‰:uÄ
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4. ¨WïËu/ :u! ¨XOM:|uïœ «œ ñU|œWï s:|œœUî U| vì:uî U¶<ñU! UïdëñU|œ :̈vïËu!WÑ;d8 s:O"WK8U< s:O| @ïdÖ s:OïUMOzñUJ! ˛ p:Oz12.0g

 ñU|œWï :vëW¶:|ËUz s:O|X  ˜Uï œ ñWfiîWº:O! :v| v¶Oì:Ëd¶JOìWzWï :v|100.0g:ÈË«dOÖ ËWz ÆÊbïôW4 W"UÙ «b:|ñËuãUë :v|bïôW4 s:O|

 öÄ œ v"UNJ:OÄ99.4ºC :v¶A8 s:OMOï«e:OÄ „…bMÙ Æv¶<W! W¶O!œ «œ2-2 :ÈñWÄñW!52Uï«bç<ñW! :u! WMO!ñUJ! v!U"uè UëËu"ñWÄ ˛ «œ

     ∫ s:OÙœ s:|ñUO<dÄ

```````````````````````````````````````````````````Æ√              øW|WÙ «bO|U<Uz «ñ:uãUë UM¶<W! öÄ Ë ñ:uãUë :ÈË«dOÖ UM¶<W! öÄ «ñW§ÑUïœ vÙ«œu3 ı

```````````````````````````````````````````````````Æ» :v¶:|ËUz Ë ñ:uãUë :ÈË«dOÖ UO¶:O˘ü:uîX        ø:vM¶<W! öÄ s:O|Wï«œ ñWfiì 7<W§¶AÄ ¨ …bïWÇ

```````````````````````````````````````````````````ÆÃ ñWÖWz12.0g :v¶:|ËUz s:O|X  ˜Uïœ100.0g:v¶:|ËUz s:Oî«dÖ bïWÇ :ÈñWz ¨s!WÙ «b|ñ:uãUë s:O|

X             øs!WÙ «b|ñ:uãUë UëWî«dÖ:uKOë ˜Uïœ :Èœ

```````````````````````````````````````````````````Æœ v¶:|ËUz :u! :vìuî :v¶<ñU!X   ø…bïWÇ

.5      ÆWMOï :vïdJî:uë vëW"WK8U< Ê«Ë«dOÖ UïbïUÙWÖ U!…ñUë ∫…b§J:Oì X:OÙœ UÑWz

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

˜Uïñ«ËñW!‰:uÄ
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 ∫  í<ñW! W"ñuë     ∫…b! s:OÙœ s:|ñUO<dÄ Uç<ñW! ÈdëñU|œ :vN'

.1          ∫p:Oz ñW! …b! :v¶<«ñ :v|ô ‰ Ê«Ë :ÈñWMOï ‰WÖœ :vÄWÇ :v|ô s:O¶:|ËUz ñUÇ Ê«Ë˛ p:OzñWÙ

````````````````````  X:OOìW4 œ «b:OÑUz œ WOï:u|Uz :vëW¶:|ËUz©√®HCl

````````````````````  X:OOìW4 œ «b:OÑUzœ r:Oë „WìWÖ WëW¶|ËUz©»®3NaNO

````````````````````Ê:u|Uz W¶O!œ «b:OÑUz œ WO|œñWÖ :vëW¶:|ËUz©Ã®AgCl

```````````````````` Ê:u|Uz W¶O!Uï Ë X:OOìW4 œ «b:OÑUz œ WO|œñWÖ :vëW¶:|ËUz©œ®OH5H2C

©Á®6H6C

.2√ Æ    Æ5MO! p:OÄ Â:uOfiOìUë :v"Uï:u!ñUë :vO¶AOï Ë ÊWJ! :vJ:OìñUë s:OA! :uë «bOë…Ë«dOÖ œ …ó:O! ÊU¶:|ËUz ËËœ :vÑUï

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ»    ÆWJ!ñU|œ «œ ©√® :vÅW! œ ÈdJMO§A:OÄ :vîW¶fiO< œ ñWëd|W< s:Oï:u|Uz U|WîUM<Uï

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

ÆÃ       ∫WfiOçM! Â:uOfiOìUë :v"Uï:u!ñUë UïUMO£J:OÄ :u! v"WÄ U| vï:u|Uz UA:OëËUÙ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.3® ÈñW! UO:|u8 UïbïUÅ…ñ ∫…b§J:Oì X:OÙœ WÑWzNaCl «ñU|dë UO"«“Wì :ÈñWÖWz W¶O!œ v"d~O¶<W! UJ:|ñU|WÄ ñWfiì ©s:|ËU8Wï       Æ:vïUOìW4

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

 @ï…;ñWîWÙ UïËuÇ«b:OÄ

:ÈbïW!2
Ë «b:OãUz s:|Ë«dOÖ œ Ê:u|Uz

:vïËu!WÑ;d8 s:O"WK8U<

˜Uïñ«ËñW!‰:uÄ
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∫ „…ñUO<dÄ bïWÇ      ∫WJ!ñU|œ «b|dJïU8ñW" s:OOÙôUÑ œ :u8 :ÈñUëË …b! s:OÙœ s:|ñUO<dÄ Uç<ñW!

.4```````````````````````````````````````````````````¨ŒU< WMMO0 «b¶8W< U|UîñW< œ uë«œ sMOzœ p:OÄ «œ :u8 s:OïU8 ˜Uïœ :vM¶<W!…˛œ Èd:Oî „…bMÙ

 ‰:ËdOfiOKÖ v"UNJ:OÄ :vM¶<W!…˛œOH2OH–CHOH–CH2CHË Wë:ËdãWï :v¶:Oì:Ëd¶JOìWzWï uë ¨

 :u! :vÑUz UM¶<W! öÄ UïdJîeï :u! vÑb:OÄ ô:ËdOfiOKÖ ÈË«dOÖ UO¶:Oìô:uî ÆX:OOìW4 œ «b:OÑUz œ vîUîW¶!

-25.0ºC   ø…bïWÇ

.5``````````````````````````````````````````````````` ‰:uïU?ß?O?î U?¶<ñU?!OH3CH ñW< W?ïW?J?! u?ë v?Ñb:O?Ä :ÈËW?z ñ…œW?M??O??! v??î«d??~??!200.g:vÅd?" s:O?|

 :u! ÈËUM¶<W! öÄ UïdJîeï :u! ˛ ©p:ON:O<®ÈWëd<1.30ºC :v¶A8 …dÑe! ø2-2 :ÈñWÄñW! ‰52˛

  Æ@ïdÖ s:OMOï«e:OÄ „…bMÙ UïUMOzñUJ! :u! ˛ v!U"uè UëËu"ñWÄ

.6``````````````````````````````````````````````````` ©Èd" «dëWÅ® “:uë:uKÖ :ÈË«dOÖ UMOìWë öÄ6O12H6C W¶OÙWÖœ «b:OÑUz œ100.34ºCvÑWz UO¶:Oìô:uî ¨

    Æ©ñ…œWMO!® …“:Ëb! ÈË«dOÖ

.7 ``````````````````` øW|WÙ ©È“uî“:uz®:vïbï«d:|œ vïU¶<WÄ s|d"“ñW! :ÈñU8 s:|Ë«dOÖ óOë

Æ√m0.1 “:uë:uKÖ

Æ»m0.1“:ËñWëu<

ÆÃm0.5    “:uë:uKÖ

Æœm0.2     “:ËñWëu< 

˜Uïñ«ËñW!‰:uÄ



24

 ∫ í<ñW! W"ñuë     ∫…b! s:OÙœ s:|ñUO<dÄ Uç<ñW! ÈdJïU8ñW" :vN'

.1               ∫WJ! ˜Uï s:OÙœ s:OÅd"

```````````````````````````````````````````````````Æ√4SO2H

```````````````````````````````````````````````````Æ»3SO2H

```````````````````````````````````````````````````ÆÃS2H

```````````````````````````````````````````````````Æœ4HClO

```````````````````````````````````````````````````ÆÁHCN

.2 ```````````````````    øÊUï«œ WM:OÙœ vï«Ëœ s:OÅd" ˛ Èñ:u! s:OÅd" óOë

.3              ∫WfiOçM! s:OÙœ s:OÅd" :vëu:OÅ

```````````````````````````````````````````````````Æ√        “:Ëd¶:Oï :vÅd"

```````````````````````````````````````````````````Æ»         pOî:Ë;d!:Ëñb|UÙ :vÅd"

```````````````````````````````````````````````````ÆÃ    p|ñ:uH<:uã :vÅd"

```````````````````````````````````````````````````Æœ    ©p:ON:O<®©Wëd<® v¶O<Wz vÅd"

```````````````````````````````````````````````````ÆÁ     “:Ëñ:uKë:uá|UÙ :vÅd"

.4 Â:uOfiOìUë :v"UMOKO< :vëu:OÅ4CaSeO                ∫

```````````````````````````````````````````````````Æ√        øWOOÇ pOMOKO< :vÅd" :vëu:OÅ

```````````````````````````````````````````````````Æ»     øWOOÇ “:uMOKO< :vÅd"  :vëu:OÅ

.5vëWÅd" ‰WÖœ Uî…œ sMO! ÂWÙñW! 53:Ëñb|UÙ «“UÖ s:OÅWï uë WJ!ñU|œ Ê«eïUë ËËœ U|WîUM<Uï :̈vOëôUÇ «dO$“ UïUMOzñUJ!

            ÆÊdJìWJ:O" WM:OÙœ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.6      ∫WfiOçM! s:OÙœ s:OJ:OìñUë ËËœñWÙ :u! @ïW<ËUÙ s:O| v|UOLOë s:OA:OëËUÙ ËËœ

√ Æ       ÊËË;ñ :v| vJ|d¶|Uï vÅd" ‰WÖœ Â:uOMîuìWz :v|«eïUë

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ»     ∫vJ:ONO< ‰WÖœ Â:uOfiìUë :ÈbOfië:Ëñb|UÙ :ÈË«dOÖ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

 UJAÄ UïËuÇ«b:OÄ1-3

     ÊU¶H" Ë ‘d" s:O"WK8U<

:ÈbïW!3

 XH" Ë ‘d"

˜Uïñ«ËñW!‰:uÄ



25

.7    ∫WfiOçM! s:OÙœ s:OJ:OìñUë :u! v"WÄ s:O| vï:u|Uz s:OA:OëËUÙ

√Æ UïËu§ï:u|Uz3HClO       Æ«b:OÑUz œ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ» :ÈñU¶ã…;ñ3NH        Æ”:uOMOÙñWz :v¶H" „…Ë

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.8       ∫…b§J:Oì s:OÙœ s:OÑWz

√ Æ  ∫sMOÙWÖœ :v!…ñUë :v|ËË“W" e:ON! s:OÅd" s:|Ë«dOÖ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ»d¶|œ s:|ñUë:uÙ vîWÙ uë 5ï«œ U<…Ë ñWÖWz ¨sMOÙWÖœ d¶ÅU! :v!…ñUë :v|ËË“W" “«Ëô s:OÅd" s:|Ë«d:OÖ ‰ e:ON! s:OÅd" s:|Ë«dOÖ

     ÆÊd~:O3 œ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.9 ∫X:OÙœ UA:OëËUÙ í|Ëbì ¨ÊWëœ ‚…ñ :v"Uï:u!ñUë ‰…œ :vJ:OìñUë ‘d" „WìWÖ

 ©W~ïWfiÑWÙWï®)g(2) + COlO(2) + Haq(2CaCl→)aq) + HCl(s(3 CaCO

√ Æ  ÆWJ! @ïWfiÑWÙ Èñu! UA:OëËUÙ ∫ÊËË;ñ vJ|d¶|Uï vÅd" ¸WÖWì Â:uOMîuìWz È«eïUë

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ»    ∫Wfi:OçM! v"W! U| vï:u|Uz UA:OëËUÙ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

```````````````````````````````````````````````````Æ Ã      ÆWJ!ñU|œ «bOîW¶fiO< vÑWz œ ©ñ«bJAÄWï®ñWëd|W< s:Oï:u|Uz vîWÙ U|WîUM<Uï

˜Uïñ«ËñW!‰:uÄ
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 ∫ í<ñW! W"ñuë  ∫…b! s:OÙœ s:|ñUO<dÄ Uç<ñW! ÈdJïU8ñW" :vN'

.1√ Æ     ∫ÊWJ! ÊËË;ñ «b:OÑUz œ“:ËœdÖ:uÖ :vÅd" UM:Oï:u|Uz s:OäUï:uè ËËœñWÙ uë Wfi:OçM! ÊUA:OëËUÙ ËËœ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ»     øXOMzœ ÂWÙñW! ÊUï:u|Uz d¶Ä :vM:Oï:u|Uz UäUï:uè óOë

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2√ Æ  :ÈñWz ¨WJ! W<UM:OÄ f|uì :v¶H"
–OH        ÆWJ! ÊËË;ñ :u8 Uç<ñW! ø†WJ! ©ñUë® :ÈñU¶ã…ñ f|uì :v¶H" „…Ë X:OÅœ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ»  :ÈñWz ¨WJ! W<UM:OÄ f|uì :vÅd"
+H          ÆWJ! ÊËË;ñ :u8 Uç<ñW! ø†WJ! :ÈñU¶ã…ñ f|uì :v¶H" „…Ë X:OÅœ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.3Uç<ñW! ÆWJ!ñU|œ s:OÙœ s:OA:OëËUÙ ËËœñWÙ :u! ÊU|dJJ:OìñUë :v|ô ‰ Èñ:uì≠b¶Aï:Ëd! :v¶H" Ë Èñ:uì ≠b¶Aï:Ëd! :vÅd" U|WîUM<UMÄ

 ∫WJ!WÑ«ñ u8

√ Æ)aq (–
3) + NOaq(+O3H→)aq(3) + HNOlO(2

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ»)aq(–) + FaqS(2H→)aq(–) + HSaqHF(

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

UJAÄ UïËuÇ«b:OÄ2-3

 ÊU¶H" Ë ‘d" s:|“:ËœdO!

:ÈbïW!3

 XH" Ë ‘d"

˜Uïñ«ËñW!‰:uÄ
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.4√ Æ UïËu§ï:u|Uz ÂWëW| UA:OëËUÙ3CO2H‰WÖœ †WëœñUë vëW|dJJ:OìñUë „…Ë ˜Uz uë Wï«œ U<…Ë Ë Wfi:OçM! «b:OÑUz :vë…Ë«dOÖ œ

 ˛ :ÈËWz 53:Ëñb|UÙ :vï:u|Uz3CO2HÊ«Ë óOë Ë ¨WO|ñ:uì≠b¶Aï:Ëd! :vÅd" ÊU|dJJ:OìñUë ˛ óOë s"dÖ W¶:OÙœ v"UNîWÙñW!

        ÆWJ! ÊËË;ñ :u8 Uç<ñW! øWO|ñ:uì ≠b¶Aï:Ëd! :v¶H"

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

Æ» UJ:OìñUë ˛ v"UNJ:OÄ :vï:u|Uz ËWz :u! Wfi:OçM! s:Oï:u|Uz Â…ËËœ UA:OëËUÙ3CO2H„…Ë ˜Uz uë Wï«œ U<…ËñWÙ ÆÈñu! «ËWz

  ˛ v"UNîWÙñW! U| 53:Ëñb|UÙ Uï:u|Uz ‰WÖœ Ë †Wëœ :ÈñU¶ã…ñ „W|dJJ:OìñUë
≠

3HCOÊ«Ë ˛ óOë ¨Ê«b:|dÖ W¶:OÙœ

          ÆWJ! ÊËË;ñ :u8 Uç<W! øWO|ñ:uì≠b¶AïËd! :v¶H" Ê«Ë óOë Ë WO|ñ:uì≠b¶Aï:Ëd! vÅd" ÊU|dJJ:OìñUë

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

ÆÃ ® „…Ë Ê…œœ ÊUï:u":ËdÄ ËËœ s:|œœUî Ê«ËWz Wïó:O!œ ı3CO2H         ø©

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

.5√ Æ Ê:Ëñ:u! ö|œñWÖ ñ:Ëbì ÊUï:Ëd¶JOìWz s:O"Ëu3 bïWÇB ÈË «ñUî˛ WK|œñWÖ®5 :v¶:|ËUz œ WïWÙ ©3BCl       ø«œ

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

Æ» 53:Ëd¶|Uï ö|œñWÖ ñ:Ëbì ÊUï:Ëd¶JOìWz s:O"Ëu3 bïWÇN ÈË «ñUî˛ WK|œñWÖ®7 :v¶:|ËUz œ WïWÙ «œ ©3NF           ø«œ

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

ÆÃ «ó:|;d! uë Wï«œ U<…Ë ÆWfi:OçM! «b|ñ:u! s:Oï:u|Uz ËËœñWÙ «ñW§ÑUïœ UJ:OìñUë UA:OëËUÙ1:1„…Ë vë…œñWÖ UïUMO£J:OÄ :u! ÊWëœ vJ:OìñUë

          ÆÂWÙñW!

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

Æœ uë Wï«œU<…:ËB ËNW|dJJ:OìñUë ˜Wz :ÈñWz øf|uì ‘d" W¶O! :Èœ Ê«Ë óOë ¨ÊdÖœËËœ p:Oz «bOîWÙñW! œ ‘W!ËUÙ «bïW! UJ:|;d!

          ÆWJ! ÊËË;ñ :u8 Uç<ñW! øÈ˛ Èñ:uì≠b¶Aï:Ëd! :vÅd" W¶O! :Èœ

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

ÆÁ         ÆWJ! ÊËË;ñ :u8 Uç<ñW! øf|uì :v¶H" W¶O! :Èœ ÈdJJ:OìñUë óOë

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

˜Uïñ«ËñW!‰:uÄ
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 ∫ í<ñW! W"ñuë     ∫…b! s:OÙœ s:|ñUO<dÄ Uç<ñW! ÈdJïU8ñW" :vN'

.1                 ∫ÊU¶H" Ë ‘d" U| Èñ:uì≠b¶Aï:Ëd! U<UM:OÄ í|Ëbì …b! s:OÙœ s:|ñUO<dÄ Uç<ñW!

```````````````````````````````````````````````````Æ√ :v¶H" ¸…ËUÙ3SO2H     øWOOÇ

```````````````````````````````````````````````````Æ» :v¶H" ¸…ËUÙ
+
4NH       øWOOÇ

```````````````````````````````````````````````````ÆÃ :v¶H" ¸…ËUÙO2H   øWOOÇ

```````````````````````````````````````````````````Æœ :vÅd" ¸…ËUÙO2H    øWOOÇ

```````````````````````````````````````````````````ÆÁ :vÅd" ¸…ËUÙ
–2
4HAsO      øWOOÇ

.2 ∫ÊdëWO"UÙ :È˛ s|;d!ñ…œ :ÈñU) UA:OëËUN! uë ÈWÙ U|WJ:OìñUë ˜Wz W"

)aq(-3) + HCOqa(3NH←→)aq(2-
3) + COaq(+

4NH

Æ√ uë Uï«œ U<…Ë Wî ñWÖWz
+
4HN :vÅd"1 :vÅd" ∫ s:OÑ«ñ«“ UïUMOzñUJ! WJ!ñU|œ d¶|œ s:|œœUî :v< ñWÙ U|WîUM<Uï ¨2 :v¶H" ¨1¨

 :v¶H"2           ÆÊU¶H" ≠ ‘d" ¸ËUÙ s:O"Ëu3 :u! ¨

```````````````````````````````````````````````````2–
3CO

```````````````````````````````````````````````````–
3HCO

```````````````````````````````````````````````````3NH

```````````````````````````````````````````````````Æ»       ÆWJ! ÊËË;ñ «b|dJJ:OìñUë s:|œœUî «ñW§ÑUïœ vï:u":ËdÄ UM¶<UÙuÖWÑ :v¶<«;ñUz

.3 ∫ÈWÙ U| :ÈñU) UA:OëËUÙ ˜Wz W"

)lO(2 + H)aq(2–
3CO←→)aq(–) + OHaq(–

3HCO

Æ√       ÆWJ!ñU|œ «bOîW¶fiO< :vÑWz œ ¸…ËUÙ s:O| ©XH"≠‘d"® s:O"Ëu3 ËËœñWÙ

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

Æ»         Æ©…d" ˜ö!ñW!® …d"ËU! ©Wï«ËW¶<«ñ® WMOAOÄ UJ:OìñUë «b|ñ:u! UA:OëËUÙ œ ∫…b§J:Oì s:OÙœ s:OÑWz

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

UJAÄ UïËuÇ«b:OÄ3-3

 v¶H"≠‘d" s:OJ:OìñUë

:ÈbïW!3

 XH" Ë ‘d"

˜Uïñ«ËñW!‰:uÄ
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.4                   ∫WfiOçM! s:OÙœ s:O| :vïËu§A:OëËUÙ s:OJ:OìñUë ÊUÑ ˛ p:Oz ñWÙ œ v"UNJ:OÄ UO:|u8 :vëu:OÅ

```````````````````````````````````````````````````Æ√       Æp|ñ:uH<:uã :vÅd" ‰WÖœ Â:uO<U":u! :ÈbOfië:Ëñb|UÙ

```````````````````````````````````````````````````Æ»          Æ“:Ëd¶|Uï :vÅd" ‰WÖœ Â:uOfiOìUë :ÈbOfië:Ëñb|UÙ

```````````````````````````````````````````````````ÆÃ     ÆÂ:u|ñU! :ÈbOfië:Ëñb|UÙ ‰WÖœ p:Oî:Ë;d!:Ëñb|UÙ :vÅd"

```````````````````````````````````````````````````Æœ      ÆÂ:uOßOì :ÈbOfië:Ëñb|UÙ ‰WÖœ p|œdÖ:uÖ vÅd"

.5     ∫W|WÙ :ÈñU) UïËu§A:OëËUÙ UJ:OìñUë U~ïWfiÑWÙ WïUA:OëËUÙ ˜Wz W"

)lO(2 + H)aq(4SO2Na→)aq) + NaOH(aq(4SO2H

Æ√ ∫WJ! @ïWfiÑWÙ :vA:OëËUÙ

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

```````````````````````````````````````````````````Æ»            ÆWJ!ñU|œ «b|ñËu! UA:OëËUÙ œ ©ñ«bÅW!Wï® ñWëd|W< s:Oïu|Uz

```````````````````````````````````````````````````ÆÃ          ø…bïWÇ v¶H" :u! ‘d" U| vì:uî «ó:|ñ ¨XO‹:O! ñUë ˛ vîUîW¶! ÊU|dJJ:OìñUë vîWÙ p:OìñUë uëU"

.6  :u! Ê;dÑ“œ Ê«Ë U|d¶Ä sMOzœ p:OÄ :vï«ñU! WÅd" s:|“UÖ ËWzxNO ËxSO               Æ

Æ√         ÆWMO! Ê«“UÖ ÊUÑWz ñWfiì UëWïËu/ bïWÇ

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

Æ»ÆXOMfiëuz œ «b:OOïWîW"Ëu< œ :ÈœdÖuÖ ¨XO¶<W! œ v¶ãWï Ë ÈñW! UO|˛…ñ UM"ufi! XAÄ Ê«Ë «“Ë :Èñ…b:|˛ uë s:OÙWÖñUë ËWz

 «“UÖ X|˛Ëu< œ «b|«ËWÙ œ œ:uÖuÖ Uî…œ2SO ‰WÖœ :ÈË UM"d~J:Oz :vîU$Wz ˛ …“UÖ ˜Wz Ë ÆXOMOzœ p:OÄ2OÈ«ËWÙ U|

 «“UÖ3SO «“UÖ Ë XOMOzœ p:OÄ3SOs:OA:OëËUÙ ËWz ¨XOMOzœ p:OÄ vJ|œdÖ:uÖ :vÅd" Ë †Wëœ :vJ:OìñUë vÑUz ‰WÖœ È˛

           ∫WfiOçM! †Wëœ ñU|œ ÊUJ:OìñUë :v< ñWÙ ÊUÑWz s:|ËWz @ïW<ËUÙ s:O| v|UOLOë

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

ÆÃ¨«b|«ËWÙ ˜Uï Wï…œñW! œ :vMO3:Ëd¶|Uï s:|bOfiëuz ¨ÊWëœ X<Ëñœ «ñW~ëUÄ Ë ÈœñWà :vK!“ s:|ËWz È“U<WA:OÄ s:OëW| ËWz

 UM|ñuNÖ U| @ïW<ËUÙ UëWA:OëËUÙ(g)5O2N           ∫:vÑUz ‰WÖœ ÈË UïdJJ:OìñUë UJ:|ñ » Wfi:OçM! p|d¶|Uï :vÅd" :u!

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

˜Uïñ«ËñW!‰:uÄ
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∫ í<ñW! W"ñuë   ∫…b! s:OÙœ s:|ñUO<dÄ Uç<ñW! ÈdJïU8ñW" :vN'

.1```````````````````````````````````````````````````    Æ√       ÆWfiOçM! “:Ëñ:uKë:uá|UÙ :vÅd" :vëu:OÅ

```````````````````````````````````````````````````Æ»  :vÑUï)aqHF(          ÆWfi:OçM!

```````````````````````````````````````````````````ÆÃ ñWÖWz2)4O2Pb(C rÅuè;ñuè :v"ô«eÖ:uz :vïó:O§!)IV(            øWOOÇ pOì«eÖ:uz :vÅd" :vëu:OÅ :ÈñWz ¨

```````````````````````````````````````````````````Æœ    ÆWJ! ˜Uï ÈWÙ «œ :vìW8 ˜Uïœ vÅd" ËWz

.2 :v¶A8 …dÑe! dë vÑb:OÄ ñfl¯Wz Æ…b! :ÈñU) s:|ñUO<dÄ Uç<ñW! ¨b¶AïËd! s:O¶H" Ë vÅd" «“ËœdO! í|Ëbì6-3 :ÈñWÄñW!83˛

    ∫ v!U"uè UëËu"ñWÄ

```````````````````````````````````````````````````Æ√ :v¶H" ¸…ËUÙS2H           øWOOÇ

```````````````````````````````````````````````````Æ» v¶H" ¸…ËUÙ
2–
4HPO    øWOOÇ

```````````````````````````````````````````````````ÆÃ :vÅd" ¸…ËUÙ3NH       øWOOÇ

.3 ∫ÊdëWO"UÙ :È˛ s|d!ñ…œ :vA:OëËUÙ :vÑW£! «ËWz WJ! «bOJ:OìñUë :ÈËWz œ :u8 «ñeÙ

)aq(–2
3) + COlO(2H→)aq(–

3) + HCOaq(–OH

 uë Uï«œ U<…Ë Wî ñWÖWz
–OH :v¶H"1 s:OÅd" ËËœñWÙ :ÈñWz1 Ë2 :v¶H" Ë ¨2   ø WMÇ

```````````````````````````````````````````````````Æ√ :vÅd"1

```````````````````````````````````````````````````Æ» :vÅd"2

```````````````````````````````````````````````````ÆÃ :v¶H"2

.4     ∫Wfi:OçM! s!œ «b|WÄ :ÈñU) s:O| ÈËu§A:OëËUÙ s:OJ:OìñUë ˛ p:Oz ñWÙ ˛ UO:|u8 ËWz :vëu:OÅ

```````````````````````````````````````````````````Æ√          Â:uO<U":uÄ :ÈbOfië:Ëñb|UÙ ‰WÖœ “:ËœdÖ:uÖ :vÅd"

```````````````````````````````````````````````````Æ»         Â:uOfiOìUë :ÈbOfië:Ëñb|UÙ ‰WÖœ p|ñ:uH<:uã :vÅd"

.5 s:Oï:u|Uz ¨p:Oï:u!ñUë :vÅd"
+O3H       ∫†…œœ ÊUäUï:uè ËËœ » «b:OÑUz œ

Æ√        ÆsM:|uï œ ÊUäUï:uè ËËœñWÙ s:|ËWz Wfi:OçM! ÊUA:OëËUÙ ËËœñWÙ Ê«ËWz

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

 @ï…;ñWîWÙ UïËuÇ«b:OÄ

:ÈbïW!3

 XH" Ë ‘d"

˜Uïñ«Ë«ñW!‰:uÄ
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```````````````````````````````````````````````````Æ» ø†Wëœ «b|WÄ W|d"ñ:Ë“ «œUï:u|Uz «b|…Ë«dOÖœ ⁄Uï:uè óOë

.6 ˛ WJ|e:Oï „WìWÖ WëWfiOï ñ:Ë“ :vëWKÅ s|dãW! :v| :vJ:ONO< :vÅd"100%COOH3CH:vÅd" ÊWëœ ‰WJ:O" :vÑUz ‰WÖœ Uî…œ

                 ÆX:OÙœ p:OÄ ÊËËñ :v| :vJ:ONO<

Æ√:u8 Uç<ñW! øvÅd" ñW< W|Wë :vÑUz :Èœ ÊU| :vÑUz ñW< W|Wë vÅd" :Èœ :ÈñWz ¨ÈWëœ…œUîUz ÊËËñ :vÅd" :ÈË«dOÖ u" Uî…œ

          ÆWJ§ïËËñ

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

Æ»             ÆXOMOÙWÖœ :v!…ñUë ÊËËñ :v| :vJ:ONO< :vÅd" :vìW! ¨XOMOÙWÖUï :v!…ñUë :vJ:OO< :vÅd" …dãW! ∫…b! p:Oì s:OÙœ s:OÑWz

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

ÆÃ            øXOMOÙWÖœ ı WÑWz Æ«bO¶<W8 ÊUîWÙœ Ë ÊËËñ :v| vJ|d¶|Uï :vÅd" vë…Ë XOMOÙWÖUï :v!…ñUë ÊËËñ :v| :vJ:ONO< :vÅd"

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

Æœ ∫…b! p:Oì Ê:u":ËdÄ p:Oz s:O| ˛ :vJ:ONO< :vÅd" UïUï«œ vÅUÄ ¨:vJ:ONO< :vÅd" :v| :ÈñU) :ÈËWz :vM"UNJ:OÄ :vëËu:OÅ WJ4W<

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

```````````````````````````````````````````````````ÆÁUïUMOzWç¶<…b! :u!˛ ÊUMOzñUJ! WM:ON! uë ÊbïWÇ vÑb:OÄ s:O| s|dãW! :vJ:ONO< :vÅd" s:Oî«dÖ «ñUîóÙ

250 mL :vJ:ONO< :vÅd" s:|2.00 M    ÆWJ§ïËËñ u8 s:O|ñU|d:Oî˛ vîWÙ ø

.7ÊUJÇU?|ñ…œ U?| ÈœñW?à U?M?O?Ç U?O?3:u?ìu:O?3 v?ëWÅW?! v?ë…u:OA! «b?ï«“ËW?4 Ë W?J?ÇU?|ñ…œ ‰ :v?ï«ñU?! WÅd?" U?| v?¶AÖ U?ïd?J:O?"ñU?ë

:vÅd" ‰WÖœ Â:uOfiìUë :v"Uï:u!ñUë uë :̈vî:uOfiìUë :v"Uï:u!ñUë ˛ Ê;dÄœ uJïUz ¨©WMOfiKë® WMOKfièœ dÑWë «bï«ñU! „…bMÙœ Æ†WëœñU|œ

 Æ†WëœñU|œ ÊU|dJJ:OìñUë :vM¶! uë :ÈñU) «ËWz :vï:u|Uz UA:OëËUÙ :vÑWz í|Ëbì †Wëœ :vJ:OìñUë «b|WJÇ U|ñ…œœ :vÑUz

→)aq(+O3) + 2Hs(3CaCO

Æ√             ∫WJ! ÂUîW" vï:u|Uz UA:OëËUÙ :ÈñWz

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

Æ» ‰WÖœ uë XO! :vM¶! UJ:OìñUë ËWz ¨WJ:OìñUë ˜Wz ñWÖWz
+O3H UO¶<W8 :ÈñWz ¨†…b§|Ëñ «b|WJÇU|ñ…œœ

+O3HUÑUzœ

® v?M?O?3:Ëñb:O?Ù :v<Ëu?ï…ñ W?"W?ëñU?ë :Èœ ËW?z :ÈñW?z Ë øXO?! r:O??ë :Èœ ÊU??| XO??!…b:|“ :Èœ «b??|W??J??ÇU??|ñ…œpHU?ÑU?z :v?| ©

       øÈWJÇU|ñ…œ

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

H–C–C

O–HH

H O

˜Uïñ«Ë«ñW!‰:uÄ



32

 ∫ í<ñW! W"ñuë    ∫…b! s:OÙœ s:|ñUO<dÄ Uç<ñW! ÈdJïU8ñW" :vN'

.1        ∫…d:Oîó! Èdë“U8«œ :v|UÙW!

````````````````````````````````````````````    Æ√]–[OH uë …d:Oîó! :vë…Ë«dOÖ :È]+O3[H  WïUfiëW| «b:O" M–6 10*1      Æ

```````````````````````````````````````````Æ»]–[OH uë …d:Oîó! :vë…Ë«dOÖ :È]+O3[H WïUfiëW| «b:O" M–9 10*1           Æ

```````````````````````````````````````````      ÆÃ]+O3[H uë …d:Oîó! :vë…Ë«dOÖ :È]–[OH WïUfiëW| «b:O" M–12 10*1                Æ

.2 :v¶A8 «œ vÑb:OÄ :vî…œœ ¨…b! :Èñ«:u8 ‰ s:|ñUO<dÄ ÊUÑ Uç<ñW! b¶AïËñb! :v¶H" Ë ‘d" «“ËœdO! ñ:uÖ ‰6-3 :ÈñWÄô :È83
    ÆWMO!ñUJ! «œ v!U"uè Uëu"ñWÄœ

```````````````````````````````````````````````````Æ√pOH uë …d:Oîó! :vë…Ë«dOÖ :ÈpH ‡! WïUfiëW| ÈË2.0        Æ

```````````````````````````````````````````````````Æ»pH uë …d:Oîó! :vë…Ë«dOÖ :ÈpOH ‡! WïUfiëW| ÈË4.73  Æ

```````````````````````````````````````````````````ÆÃpH uë …d:Oîó! :vë…Ë«dOÖ :È]+O3[H ‡! WïUfiëW| ÈË M–3 10*1  Æ

```````````````````````````````````````````````````Æœ]–[OH uë …d:Oîó! :vë…Ë«dOÖ :ÈpOH ‡! WïUfiëW| ÈË5.0 Æ

```````````````````````````````````````````````````ÆÁ]–[OH uë …d:Oîó! :vë…Ë«dOÖ :ÈpH ‡! WïUfiëW| ÈË1.0    Æ

.3 ∫…d:Oîó! Èdë“U8«œ :v|UÙW!

```````````````````````````````````````````````````Æ√pH  uë …d:Oîó! :vë…Ë«dOÖ È]+O3[H WïUfiëW| «b:O" M–5 10*2.34          Æ

```````````````````````````````````````````````````Æ»]–[OH  uë …d:Oîó! :vë…Ë«dOÖpOH WïUfiëW| «b:O"3.5      Æ

```````````````````````````````````````````````````ÆÃ]–[OH  uë …d:Oîó! :vë…Ë«dOÖ]+O3[H WïUfiëW| «b:O" M–8 10*4.6      Æ

 ∫ „…ñUO<dÄ bïWÇ ∫Wfi:OçM! «œ ÈdJïU8ñW" UOOÙôUÑ œ :u8 «ñU|dë Ë …b! Ê«ñUO<dÄ ÊUÑ s:Oç<ñW!

.4 vÑUz :vë…Ë«dOÖ]+O3[H  ‡! WïUfiëW| «b:O" M3– 10*2.3        ∫…b! s:OÙœ s:OÑWz Uç<ñW! ¨

```````````````````````````````````````````````````Æ√]–[OH     Æ…d:Oîó! «œ È…Ë«dOÖ vÑ œ :È

```````````````````````````````````````````````````Æ»pH         ø…bïWÇ :vJ:ON:O< :v|…Ë«dOÖ :È

UJAÄ UïËuÇ«b:OÄ1-4

:vMO3:Ëñb|UÙ :v<Ëuï…;ñ :vÙW~:O" Ë vÑUz s:|Ë«dOÖ

:ÈbïW!4
Ë ÊU¶H" Ë ‘d" UïbïU~ïW<

 vMO3Ëñb|UÙ :v<Ëuï…;ñ

˜Uïñ«ËñW!‰:uÄ
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```````````````````````````````````````````````````ÆÃpOH    Æ…d:Oîó! È…Ë«dOÖ vÑ :È

Æœ          Æ…b! WÑ:ËdÖ » :u8 Uç<ñW! øWA:OëËUÙ ÊU| W¶H" ÊU| WÅd" …Ë«dOÖ :ÈñWz

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

.5 ˛ ÈdJïËËñ :vë…Ë«dOÖ2Ba(OH) ÈË UO¶<W8 ¨W|WÙ0.025 M                   ∫…b! Ê«ñUO<dÄ ÊUÑ Uç<ñW! ¨W|

Æ√ :v|UÙW!]–[OH          ÆWJ! ÊËËñ :u8 Uç<ñW! ø…bïWÇ «œ È…Ë«dOÖ vÑ œ

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

```````````````````````````````````````````````````Æ» :v|UÙW!pH ø…bïWÇ È…Ë«dOÖ vÑ :u!

.6 ¨vïUÖñ“U! UJ:ON:O< œ100 mL           Æ«œ È…Ë«dOÖ

```````````````````````````````````````````````````Æ√         ø…bïWÇ È…Ë«dOÖ UO¶:|ñô:uî

Æ» :v|ñU|dë :v|UÙW!]+O3[H ¨ WïUfiëW| ¨«œ ©√® «ñUO<dÄ œ «œ :vJ:ON:O< :È…Ë«dOÖ œ M3– 10*4.2UM:Oï:u|Uz :ÈñWz

COOH3CH ˛ …d¶Ä1% ˛ …d¶L:Oë ÊU|1%              ÆWJ! WÑ:ËdÅ :u8 Uç<ñW! ø

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

```````````````````````````````````````````````````ÆÃ øXO! e:OÙ :v! ÊU| ¨e:ON! :v| :Èœ ©pO¶<Wz® p:O"d< :vÅd" :ÈñWz

```````````````````````````````````````````````````ÆœpH      ø…bïWÇ :vJ:ON:O< È…Ë«dOÖ :È

˜Uïñ«ËñW!‰:uÄ

COOH 6 g3CH
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UJAÄ UïËuÇ«b:OÄ2-4

ÊbïU~ïW< Ë :vMO3Ëñb|UÙ :v<Ëuï…ñ UïdëñU|œ

:ÈbïW!4
Ë ÊU¶H" Ë ‘d" UïbïU~ïW<

  :vMO3:Ëñb|UÙ :v<Ëuï…;ñ

∫ í<ñW! W"ñuë    ∫…b! s:OÙœ s:|ñUO<dÄ Uç<ñW! ÈdJïU8ñW" :vN'

.1 :v|UOîWÇ :v|WM:|Ë :Èñ«u) :ÈËWzpH s:OìU8 :v< ñWfiì Ë ÆWO¶H" ≠‘d" UïbïU~ïW<X ¨Y ¨Z Æ

```````````````````````````````````````````````````Æ√             ø†…œœUAOï :v|e:OÙËUÙ ôU8 ¨‰U8 óOë

```````````````````````````````````````````````````Æ»      øW|…b:|“ :vÅd" «œ :vìU8 óOë œ ¨«œ vîW¶fiO< vÑœ

```````````````````````````````````````````````````ÆÃ     øW|…b:|“ :v¶H" «œ :vìU8 óOë œ ¨«œ vîW¶fiO< vÑœ

 ∫ „…ñUO<dÄ bïWÇ  ∫WJ!ñU|œ «œ ÈdJïU8ñW" UOÙôUÑ œ :u8 :ÈñUë Ë Æ…b! :Èñ«u8 ‰ s:|ñUO<dÄ ÊUÑ Uç<ñW!

.2 ˛ vJïUçOÄ :vë…Ë«dOÖ0.065 M HCl:vO¶:|ñôuî UïdëñU|œ :u! Ævî:uOfiOìUë :ÈbOfiëËñb|UÙ :ÈË«dOÖ «bïU~ïW< :ÈñWÖWz W|Ëu! ¨

 » vÑb:OÄ ñfl¯Wz ÆÈË ÊUOO"…ËWï«u" Ë25.0 mL UïdJA:OëËUÙ :u! Ædë v¶H" ˛10.0 mL ÆvÅd" ˛

Æ√    ∫Wfi:OçM! :vJ:OìñUë :u! @ïW<ËUÙ UA:OëËUÙ

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

v¶H" ≠ ‘d" UïbïU~ïW< :v|UOîWÇ

 ÈdJ:O" vÅd"mL

X

Y

Z

˜Uïñ«ËñW!‰:uÄ
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```````````````````````````````````````````````````Æ» :ÈË«dOÖ UO¶:|ñô:uî2Ca(OH)           ø…d:Oîó!

```````````````````````````````````````````````````ÆÃ       ø…d:Oîó! «œ È…Ë«dOÖ Uë…d¶Oì œ ÊUî«dÖ » v¶H" UOO"…ËWï«u" ¨«œ ©»® «ñUO<dÄ œ W" Uç<ñW! ñ:uÖ ‰

.3 ©:ÈñWfiîW3® Ê:Ëd¶ëWìWz UïdJîuIï » È˛ËWz vMO! tº! :vïbïU~ïW< È…Ë…ñW<Uï v:O! v:OÅ œpHuë «œ :vëWïUîUz œ ÈñWç:OÄ

:vÑ s:O|«œ ËWz ÊWJ!b:O" «œ :vëuA:Oì œ ÈdëñU|œ v¶:|ñüuî :ÈË«dOÖ Èb:OÙ Èb:OÙ Ë ÆXO! «b:O" ñU|œWï v¶:|ñüuî :vë…Ë«dOÖ

 ∫s:OÙœ s:|ñUO<dÄ ËËœ ÊUÑ Uï«œ í<ñW! :u! WMO!ñUë » :Èñ«u8 ‰ UïbïU~ïW<

 :ÈñU!Wè)aqKOH( «bOïUîUz œ30.0 mL =   Æ

 UO¶:|ñô:uî)aqHCl( «œ vë:uA:Oì œ=0.50 M    Æ

 œ †…œb|ËËñ ;dÄu"uë UëWM|ñ:uÙuÖ :vî…œ œpH˛10 :u!4 :u! ÈdJ:O" :vÅd" :ÈñU!Wè ¨KOH  :u! ÊUfiëW|27.8 mL   Æ

```````````````````````````````````````````````````Æ√ UOì:uî «ó:|ñ]–[OH Ë]+O3[H                   ø…bïWÇ «œ vîW¶fiO< vÑ œ

```````````````````````````````````````````````````Æ» :ÈË«dOÖ UO¶:|ñôuîKOH       øÈñ:u! s:OMOï«e:OÄ UïUMOzñUë » …d:Oîó!

ËUïñ«ËñW!‰:uÄ
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 åñ:u3 Ë «ñ:u3ò @ï…;ñWîWÙ UïËuÇ«b:OÄ

:ÈbïW!4
ÊU¶H" Ë ‘d" UïbïU~ïW<

  :vMO3:Ëñb|UÙ :v<Ëuï…;ñ Ë

 ∫ í<ñW! W"ñuë   ∫ …b! s:OÙœ s:|ñUO<dÄ Uç<ñW! ÈdJïU8ñW" :vN'

.1        ∫…d:Oîó! Èdë“U8«œ s:|UÙW!

```````````````````````````````````````````````````    Æ√pH uë :vë…Ë«dOÖ :È]+O3M = [H–4 10*1                  ø …d:Oîó!

```````````````````````````````````````````````````Æ»]+O3[H uë :vë…Ë«dOÖ :ÈpH ÈË13.0        ø …d:Oîó!

```````````````````````````````````````````````````ÆÃ]+O3[H uë :vë…Ë«dOÖ :È]– [OH ÈË M =5– 10*1               ø …d:Oîó!

```````````````````````````````````````````````````ÆœpOH uë :vë…Ë«dOÖ :ÈpH ÈË4.72           ø …d:Oîó!

```````````````````````````````````````````````````ÆÁpH uë :vë…Ë«dOÖ :ÈHp ÈË]–1.0 M = [OH                 ø …d:Oîó!

.2       ∫…d:Oîó! :Èñ«u8 ‰ s:OÑWz ˛ p:Oz ñWÙ

```````````````````````````````````````````````````Æ√pH uë :vë…Ë«dOÖ :È]+O3 M = [H9– 10*.6.25          ø…d:Oîó!

```````````````````````````````````````````````````Æ»]–[OH uë :vë…Ë«dOÖ :ÈpOH ÈË2.34  ø …d:Oîó! ¨XO!

```````````````````````````````````````````````````ÆÃpH UOfiOM~ïWî :ÈdOÅ :È)2(Mg(OH) » WïUfiëW| vJ|e:OM!10.5 ¨Ëu!]–[OH       ø…d:Oîó! ÈË

 ∫ „…ñUO<dÄ bïWÇ  Æ…b! UAOï «œ ÈdJïU8ñW" UOOÙôUÑ œ :u8 :ÈñUë Ë …b! s:OÙœ s:|ñUO<dÄ Uç<ñW!Ë

.3 :ÈË«dOÖ UOM:Oï:u|Uz :vî…œ4SO20.0012 M H      ÆÊbïUï:u|Uz W¶:OÙœ vîU9 » uë vï«e! ñWÖWz ¨…b! s:OÙœ s:|ñUO<dÄ ÊUÑ Uç<ñW! ¨«œ

```````````````````````````````````````````````````Æ√ :v|UÙW!]+O3[H :ÈË«dOÖ œ4SO2H       ø«œ

```````````````````````````````````````````````````Æ» :v|UÙW!]–[OH         ø«œ È…Ë«dOÖ vÑ œ

```````````````````````````````````````````````````ÆÃ :v|UÙW!Hp      ÆÈ…Ë«dOÖ vÑ :u!

˜Uïñ«ËñW!‰:uÄ
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.4  UëWïËu/ ¨«œ :vëWïbïU~ïW< œmL25.0HCl˛M0.150 ‰WÖœ44.45 mL˛2Ba(OH)    ∫XO!œ g:OëËUÙ

Æ√       ÆWfi:OçM! :vJ:OìñUë :vÑ :u! @ïW<ËUÙ UA:OëËUÙ

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

```````````````````````````````````````````````````Æ»    ø…bïWÇ XH" :ÈË«dOÖ UO¶:|ñô:uî

.53.09 g p|ñ:u! :vÅd" ˛3BO3H :u! È…Ë«dOÖ :ÈñU!Wè Ë ¨Êbï«u" «œ :vÑUz œ200. mL     Æ

```````````````````````````````````````````````````Æ√            ø…d:Oîó! È…Ë«dOÖ UO¶:|ñô:uî

Æ»3BO3HÊËËñ :vëWäUï:uè ñWÙ UM:Oï:u|Uz uë Wfi:OçM! :vA:OëËUÙ :ÈË ¨ÊbïUï:u|Uz W¶:OÙœ «œ ÊUäUï:uè :v< » «œ È…Ë«dOÖ œ

     ø…d"bMK! :ÈË UMOï:u|Uz öÄ uë s"ñUîóÙ W¶:OÙœ WäUï:uè óOë ¨†Wëœ

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

```````````````````````````````````````````````````ÆÃ :v|UÙW!]+O3[H Ë †UÙ ñWÖWz ¨…bïWÇ «œ p|Ëñ:u! :vÅd" :ÈË«d:OÖ œpH=4.90   ø

```````````````````````````````````````````````````Æœ :ÈË«dOÖ UMOï:u|Uz U| :ÈœW< U|…ó:|ñ :ÈñWz3BO3H ˛ XO! d¶L:Oë ÊU| XO! d¶Ä :Èœ1%     ø

˜Uïñ«ËñW!‰:uÄ
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 ∫ í<ñW! W"ñuë    ∫…b! s:OÙœ s:|ñUO<dÄ ÊUÑ Uç<ñW!

.1  ∫…b! s:OÙœ s:OÑWz Uç<ñW! vÅUÄ ¨WJ! :Èñ«u8 ‰ s:O|UOLOë s:OA:OëËUÙ ÊUÑ UM|d:Oï

) + 241.8 kJ/molgO(2 H→)g(2 O2–
1) +g(2H

)g(2 O2–
1) +g(2 H→) +241.8 kJ/mollO(2H

```````````````````````````````````````````````````    Æ√     øX|ó:Oî œ ÊU| †…œœ :È“Ë XOÅ …ËbìWÙ p:Oì qÅ UÑUz :vî…œ :ÈñWz

```````````````````````````````````````````````````Æ» øWOOÇ :vïUÅ…uìWÙ  p:Oì UJ:OìñUë UOOîñWÖ UM|ñ:uÙuÖ :vÑ :u! v|U$uÖ UïUAOï

 ∫ „…ñUO<dÄ bïWÇ  ∫Wfi:OçM! «œ ÈdJïU8ñW" UOÙôUÑ œ :u8 :ÈñUë Ë …b! s:OÙœ s:|ñUO<dÄ Uç<ñW!

.2``````````````````````````````````````````````````` ñWÖWz200.g UOOîñWÖ öÄ œ :vÑUz ˛20ºC ¨«œ41840J:vÑUz :u! :vJ:OÙU1Ëœ UOOîñWÖ öÄ ÆÊó:O0 :È“Ë

  :vÑUz :u! Èñ:u3 UOOîñWÖ øXO!bïWÇ :Èœ(4.18 J/g•ºC)   Æ

.3``````````````````````````````````````````````````` » vÑb:OÄ «“ËkJ UOOîñWÖ öÄ UïdëbMK! :u! ¨625 g UOOîñWÖ öÄ ‰ vî:uOMîuìWz ˛30.7ºC :u!82.1ºC

 vî:uOMîuìWz :u! Èñ:u3 UOOîñWÖ ñWÖWz ø…bïWÇºC)•(0.900 J/g    øXO!

.4 :vëWJ:OìñUë s:O"UNîWÙñW! :u! vîñWÖ Uë:ËñWÑUï uë vï«e! ñWÖWz458 kJ/mol:vJ:OìñUë s:|ñWJ:OìñUë :u! :vOOîñWÖ Uë:ËñWÑUï Ë

 :vJ:OìñUë658 kJ/mol    ÆXO!

```````````````````````````````````````````````````Æ√ :v|UÙW!H∆             ø…bïWÇ :vJ:OìñUë :vÑ :u!

```````````````````````````````````````````````````Æ»     øv"UNîWÙñW! ÊU| ©ñWJ:OìñUë® ÈdJJ:OìñUë øWî«ñUz U|d¶Ä vîW¶fiO< vÑ ˛ pAÄ óOë

UJAÄ UïËuÇ«b:OÄ1-5

 :vOîñWÖ U|UOLOë

:ÈbïW!5

ÊUJ:OìñUë «“Ë

˜Uïñ«ËñW!‰:uÄ
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.5 :̈vMOKO¶<Wz «“UÖ UM"Ëu< vîñWÖ ñWÖWz2H2C–1301.1 kJ/mol            ÆXO!

Æ√ UM"Ëu< UîUîW" :u! @ïW<ËUÙ UOOîñWÖ U| v|UOLOë UA:OëËUÙ2H2C        ø Wfi:OçM!

  ‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

```````````````````````````````````````````````````Æ» ñWÖWz0.250 mol2H2C:vJ:OìñUë :vÑ ˛ «“Ë ËWz ¨dë p:OìñUë ©√®  Èñ:u! UA:OëËUÙ ñ:uÖ ‰

              ø …bïWÇ XOÑWëœñ…œ

```````````````````````````````````````````````````ÆÃ ˛ Â«dÖ bïWÇ2H2C©UM¶:OÑUÙ® Uïbï«ñWÄñ…œ :u! ¨«œ©√® œ UA:OëËUÙ ñ:uÖ ‰ Æ:vïdJ:OìñUë :u! WMOÑbOÄ

3900 kJ        ø :È“Ë

.6```````````````````````````````````````````````````H∆  «ñW§ÑUïœ UJ:OìñUë ÈAlË3O2Fe∫vA:OëËUÙ :vÑ ñ:uÖ ‰ †…œb|ËËñ p:OìñUë 5ï«“ :u! ¨…d:Oîó!

 + 2Fe3O2 Al→3O2 2Al + UM"UNJ:OÄ UOOîñWÖ3O2Al » WïUfiëW|–1676 kJ/molUOOîñWÖ Ë

 UM"UNJ:OÄ3O2Fe » WïUfiëW|–826 kJ/mol                  Æ

.7```````````````````````````````````````````````````≠√® :v¶A8 UïUMOzñUë »5 ¨«œ v!U"uè UëËu"ñWÄ œ W|WÙ uë ©H∆:Èñ«u8 ‰ UA:OëËUÙ :vÑ :u!

 ∫WJ!ñUî˛WÙ

)g(2) + OlO(2 2H→)l(2O22H

˜Uïñ«ËñW!‰:uÄ
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 ∫ í<ñW! W"ñuë      ∫ …b! s:OÙœ s:|ñUO<dÄ Uç<ñW!

.1           ø :Èñ«u8 ‰ s:OÑWz ˛ p:Oz ñWÙ :u! WJ! vÄ:Ëd¶MOz » :vM¶<W! XAÄ ø :vOÅUÄ ÊU| :̈vOA:OÄ :v¶<«ñUz ¨…d"ËU! óOë WJ!ñU|œ

```````````````````````````````````````````````````    Æ√)gHCl(←→)lHCl(

```````````````````````````````````````````````````Æ»)s(6O12H6C←→)aq(6O12H6C

```````````````````````````````````````````````````ÆÃ)g(2) + 3Hg(2N←→)g(32NH

```````````````````````````````````````````````````Æœ)l(12H6C←→)g(4H23C

.2```````````````````````````````````````````````````Æ√UM|ñ:uÙuÖ uë ¨vOÄ:Ëd¶MOz UM|ñ:uÙuÖ Ë :̈vOOîñWÖ Uë:ËñWÑUï «ñW§ÑUïœ UO|bï…u|WÄ Wfi:OçM! vëWA:OëËUÙ

         Æ†WJ! ñU|œ X<W!ñW< «“Ë

```````````````````````````````````````````````````Æ» UïUAOïG∆         øXO! È:u‹! p:OìñUë «œ :ÈbMÙ :u! XO! ı X:OÑœ

.3 ∫ÈWÙ U| W" :Èñ«u8 ‰ UA:OëËUÙ ˜Wz

 …“Ë) +aq(–) + OHaq(+
4NH←→)lO(2H +)g(3NH

```````````````````````````````````````````````````Æ√W|«œ ÊUOÅœ ©:vOÅUÄ ÊU| vA:OÄ W¶<«ñUz óOë :̈vOîñWÖ Uë:ËñWÑUï UM|;ñ:uÙuÖ » :vM¶<W! XAÄ

          ø†…b! ÈËËñ

```````````````````````````````````````````````````Æ»          ø†…b! ÈËËñ W|«œ ÊUOÅœ ©:vOÅUÄ ÊU| vA:OÄ® W¶<«ñUz óOë :̈vOÄ:Ëd¶MOz :ÈñUë:uÙ » XAÄ

ÆÃ Uï«œ U<…Ë Wî ñWÖWz
0G∆ …d"ñW~|ñUë d¶Ä óOë vÅUÄ Ë ¨«œ v|UÙW!œ …d¶ï“Wî óOë ÆW!W3uî Èñ:u! U| :vOA:OÄ UJ:OìñUë :u!S∆T

 ÊU|H∆ø

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡‡

.4 ∫:vÑUz UïbïU*WÙ :u! «œ :Èñ«u8 ‰ UA:OëËUÙ :vÑœ

 UOOîñWÖ öÄœ®100ºCÆ ©«œ/molJ = +40.65 kH∆)gO(2H←→)lO(2H

```````````````````````````````````````````````````    Æ√        ø…óî vîñWÖ ÊU| ñ…œ vîñWÖ :vOA:OÄ :v¶<ñUz :ÈñWz

```````````````````````````````````````````````````Æ»:v| ÊU| †Wëœ ©˜ôW!ñW!® d"ËU! :vOA:OÄ :v¶<«ñUz :̈vOîñWÖ Uë:ËñWÑUï UM|;ñ:uÙuÖ :ÈñUë:uÙ :ÈñWz

          ø:vOÅUÄ

```````````````````````````````````````````````````ÆÃ           ø:vOÅUÄ :v| ÊU| †Wëœ ˜ôW!ñW! :vOA:OÄ :v¶<«ñUz :̈vOÄËd¶MOz ©:ÈñUë:uÙ® :ÈñWz

UJAÄ UïËuÇ«b:OÄ2-5

  ÊUJ:OìñUë :u! ñ…bìUÄ s:|e:OÙ

:ÈbïW!5

ÊUJ:OìñUë «“Ë

˜Uïñ«ËñW!‰:uÄ
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 ∫ ñUO<dÄ  ∫Wfi:OçM! :ÈbMÙ :u! «œ Èdë ÊU8ñW" UOÙôUÑœ :u8 :ÈñUë Ë ¨…b! s:OÙœ s:|ñUO<dÄ Uç<ñW!

.5‰ UA:OëËUÙ :vÑ «œ ¨sMO! p:OÄ Â«ñUz Wï s:|W¶:|ËUz bïWÇ uë :ÈbMÙ :u! ¨ÊWJ! Èœ s:OMO3uìUÙ ‰WÖœ :vM"d~ëW| s:OÅœ 53uìUÙ

 ∫s|dÖñ…Ë :Èñ«u8

)g2ICl(←→)g(2) + Cls(2I

 UM"UNJ:OÄ UOOîñWÖ ∫v|«œlCI : = +18.0 kJ/mol0
fH∆Ë = –5.4 kJ/mol0G∆

```````````````````````````````````````````````````    Æ√ :ÈñUë:uÙ ñ:uÖ ‰H∆         ø:vOÅUÄ ÊU| …d"©˜ôW!ñW!® ËU! :vOA:OÄ UJ:OìñUë ¨

```````````````````````````````````````````````````Æ»               ø:vOÅUÄ ÊU| †…œb|ËËñ :vOA:OÄ UJ:OìñUë :ÈñWz ¨«œ vJïUçOÄ s:O3ñWî d:|óì

```````````````````````````````````````````````````ÆÃ       ø:vOÅUÄ ÊU| …d"©˜ôW!ñW!® ËU! :vOA:OÄ UJ:OìñUë ¨vÄ:Ëd¶MOz :ÈñUë:uÙ ñ:uÖ ‰

```````````````````````````````````````````````````ÆœS∆T   ø…d:Oîó! :vîW¶fiO< vÑ

```````````````````````````````````````````````````ÆÁ :v|UÙW!S∆ œ vîW¶fiO< vÑ25ºC        ø…d:Oîó! «œ

.6         øWMOï v|:u‹! Ê«Ë óOë Ë W| È:u‹! Ê«Ë ˛ óOë WJ!ñU|œ ¨Ë …d:Oîó! s:OÙœ :Èñ«u8 ‰ s:OJ:OìñUë ËËœ ÊUÑ :u! X<W! ñW< «“Ë UM|ñ:uÙuÖ

```````````````````````````````````````````````````    Æ√)g(4) + CHg(2 2H→)sC(

K)•lmo( /J7.–80 =0S∆ h = –75.0 kJ/mol0H∆

 Ë = 298 KT

```````````````````````````````````````````````````Æ»)g(2 O2–
1) +s(4O32Fe→)s(3O23Fe

)K•lmo( = 134.2 J/0S∆ h = 235.8 kJ/mol0H∆

 Ë = 298 KT

Ũïñ«ËñW!‰:uÄ
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ñ:u3 WîWÙ UïËuÇ«b:OÄ
:ÈbïW!5

ÊUJ:OìñUë «“Ë

 ∫ í<ñW! W"ñuë  ∫…b! s:OÙœ :Èñ«u8 ‰ s:|ñUO<dÄ ÊUÑ Uç<ñW! ¨«œ ÈdëñU|œ :vN3œ

.1          ∫…ó:O! f:OÙ U|U<U| :vè…œ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2          øX|ó:Oîœ «œ :vïdJîñWÖ :vî…œœ …œœUî uë †WëœñU|œ :È“Ë :ÈË «;d! ı

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.3     ÆWJ! ÊËËñ «œ ©Èd"W1ñuìUë® «b|ñWçOÄ Wë:uîñWÖ œ :ÈË UïUçOÄ UOï«ËUÇ Ë :vM"Ëu< UOOîñWÖ ˛ Â…ñWî

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.4 :vM|:uì:u":Ëd¶|Uï WïUO< UM"Ëu< UJ:OìñUë :Èñ«u8 ‰ UA:OëËUÙ ˜WzT.N.T ∫Ê…œœ ÊUAOï

 …“Ë) +gO(2) + 3NgO(2) + 5Hg(214CO→)g(2) + 12Ol(3)2(NO5H72C

 ∫©:uÙ® ñWÖWzG∆        ÆW§ìU< «œ Èñ:u! UJ:OìñUë :vÑœ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Ũïñ«ËñW!‰:uÄ
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 ∫ ñUO<dÄ  ∫Wfi:OçM! «œ ÈdJïU8ñW" UOÙôUÑ œ :u8 :ÈñUë ¨Ë …b! s:OÙœ :Èñ«u8 ‰ s:|ñUO<dÄ ÊUÑ Uç<ñW!

.5 ∫WïWÙ Wî :Èñ«u8 ‰ s:O|ñUOï«“ Ë WJ:OìñUë ˜Wz)g(4O2 N→)g(22NO
 kJ/mol2.9= +)4O2(N0

fH∆
 kJ/mol2= +33.)2(NO0

fH∆
 = –4.7 kJ/mol0G∆

T = 298 K

```````````````````````````````````````````````````    Æ√ ¨¨WMO!ñUJ! f:OÙ U|U<U|
0H∆            Æ…d:Oîó! :vJ:OìñUë :vÑ

```````````````````````````````````````````````````Æ» vÄ:Ëd¶MOz UM|ñ:uÙuÖ
0S∆                   Æ…d:Oîó! vJ:OìñUë :vÑ :u! :È

```````````````````````````````````````````````````ÆÃ       øWO|u‹! WJ:OìñUë ˜Wz :ÈñWz

.6``````````````````````````````````````````````````` UOOîñWÖ öÄ UïdëbMK! :u! vÑb:OÄ «“Ë180.0g ˛ :vÑUz10.0ºC :u!40.0ºC:u! Èñ:u3 UOOîñWÖ Æ…d:Oîó!

 :vÑUzºC)•4.18 J/(g    Æ

.7```````````````````````````````````````````````````Æ√ UOOîñWÖ öÄœ :Èñ«u8 ‰ UJ:OìñUë :u! X<W!ñW< «“Ë UM|ñ:uÙuÖ25ºC          ∫…d:Oîó! «œ

)g(2) + OlO(2 2H→)l(2O22H

 = –196.0 kJ/molH∆

 = +125.9 J/molS∆

```````````````````````````````````````````````````Æ»  øWO|:u‹! WJ:OìñUë ˜Wz :ÈñWz

Ũïñ«ËñW!‰:uÄ
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 UJAÄ UïËuÇ«b:OÄ1-6

:vïdJJ:OìñUë U|ñU|dë

:ÈbïW!6

ÊUJ:OìñUë UO"«“Wì

 ∫ í<ñW! W"ñuë   ∫…b! :Èñ«u8 ‰ s:|ñUO<dÄ ÊUÑ Uç<ñW! ¨«œ ÈdëñU|œ :vN3œ

.1 ∫…b! s:OÙœ s:|ñUO<dÄ Uç<ñW! Ë ¨WMO!ñUJ! :Èñ«u8 ‰ :È“Ë UïdJïËËñ :vM:|Ë ˜Wz

```````````````````````````````````````````````````    Æ√  ø†…œœ UAOï ÈñWJëôUÇ :È“:uìUz «“Ë ¨ÊUÑWz ˛ óOë

 Æ ©√®A Æ©»®B Æ©Ã®C Æ©œ®D

```````````````````````````````````````````````````Æ»  ø†…œœUAOï «ñWJJ:OìñUë «“Ë ¨ÊUÑWz ˛ óOë

 Æ ©√®A Æ©»®B Æ©Ã®C Æ©œ®D

```````````````````````````````````````````````````ÆÃ    ø†…œœ UAOï ©Wï«ËW¶<«ñ® :vOA:OÄ UJ:OìñUë UïdJëôUÇ «“Ë «;d! :̈Èñ«u8 ‰ s:OÑWz ˛ óOë

 ‰ «“Ë «;d!   Æ ©√®-C ‰ «“Ë «;d!B Æ«œ

 ‰ «“Ë «;d! Æ©»®-D ‰ «“Ë «;d!AÆ«œ

 ‰ «“Ë «;d!  Æ©Ã®-D ‰ «“Ë «;d!BÆ«œ

     Æ©œ® ‰ «“Ë «;d!-D ‰ «“Ë «;d!CÆ«œ

```````````````````````````````````````````````````Æœ   ø†…œœUAOï ©Wï«ËWâ:OÄ® :vOÅUÄ UJ:OìñUë UïdJëôUÇ «“Ë ;d! :̈Èñ«u8 ‰ 5ÑWz ˛ óOë

 ‰ «“Ë «;d!   Æ ©√®-C ‰ «“Ë «;d!B Æ«œ

 ‰ «“Ë «;d! Æ©»®-D ‰ «“Ë «;d!AÆ«œ

 ‰ «“Ë «;d!  Æ©Ã®-D ‰ «“Ë «;d!BÆ«œ

     Æ©œ® ‰ «“Ë «;d!-D ‰ «“Ë «;d!CÆ«œ

```````````````````````````````````````````````````ÆÁ   ø†…œœUAOï ©Wï«ËW¶<«ñ® :vOA:OÄ UJ:OìñUë «“Ë «;d! :̈Èñ«u8 ‰ s:OÑWz ˛ óOë

 ‰ «“Ë «;d!   Æ ©√®-C ‰ «“Ë «;d!B Æ«œ

 ‰ «“Ë «;d! Æ©»®-B ‰ «“Ë «;d!CÆ«œ

 ‰ «“Ë «;d!  Æ©Ã®-D ‰ «“Ë «;d!BÆ«œ

     Æ©œ® ‰ «“Ë «;d!-B‰ «“Ë «;d!AÆ«œ

→vJ:OìñUë :v"Ë…ñ

 …
“

Ë

Ũïñ«ËñW!‰:uÄ
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.2 v|U?L:O?Ù U?J:O?ìñU?ë :ÈñU?!ñ…œX→B + A W?ïUfiëW?| ©W?ï«ËW?¶<«ñ® :v?OAÄ :v?¶<«ñU?z U??ïd??J??ëôU??Ç «“Ë ¨85 kJ/molË

 ‡! WïUfiëW| ©Wï«ËWâ:OÄ® :vOÅUÄ :v¶<«ñUz U|80 kJ/mol          Æ

```````````````````````````````````````````````````    Æ√             øÊUO"UNîWÙñW! ÊU| U|Ëœ dJJ:OìñUë ¨W|«b:O" d"ñË“ Uë…“Ë Ê«Ë˛ óOë

```````````````````````````````````````````````````Æ» ø…bïWÇ «œ :vOA:OÄ :v¶<«ñUz œ :vJ:OìñUë UOOîñWÖ :v|UÙW!

ÆÃ s:|UÙW! «ñW§ÑUïœ Èbï…u|WÄH∆ Ë :vOÅUÄ UJ:OìñUë :u!H∆  øWOOÇ :vOA:OÄ UJ:OìñUë :u!

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.3 ∫…b! :Èñ«u8 ‰ s:OÑWz Uç<ñW! :̈Èñ«u8 ‰ «“Ë :vM:|Ë UïUMOzñUJ!

Æ√ ∫ÈdJïËËñ vM:|Ë UïdJîUîW" :u! WMO!ñUë » :Èñ«u8 ‰ s:O|«œ ˜Wz = +50 kJ/molaE ¨= –10 kJ/mol
WMOA:OÄ

H∆Æ

 Ë ÊUO"UNîñW! Ë U|ËœdJJ:OìñUëH∆¨ËaE, haE'   ÆWJ! ÊUAOï Ë ˜Uï ñWJëôUÇ :È“:uìUz Ë

```````````````````````````````````````````````````Æ» :v|UÙW!aE'               ø…bïWÇ

.4  ∫W|WÑWz «œ v|UèW< s:|bMK! s:OMO3œ s:|bMK! :vï:Ë“:uz UJ:OìñUë :u! ÈdJMO§A:OÄ «“U§:|ñ

)g) +O(g(2O→)g(3O

)g(22O→)g+O()g(3O

Æ√ øWJ!ñU|œ «œ Èñ:u! s:OA:OëËUÙ ËœñWÙœ vºMÑUï s:O¶:|ËUz ËœñWÙ UîUM<Uï

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ» ∫Wfi:OçM! vJÙU1Ëœ UJ:OìñUë

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

```````````````````````````````````````````````````ÆÃ ñWÖWzH∆øWOOÇ †…œœUAOï UJ:OìñUë :ÈË :Èñ:u3 ¨XO! VìU< :vJOÙU1Ëœ UJ:OìñUë

  :vOA:OÄ :v¶<«ñUz  :vOÅUÄ :v¶<«ñUz

 …
“
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J/
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Ũïñ«ËñW!‰:uÄ



46

UJAÄ UïËuÇ«b:OÄ2-6

v|UOLOë s:OJ:OìñUë UO"«“Wì

:ÈbïW!6

ÊUJ:OìñUë UO"«“Wì

 ∫ í<ñW! W"ñuë    ∫…b! s:OÙœ s:|ñUO<dÄ Uç<ñW!

.1ÆW|«bïUÙWï UëWJ:OìñUë «“Ë :v|dJïËËñ :vM:|Ë ÊU|UOîWÇ Ëœ˛ p:Oz Æ«œ ÈdëñU|œ Uë…ñU|dëœ W| :È“Ë :v|dJïËËñ :vM:|Ë :Èñ«u8 ‰ UÑWz

  Æ†…œœ UAOï v|«bïUÙ UëWJ:OìñUë «“Ë :v|dJïËËñ vM:|Ë Èœ :v|UOîWÇ Ë

\

 ``````````````````` Æ√ ø…d¶ï“Wî ÈË UïdJëôUÇ «“Ë v|UOîWÇ óOë

 ``````````````````` Æ» «ñW§ÑUïœ Èbï…u|WÄH∆   øWOOÇ WÑ :vOOîñWÖ «;d! :v|ô˛ «œ v|«bïUÙWï Ë v|«bïUÙ UJ:OìñUë :u!

``````````````````` ÆÃ ø†…œœ UAOï v|«bïUÙ «ñU|dë v|UOîWÇ óOë

 Æœ         ∫WMO! ©Ã® «ñUO<dÄ :u! :u8 Uï«œ í<ñW! :u! ©:v~ìW!® Ë U<UÄ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````
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Ũïñ«ËñW!‰:uÄ



47

.2uë v:O! †Wëœ vJ:OìñUë UO"«“Wì œ :vïdJ:O"ñUë ñ…bïUÙò :vïdëWÑ«ñ ‰WÖœ «œ :Èñ«u8 ‰ s:OM|d!ñ…œ ÊUÑœ WOOÇ W" UïËuÇËu!

    øå†WJ! «œ :vJ:OìñUëœ :v|ñ«bJAÄ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.3 ∫ÈñUëUL:OÙ UJ:OìñUë Z→Y + X ∫W|WÙ :vO"«“Wì U|U<U| ˜Wz[Y]3[X]k =R

Æ√ UO¶<W8 ñWÖWz Êdë W¶:OÙœ «œ :vJ:OìñUë UO"«“Wìœ ÊdJ:O"ñUë ıY Ë :vJO:O< :u! dJL:Oë[X]              øXO! dO~:O3 U|

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ» UO¶<W8 ñWÖWz Êdë W¶:OÙœ «œ :vJ:OìñUë UO"«“Wìœ ÊdJ:O"ñUë ı[X] Ë dJ:Oì bMÙ ËËœY              øXO! dO~:O3 U|

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

ÆÃ         ø:vJ:OìñUë :u! Èñ…bïUÙ UïdJ:O" » ¨ÊdëW¶:OÙœ :vJ:OìñUë UO"«“Wìœ ÊdJ:O"ñUë ı

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

 .4        ∫WëWÑ:ËdÅ :vM¶ãWJJ:OÑ «“:ËœdO! U|UMÅËËñ ñW!˛ s:OÙœ :Èñ«u8 ‰ s:OÑWz

Æ√      Æ«œ Âeï UïU¶<WÄ d:|óì Ê«Ë UïdJJ:OìñUë ˛ bMK! UïU¶<WÄ d:|óì ÊWëœ d"“WK! :vïdJJ:OìñUë È“UÖ s:|ñWJJ:OìñUë

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ» Æ«œ ‚…;ñ :v8:Ëœ œ Ê«Ë UïdJ:OìñUë ˛ ÊWëœ :vJ:OìñUë d"“WK! ¨«œ È…Ë«dOÖœ vï:u|Uz s:O¶:|ËUz

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

ÆÃÆs!d"dOÙ :vëWëd|uÙ uë :vî…œ ÊWëœñUë d¶ÅU! :̈v|ËËñ s:|ñ…bïUÙ :vïó:O!œ uë ¨„WOï:uÇ s:|ñ…bïUÙ :Èñ:u3

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````
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ñ:u3 WîWÙ UïËuÇ«b:OÄ
:ÈbïW!6

ÊUëWJ:OìñUë v|«d:O8

 ∫ í<ñW! W"ñuë    ∫Wfi:OçM! «œ ÈdëñU|œ :vN3œ :Èñ«u8 ‰ s:OÙœ s:|ñUO<dÄ ÊUÑ  Uç<ñW!

.1∫†…œœ UAOï ©53:Ëñb|UÙ :ÈbOfiëËd:OÄ® :vMO3:Ëñb|UÙ :ÈbOfië:ËñË˛ UïUÅ…uìWNJ:Oì UJ:OìñUë :̈Èñ«u8 ‰ UA:OëËUÙ ˜Wz

)g(2) + OlO(22H→)aq(2O22H«“:ËœdO! ñ:uÖ ‰ WJ! ÊËËñ v"ñuë » :vïUÅ…uìWNJ:Oì Uïdë“Wì :u! …ó:O! UJ:|ñ :v<

        ø©WëôUÇ® W|«ñUë U| Ê«Ë˛ p:Oz ñWÙ vÇ:u! :̈vM¶ãWJJÑ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2 «“UÖNO UO¶<W8 uë ÊUJ:OìñUë Ê«Ë˛ p:Oz Ë Æ©Ê«ñuîËóî® W| ÈË…óî Ë q:OJ|Ëœ s:|ñWM:ONJ:OÄ ˛ p:Oz ¨NO†Wëœ ©UÄñWÄ® 5!«œ

 ∫W|WÑWz

)gO(2) + NgO(2H→)g) + 2NO(g(2H

 UO¶<W8 UïdëbMÙ ËËœ Æ«bMK! s:OOîñWÖ s:O|WKÄœ2H UO¶<W8 UïdëbMÙ Ëœ :vìW! ÆX:OÙœ :vì bMÙ Ëœ vJ:OìñUë UO"«“WìNOñUÇ ¨

       ∫©«Ë«ñœ® ÊUO|«œ ÊUÑ UïUMOzñUë » Wfi:OçM! :vJ:OìñUë UO"«“Wì ©UA:OëËUÙ® U|U<U| Æ†Wëœ …b:|“ :vJ:OìñUë UO"«“Wì bMÙ ñUÇ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.3 ∫X:OÙœ «œ :ÈË n|Ëœ ‰ «ñUO<dÄ Uï«œ í<ñW! :u! WMO!ñUJ! :Èñ«u8 ‰ U| v|UOLOë UA:OëËUÙ :vÑ

)lO(2) + 2Hg(2) + Haq(–) + 2Claq(2+Mg→)aq(–) + 2Claq(+O3) + 2HsMg(

  ñWÖWz0.048 g :ÈËUîœ dë p:OìñUë vîUîW" » Â:uOfiOMÖWî ˛20  ‡! vJ:OìñUë UO"«“Wì UO|«dJ:O" «œ ÊUëdÇmol/s«œ vî…b|Ë œ

 ø…bïWÇ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````
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 ∫ñUO<dÄ    ∫Wfi:OçM! «œ ÈdJïU8ñW" UOÙôUÑœ :u8 :ÈñUë Ë :Èñ«u8 ‰ s:OÙœ :ÈñUO<dÄ ÊUÑ Uç<ñW!

.4  ∫…b! :Èñ«u8 ‰ s:|ñUO<dÄ Uç<ñW! :̈Èñ«u8 ‰ :v|dJïËËñ vM:|Ë UïUMOzñUë »

```````````````````````````````````````````````````    Æ√         ø…óî vîñWÖ ÊU| …ñ…œ vîñWÖ «œ v|UOîWÇœ ÈdëñU|œ U| :vOA:OÄ UJ:OìñUë :ÈñWz

```````````````````````````````````````````````````Æ» UïUAOï Ë v|UÙW!
vOA:OÄ

H∆                    Æ©ñbè® WMOKîW‹!

```````````````````````````````````````````````````ÆÃ v|UÙW!a'E ÆWMOKîW‹!

¨ :̈vJ:OìñUë :ÈË :u! :vë…ñ…bïUÙ UïdJ:O"aE UJ|e:OM! †Wëœ r:Oë15 kJ/mol     Æ

```````````````````````````````````````````````````Æœ  øXO!œ d" ˜U8 ÊU| †Wëœ d" “WK! :vOA:OÄ UJ:OìñUë :ÈñWz

```````````````````````````````````````````````````ÆÁ    øXO!œ d" ˜U8 ÊU| †Wëœ  d"“WK! :vOÅUÄ UJ:OìñUë :ÈñWz

```````````````````````````````````````````````````ÆË  :̈vA:OÄ :v|UÙW! U|Uz
vOA:OÄ

H∆  W¶:OÙœ ©»® ‰ :ÈË :v|UÙW! ˛

     øs|ñ:uÙuÖ

.5Æ√ ∫WJ!ñU|œ :Èñ«u8 ‰ U|dJMO§A:OÄ «“U§:|ñ Ê«œu8 UJ:OìñUë :u! :vOÙU1Ëœ U| @ïW<ËUÙ UA:OëËUÙ

 UÑU~M:OÄ1  ∫2O2 + H2 N→22NO + H    ©Èb:OÙ® ‘«u:OÙ

 UÑU~M:OÄ2  ∫O2 2H→2O2 + H2H ©“WK!® «d:O8

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ»    øW| :vO"«“Wì UïdëñU|œ UÑU~M:OÄ ˜U~M:OÄ óOë

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

ÆÃ  ø©WOOÇ® …óOë «œ ÈñW< UJ:OìñUëœ vºMÑUï :v¶:|ËUz

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

:vJ:OìñUë :v"Ë…ñ

 
…
“
Ë

(k
J/

m
ol

)
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©vÙW~OèU"® ÈñU|dë :vîUïñW! :u! „WJ:Oá<…œ

UïdJOèU" :ÈñWJ|WÄ

∫:vïUMO£Nº! s:OïUAOï:vïdJOèU" ˛ WOÑb:OÄ uë v"UOM! sïUî«;ñ ËWz

v¶fiï«“ Ë :vïËu!d:Oã UO|«“…ñUÅ ¨«bOëWî…œœ †WëœñU|œ 5§!d:Oã

Æ†Wëœ UMO˘uëWÑ :È“«u:OÅ ñW< ‰ X8W3

∫ p:Oá<……œsÙË;ñ ÊU"W!U! UJM|“«ñ…œ ¨ÊU"W!U! :u! „WJM|“«ñ…œ

 Æ†Wëœ †ñuë v"UOM! s:OïUî«;ñ Ë †Wëœ

∫v"Wîö<:u! ¨XOïœ «œ UïdJèU" UJ:Oá¶<…œ ‰ :vO"Wîö< s:O|ULM:|;ñ

» ˜U~M:OÄ vÑb:OÄ :ÈñUë uë s:OJ:|ñ Ê«Ë ˛ ÊËu§OÙWÖUz

vÑb:OÄ uë UïdJOèU" UïdJ:Oá¶<…œ ÈñW! Ë W|WÙ †W§|U" U|d:|bÑUÇ

«b:OÄ ÊdëW¶:OÙb:OÄñUë «b:OïdJOèU"œ s:O| :vO"Wîö< s:OìU8 Ê«Ë »

 ÆWÑWMOâ!

∫…œœUîÊ«Ë vîWÙ UM¶fi‹J:|ñ œ ÊWëœ W" U|ñUJ|ñUÙ W¶fiOì ˜Wz

d¶Ä «ñU! Ë WMOÑb:OÄ :vïdJOèU" UïUMO£Nº! :u! uë s:OÙWÖ“…œ Ë d:OîUz

Ë vÑb:OÄ s:O|ñUëñUî˛ UïUM:O£Nº! :vî…œ ‰ ÊU|ñUOï«“ ÊUÑ UOÑb:OÄ

 ÆsÑWëœñ…œ UïdJOèU" UOÙUîËœ ‰ s:|ñUO<dÄ Uï«bç<ñW!

∫:vïdëñUë :È“«u:OÅÊdJOèU" Wî :vM¶|œWÑ » :È“«u:OÅ ñWÖWz

:ÈË ñWÙ È˛ ñ:uáfi! :vë…ñWÖ UOLOë ¨ÈWëœ :u" «ËWz UïUMOzñUJ!

‰ uë «œ v¶fiï«“ UMOì:uëWÑ s:|“«u:OÅ UïUMOzñUJ! :vî…œœ †Wëœ

 ÆÊñW~! :vO¶<«;ñ í|Ëœ

∫ÊU|ñUOï«“ Ë ÈñUëñUî˛ :v¶A8W" X<…b! UëWO|ñUOï«“ ñWÙ WOÑb:OÄ

«œ ÊUO|ñUOï«“ :v¶A8 ÈË ‰ «b:OëWïdJOèU" ñWÙ œ XOÑWJ!

Ævfi:Oçï œ «b:O|ñUëd:Oî˛ :v¶A8 ‰ «ËWz Ë W" W"…œœ uë vfi:OçM!

Ë :v|ñUëdO! «ñW§ÑUïœ uë †Wëœ ÊU|bï…u|WÄ Ê«Ë ñW< ‰ X8W3

WOÑb:OÄ Ë ¨s|dJîuë s:O|ñUOï«“ Ê«Ë˛ W|WÙ «b:O|UOLOë Ë :v|U|eOã

Wï«ó:O! d|óïdëñeÙ :u! ÊWJ! Ê«“«u8dOã U|ñUJ|ñUÙ W¶A8 ËËœñWÙ

:vî…œœ «ËWz :ÈñU!ñ…œ UM¶ÑWëñ…œ :u! UïdJ¶<Ëñœ Ë ©Wï«bïWLKèUz®

Æ†…œœËË;ñ «œ UïdJOèU"

 ©W|Wï«;d"Wï® sMOï ÈñU| v|UOLOë

Æs! ”d" » :Èœ 5MOzWïñUJ! ‘U! ñWÖWz ¨v|UOLOë s:|œœUî

W¶|uÄ Ë vâ! :vïdJOèU" s:O|ULM:|ñ í|Ëœ ‰ UÑU~OîWÙ WOÑb:OÄ «ñËWì

g:OJA:OÄ U¶<:uîUî s:|ËWz È…b! ÊUO|ULM:|ñ Ê«Ë U|ñ«bÙuÖ »

:ÈñWÖWz W¶O!œ È˛ ˜Uz uë U"WÙ v|UOLOë s:|œœUî ÂWÙ Æ†Wëœ

UOï«ËWÇœ :vïbïUAOz ˛ :vO"Wîx< UOïWÄ Wï ¨W"UïbïUA:Oz

í|Ëœ ‰ :u" ñWÖWz Uº:OÑ X<«;ñ :vëW|…u:OÅ » ¨W|«b:OïUMOzñUJ!

Ë 5fi:Oçï «b¶:ON! s:|ñWÄôœ s:|ËWz vâ! ÊU|ULM:|ñ Ê«Ë

Èdã ‘U! :Èœ «b:O|UOLOë s:OÙWJOèU"œ v§!:u8 Èññ«bÙWÖUz

 ÆX<Ëñœ Ë X<;ñ :vë…u:OÅ » v! ÊUO|UOLOë UïUMOzñUJ!

 WïUÑUÖ vîWÙ UO"Wîx< s:O| W|ULM:|ñ ˜Wz

1.∫:u8ñW! WJ! :vM¶<«ñUÄ UJÑUÇñW! Ë :vÙW~OèU" ©p¶|Wî® UÅ:uë ñW! UÑUÖ vîWÙ

Ê«ñW§ÑUï˛ pK3 s:O|UOLOë s:|œœUî :v|UOLOë s:OÙW~OèU"

:u8ñW! WJ! :vÙW~èU" UÅ:uë ñW! :ÈbMÙ ñW!˛ ¨Wï«b:O"

UëWïdJOèU" :u" †UÙ ñWÖWz ¨WO"dÖ ‘U!W" uë W!ñWÖ:ufiî

:vïU|“ ÈUOLOë s:|œœUî uë ñW!˛ Ë vMOzWMNº! È˛ v|…œdë

WOÑb:OÄ :̈vïËu!…ñ:uë :ÈñWÖWz W¶O§! XO!œ sMOÙWÖœ UÑUÇ »

 Æ:u8 s:OÑUÇ ñW! W|WJ! UJÑUÇñW!

2.∫«b:OÙW~OèU"œ :u8 s:OÑUÇñW! W|WJ! :vïUOfiOï Wç:OÄ s:OJÑUÇ XO!Uï

˜Uïœ WMâ! s:OÅœ „:Ëdã s:O|UOLOë s:|œœUî WJïuÇ

WM!dë È˛ pÑ«ñW! W" ñWÖWz U"WÙ :̈vïUOfiOïWç:OÄ s:OJÑUÇñW!

XOMOÙWÖœ vÑUÇ » U<uÙ UëWïU|“ È˛uz ¨Œ s:OÑUÇñW!

vï«“ ‘U! » Èñ«bÅuï ñWÖWz ÆXO!Uï…ñUÇ uë

» v|U<Uz s:OJÑUÇñW! UMOÅ ‰ :vïUOfiOïW:OÄ s:OJÑUÇñW!

†W§|U" s:O| :vO"Wîx< UM¶<«ñUÄ s:OJÑUÇñW! X:OÑœ ¨vMO!ñUë

˛ «b:OÙW~OèU"œ WOÇœ uëWÙ vëWÑUÇ ñWÙ ñW< WOï«œ

ËWz Ê«ËWÇ Uë WJ!ñUO<dÄ ÈU¶<:uîUî ÊU| Èññ«bÅuï

 ÆX:OÙœñUë » :vM¶<«ñU! s:OJÑUÇñW!

3. ∫WëWïñUë :vÙW~OèU" ‰ :vM" » ñU3 ı:vÙW~OèU" :ÈñUë XO!Uï

UO¶ÅñWá|ñW< Ë v|U¶<:uîUî U|d:|bÑUÇ s!œ WÖWz ÈWJ!

  ÆXO!Wï «b|U¶<:uîUî

Gdù°Óeá ‘ flàÈ Gdµ«ª«ÉA«b:O|UOLOë UÙW~OèU" œ v"Wîö<
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4.  ∫:u8ñW! WJ! :vÙW~OèU" :ÈñUë :u! ÈUºïuÖ s:OJK3Ë „ñUÙuÖ XO!œ

UÇdÄ :ÈñU!…b:|“ Ë ÈËu!ñ:uÅ s:OëWÇ Ë pïUç¶< Ë ŒU§M|u!

Ê«œœUî UïU|;ñWÖñ…Ë :ÈñWÖWz WM§! ñuÅ WÄWÅ s:OJK3 Ë ó:|ñœ

ÊUëWÇ Ë „:u<ñ…œ WOÑb:OÄ Ê«Ë UM":u< ÊU| Ê«Ë UïU¶Å;ñ Ë

uë …ËWz d¶ÅU! U| Æs|WJ! :u8ñW!˛ ÊU| s!…b:|dÖ ‘U!

s:|œœUî uë«œ s|WJ! :u8 :v¶<…œ ˛ v¶<…œ «d:Oîóî…œ

 ÆÊWëWï êOÄ „:Ë;dã s:O|UOLOë

Ë Ê˛u<œ ÈñW¶fiì:uÄ Ë vï:uK|Uï s:O˘UA|ñ uë sOï«“ WO"UÙU|

…d¶ÅU! U| :ÈbMÙ ñW!˛ Æ s:OOìW4 œ d¶|Ë“ v§îWÄ s:O˘UA|ñ ˛

s! ñ:uÅ WÄWÅ ñWÖWz :vìW! Æ:u8  ñW! WM|WJ! v§îWÄ s:OJK3

Ë s!Wï ñ:uÅ uë «œ s|…b:|dÖ Wç¶Aáì Ë s|WJ! ÃñuÖ WOÑb:OÄ

Æ:v¶O!ñW! WïdÖUz

˛ :u8 s:OÄ uë «œ :u8 :vÄ WJ! …dãñW! Ë †:uÄ UëWÑö:OÄ

Êuë s:OÑö:OÄ Ë ‰:u< ÆÈe:|ñUá! v¶Å;ñ Ë „:Ë;dã s:O|ULOë

ÊU| vîñWÇ UÑö:OÄ:u8 :vÄ WëWï È«œñW! ñW< Ë Êuë

˛ :u‹:OÄ W|WJ! vë:ËñWÄ UÑö:OÄ˛ …d¶ÅU! ©pO¶<öÄ® ñWLOì:uÄ

 Æ vë:ËñWÄ UÑö:OÄ

5.«ñË˛ W§! WÑUïdJOèU" » ñ«b|bï…u|WÄ s:O| UOMO§:O" s:|ñW¶ã…œ Ë V:O¶ë :vM"

  ∫:vÙW~OèU"Ë :vÙW~OèU" W!Wï :vëbïUÇ Ë „d|u" Ë Èœ s:O§:O¶ë

 Æ «œ:u8«e:Oîœ ÊU| :v!ôËœ œ Wï«œ Ê U¶A" Ê«Ë

6.  ∫WM|u‹! :vïdJOèU" vîWÙ :vÙW~OèU" WOâ! u" ÈñW!s:O|ULM:|;ñ

WÙW~§:O" ‘U! :vïdJOèU" UO|ñUJO|«;ñ Ë WJ! ñW!˛ :vO"Wîx<

W" :v|U¶<:uîUî uë U"WÙ WMOz WïñUJ! vë…œœUî Ë ÁWÖ“…œ ı

‰ ¨dë :vÙW~OèU" :ÈñUë W" WëWÙ †…œWï ñW< ‰ :ÈñU|d!

s:O|ñUÖ˛uîUz œ uë vâ! :vO"Wîx< s:O|ULM:|ñ ñW<

ÆsO"UÙ «b:OïdJOèU"

7.  Ë WM|:u‹! :v|UOLOë s:OM:ONJ:OÄ U"ñUë:vOO"Wîx< s:O|ULM:|;ñ ñW< ‰

U"ñUë Wï«e! Ë WMOfi:Oçï :v"ñUë :ÈË ñW< ‰ uë …;ñWÙ

ÆWN3 ı ‰ ÊUO|ñUOï«“

.8 ∫vÇœ «b:OÙW~OèU" œ :u" :vî…œ W! :u8 ÈñUOAÙvïWîUOLOë W" uJìW!

˛ :u8 :vÙW~OèU" ô:uÙ :u! :vÙWÖuë « :̨Ëñ ‰ s§"d~ìWÙ

s:Oî…œœ ¨…e:|ñUá! ÊUOïWîUOLOë UM¶Å;ñ ÊU| ÊUO!U"uè UM¶ãWJ:OÑ

ÆWMOL! :u8 :vN3 ‰ :vÙW~OèU" ‰ «b|œ

.9∫W|Wä…œWè vë…ñ:u3 vîWÙ » ÊUA:Oë …ñU~3 Ë Êñ«u8WÑ Ë Êñ«u8

Æ vï«“œ È˛ :u‹! u" XO!œ

.10∫…œWïWçJ:O" f|Ëñ :v¶<…œ » Ë WëWï ÂU" :v|UOLOë s:|œœUî ñU3 ı

:vî…œ œ :u8 :vÑ…œ ÊU| ÈË;ñ WëWï :u8 :v¶<…œ U<…ËñWÙ

Æs!W" :v¶<…œ œ È˛ „ñ:uÖ X<…œ ñWÖWz U"WÙ «b:OïdëñUë

.11 ∫ÊeïW! :v|«dÇ UïdJìWÙ :u! WMO!ñUJ! :vèULèWÇ:vJì“ «ñU3 ı

s:OKOKë vîWÙ UM¶fi‹:Oz«œ ˛ W! UOM˘œ Ë WMOz Wï ñUJ! :v"ñU‹Å

s:|ñW¶OÙ vîWÙ Uïbï«dîWÑ ˛ W§¶<«ñ XAÄ U<…ËñWÙ È“UÖ

:v!…ñUë®Hot Plates ©˛ uëWÙ Æ v¶ëd< «ñ«u8 WïUMOz »

 ÆvÑWëœñ…œ :vÙW~OèU"

.12s:O| Èœ s:|ñ…b:|˛ Ë s|eïW! :v|«dÇ ÊU| ÈñW¶OÙ UïUMOzñUJ! :vî…œ ‰

 W!ñ«bÙWÖUz Ë ñUOAÙ :vOîñWÖs:|ñ…b:|˛ ˛ :u8 s:OJK3 Ë :u8

ñWfiJ:Oz ÂñWÖ :ÈñW¶OÙ Ë Wëd|Ëœ :È˛ :u8 Ë …e:|ñUá! ÈdÖUz

XO! d¶îñWÖ „WìWÖ XO!œ Æ:vëWï X<…œ :Èbï«dîWÑ v¶AÄ

Ë ÈWÅËuÅ s:OïUîUz :u! U<…Ë ñWÙ ÆÈWëœ eÙ u" uë…Ë

˛ ÊU| :Èñ«u8 WMOMOzœ ÈñW¶OÙ ñW< ‰ ÂWz v¶AÄ s:OA"

WMOMOzœ ÊeïW! :ÈdÖUz ñW< ˛ ÊU| :Èñ…œ WMOMOzœ :vïdã

 Æ:Èñ«u8

.13 ÆWMOzWïñUJ! Wç:OÄ »«d8 ÊU| X|Ë;ñ ö:O" uë :v!…ñUë s:|dOîUz ËWz

.14  s:|dOîUz UïUMOzñUJ! ÈñW! :u8 s:O¶<…œ UOJAÙ ˛ W§¶<«;ñ XAÄ:v!…ñUë

W§¶<«;ñ XAÄ Æv|WëWÑ vëöÄ » Èd:OîUz «d|«Ë ÈñW! Ë

 ® WMO|bï«dîWÑœ d:OîUzOffÈËu! ”ö8 :È˛ u" uëWÙ Ë ©

:Èd|«Ë ÆvÑWëñ…œ :vÙW~OèU"˛ u" ÈñW! WM|dîWÑ » Èd:OîUz

˛ ÈËu! X<«;ñ XAÄ u" v¶AÄ ñ…œ WMO! vëöÄ ˛

 ÆvëW¶A" ñWÙ ÈñW! Èd:OîUz Uïbï«dîWÑ

.15¨WK:OÙWMNº! :vM¶fi|ËôWÙ :vN3 ‰ ÈËu!ñ:uÅ :v!…ñUë :Èd:OîUz «d|«Ë

  ∫:vM"dÖ »…ñUë Ë :vM¶H~MìWN:O" :ÈñWÖWz W¶O! :Èœ uJïuÇWOÑb:OÄ

Ë XO! pAÙ :v| ÈË s:|ñW!ËñË…œ Ë :Èd:OîUz s! :vN3

 Æ5K:ON! «œ v¶Å;ñ s:OKÅ s:OOMÄ œ ˚¶îuÖ «d|«Ë XO!Uï

.16Ë W!d:Oã :vïdëñUÖ“ñ :u8 s:OÙWÖñ…œ Ë t3 Ë :vïbï«dîWÑdÖUz s:OJ:|;ñ

 Æ W!«“…ñUÅ

.17 ÆW!«“…ñUÅ Ë W!d:Oã :v|:uÅ X<…œ Ë :vO"Wîx< UÅ:Ëœ :vN3

.18» Ë :vO"Wîx< UÅ:Ëœ :u! …œñUä :v|Ëu!ñW! dÖUz W" s:OJK3 ñWÖWz

 ÆWëWÑ Ë W¶<…Ë«;ñ s! ‰ v¶<Ëñœ
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.19˜UÇ :vN3 :u! …œñUä «œW" :vÑUÇœ W¶ãWë v|UOLOë :vë…œœUî ñWÖWz

Uë;dÅ ñW! ‰ W¶:OÑUÇ :vë…ñ:u3 » WëWÑ Ë WMOîWâ! :u8 :ÈñW< :vM¶AOÅ

 ÆXO! :vÑUzvîWÙ :u! Ë WëWÑ :u8 :vÑUÇ :u8 s:OK§" :ÈñW< »

  :vî…œ :u! :u8 :vÑUÇ WOÑb:OÄ ¨WMOçK! U|ô15ÈuA! ÊUëWìu8

:vÑUÇñW! ‰ Ë ÈWJ! :u8 :v|U¶<:uîUî È“UÖ ËË©7A|uÅ®

 ÆÈWJ! ÈñUë vÑWz ÈË

.20ôuJ:OÄ u" v:O! :Èe:Oî ÊU| :vÙW~OèU" ‰ ÈœñWz ñW< W¶Å;ñ „…œœUî :vî…œ

 ÈWJ! :vïdëóèUÄv:OÅ :Èœ Uë W" W"ó:O! :Èœ W" :v|U¶<:uîUî

ı XOï«“œ U¶<:uîUî Æv|UOÅWï u" ñWÖWz ÆWï ÊU| ÈWëóèUÄ

 Æ†WJ!

.21ñWfiJ:Oz Ë WJ!óèUÄ «b:OM¶AOÅ «“ËW4 œ :vOãWïW4 UÑUz » :u8 s:OJK3

  ÆWJ!ñ«bÙWÖUz :vÄ :u8 :v|U¶<:uîUî‚…;ñ :v| v¶Å;ñ :ÈœœUî ñWÖWz

Ë ÈWJ!óèUÄ vëWÇdã » Ë ÈñUOAÙ » WJ! :vìuJ:OÄ ÆËu!

¨v:OA! u" ñWÖWz :uA! «b:OM¶AOÅ Uë…“ËW4 œ Ëu! qÅ ñWÖWz

¨WMO!ñUJ! :vÙW~OèU" UO"Wîx< UÅ:Ëœ v|UOOÅWï u" ñflWÖWz

:̈uA! :vÅ:Ëœ s! ‰ Ë WJ! :u8ñW! ˛ ÈËu! fOÄ s:OJK3

uë XO! ‘:u8Wï :vÄ W" XO!œ ® WJ!:u8 :v|U¶<:uîUî È“UÖ

:vìW! ÈWJ!:u8 ñW!˛ :u8 s:OìUÑWÙ s:OÑUÇ ñW! ‰ :u8 s:OJK3

UëWïU|“ vÅËu" v¶Å;ñ «b:OÄ …œœUî uë :v| W" :v¶fiOÄ XO!œ

 Æ©†WJ! Â«Ë…œñW!

.22vK:OÙWï ¨:vëW"U<…ñUë Uï«œËË;ñ ˛ :vM¶<«ñUÄ :u8 :u! p:|;ñ s|d¶ÅU§!

  †…b!ËË;ñv§! :vëWï«œËË;ñ vÅËu" XO!UîWï ı ñWÖWz

:ÈË UïbïU¶<…Ë«;ñ üuJ:OÄ WJ!ñ«œUÖUz :vÄ :u8 :v|U¶<:uîUî

XO! d"ñË“ :ÈË UïU|“ Ë XO!d¶ï“Wî :Èœ ¨Wï ñWÖWz ¨†WJ!

 Æ:v|«œWMÙuÖ Ë dëWM:OÄ W¶|uÄ W" ñflWÖWz

.23„Ëuâ! U| ö! ¨ÈWJ! ñ«bÙWÖUz ÊUï«œËË;ñ vîWÙ ˛ ÈU¶<:uîUî WOÑb:OÄ

 ¨XO! È˛ÊU| vºMK:Oà ÊU| :vA:Oz ñW< » X<WÙ W" UîWÙ

 ÆWJ!ñ«bÙWÖUz ÈU¶<:uîUî ñWfiJ:Oz ¨ dë :vïËu!ó:OÖ

.24 WMO!ñUJ! v|UOLOë :ÈœœUî vÑb:OÄ u" ÈbMÙ :vM"UMOzñUJ! d¶Ä W" ñWÖWz

WJïuÇ :̈Èñ…œ W|UMOz :È˛ W" :vïUîUz ÈË ñW< WëWï È…œœUî

ÈË :v| uë vëWN3 …;dë „…œœUî WçO"WìW‹! :vJ:Oz ñWÖWz

¨XOMOzñUJ! ÈËu! fOÄ vë…œœUî Èœ :vëWO!U"uè ¨Ëu!Wï

«;d! :ÈË ‰ ı WJ! :u8 :v|U¶<:uîUî «ñUO<dÄ :ÈbMÙ ñW!˛

 øÈWJ! È…œœUî

.25 ÆWÑñ…œ W!Wï :vÙW~OèU" ˛ vë…œœUî ıÆvï«e! :v|Ufi:|;ñ :vÑ WOÑb:OÄ

.26 Æ sëUM<d" œ ñË“ «b:OÙW~OèU" œ È˛WÙ ˛ Wï s:|ñU¶ã…;ñË Uï«d" «ñU3 ı

 ÆWëWï «b:OÙW~OèU" œ U|ñU|

.27 ¨ …e:|ñUá! :u8 :vN3 UOJ:OÄ Ë p:|;ñ Ë ÈóèUÄÈñUë UïËu§îUîW" v¶AÄ

 ÆWJ!óèUÄ ÊôWÄ Ë ‰Wë Ë ÈñUë :vN3

.28:vMO!U< Ë ˜Uz » :u8 s:O¶<…œ ËËœñWÙ vÑWëñ…œ :vÙW~OèU" ˛ ÈñW!

 Æ:uA!

.29œ ı ¨ ÊdëW¶:ON! ÊU|ULM:|;ñ Ë Ufi:|ñ ÊUÑ » :v|dO~:OÄ UÑU~OîWÙ WOÑb:OÄ

ÆWï ÊU| s! v¶fi|ËôWÙ «b:OÙW~OèU"

 “Wì » UëW|ñUëd|uÙ

:vÙW~OèU" :ÈñUë UïdJ:OÄ X<…œ ÈñW! WOÑb:OÄ uë s:O|ñUJO|«;ñ®

©v! X<«;ñ XAÄ :È˛

ÆWM:|ñ«u8 ‰ :Èñ:u3 vÑ » s:OÙœñUJ! s:O| :vO"Wîx< s:O|Ufi:|;ñ

• Ufi:|;ñ® ñ:u¶< Ë Á…dãñW! s:OJK3 Ë „:u<ñ…œ4©X:OÙœñUJ!

• Ufi:|;ñ® WëWïó:|ñœ ÈdÖUz ñW< ‰ :u8 :v¶<…œ11 Ë12

©X:OÙœñUJ!

•ÊeïW! :v|«dÇ u" :vî…œ v!ñUOAÙ X:OÙœW" ˛ ÈbMÙ

 Ufi:|;ñ®ÈWëbKÙ12Æ ©X:OÙœñUJ!

•:v|WëWï X<…œñU3 ı «bïUOïWî WÅË:uÅ UïdJîñWÖ :vî…œ ‰

 ÆXO!ñU< WK:ON! :v|WJ! X<…œ ÈñW!

• Ufi:|;ñ® «b:OïUMOzWïñUJ! :vî…œ œ …d~! :È“UÖ UJOKë11

 ©X:OÙœñUJ!

 :vO"Wîx< s:O|UL:OÙ

˜Wz «bïUÙW~OèU" œ ÈdëñU|œ s:O|ULM:|;ñ s:|ñ:u3 UïdëñU|œ :u!

@ïdÖ ÈWëWï dO!˛ ¨s:OÙœñUJ! :Èñ«u‹ì s:OïUAOï Ë v|ULM:|;ñ

ñWfiì «œ s|dJfi4W! «b:OÙW~OèU" œ ÊUïUAOï ÊUÑ óOë Uë WMOï

 uë …ËWz @ïdÖ vJìW! ¨vâ!29d¶A:OÄ uë :vO"Wîx< s:O|ULM:|;ñ

 Ævâ!ñW< ‰ UÑU~OîWÙ WM|dëWÑ«;ñ

 ÊUJK3 Ë ˜UÇ UM¶<«ñUÄ

•…b:|dÖ :vÅuëñW! UJ¶OÅ Ë :u8ñW! WJ! :vÙW~OèU" UÅ:uëñW!

ÆXO!Wï ñ:uÅ uë «œ
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•u" ÈbMÙ :u8 s:OÑUÇñW! WJ! :v|e:|ñUÄ s:OJÑUÇñW!

W§! :v|uÅ ˜UÇ UïUMOzñUJ! Èd:Oã Ë v! «b:OÙW~OèU"œ

  ÊUOïWîUOLOë ˛ v"Wîx<

•:u8WÑ Wï Ë :u‹! Wï «b:OÙW~OèU" œ v|UOLOë :vë…œœUî ı

¨ñWJO! ¨«b:OÙW~OèU" s:OïUîUz Ë vïWîWÅËuÅœ WJ§îU"Wï

Æ sJì:ËœWï :̈vïbïULìWÙ s:O|W" :u! Wä«œñWÄWï

•:È˛ W" :vïUîUz ÈË WM|;dÑ“ Wï«ñU3 ı ÈUMOzñUJ! s:OOïWîUOLOë

 Æv|UMOz

•s:OÅœ :ÈbMÙ ñW!˛ :vÙW~M|˛ :u! sïU|“ » vïWîUOLOë „…bMÙ

:u! v|UºïuÖ s:O|ULM:|ñ UïËuâç|œ s|e:|ñUá! :È˛ :vÙW~M|˛

 Æv|UOLOë s:|œœUî s:O|ULÅUÄ ˛ ÊËu!ñUÖ“ñ

•«b:O" vïWîUOLOë s:|ËWz :vïdJOèU" s:O|ñ:u! Ë ñWJO! …d¶ÅU!

 Æs|WJ! ÊUAOï

•:vïWÑWì ÊU| „:Ëóî® …e:OÙuÖ WÑ Wï :vM|óî UJ:|;d! Ê«œœUî

”d" :v! U| vJO¶<öÄ U|UÄËd" UïUM:OÙñUJ! uJìW! ©ÊUO"U|“W"

 Æ…e:OÙuÖWÑ

•:vëW¶A" ñWÙ ÊU| ÊUOïWîUOLOë s:OïUîUz Ë vïWîWÅËuÅ ñU3 ı

 Æ:Èñ«u8 W¶ÑWJ! uëWï Æ:vÙW~OèU" «e:Oî Uç:Oì ñW< Wï«œ Wï Èœ

  ñWJ8«œ s:O|…œœUî

•XOÑWJ! vÑUÇ ÊU| pK3 ÊU| XfiOÄ ñW§Ñ …œœUî ËWz :vî…œ

 Æ:u8 :v|U¶<:uîUî …ó:O! Ë Wë«b:OÄ :vÑUz ñWfiJ:Oz

•:ÈœñWz ñW< ‰ W¶|˛ñœ v|UOLOë :vë…œœUî :vî…œ
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.1Èu:OÅ WJ4W< vMO!ñUJ! :vë…ñU3 ñWÙ vëW|…œœUî ©ÊU"uè® Uï«d:OÙ :u! ÈË :vJ<…œ Ë ÊËUÙ WOÑb:OÄ: ©◊®
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:ÈñW< ˛ WJ§:Oá¶<…œ ∫XO! vëWìuì uë «œ WÅ:uÖ

…d:OM! ÆWâ:Oá! ÈWJM! X<«ñUz » Ë :vÅ:uÖ :v<

 Æ©»® :Èu:OÅ

.5˛ Wë;dÄ ©⁄UÄWè® :ÈËUÅuÄñW< ÊU| Èd¶! :vïUîUz

ËËœ U"WÙ ©Wìuæë ÊU| WÑUz ËWz d¶Ä «ñU!® ÈñWM:|u"
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Uïbï«u8 :u! ÊdJ¶<Ëñœ WMO"UÙ s:O|U<uÙ „uA:Oë

U<uÙ ¨ÈWì:uîWë :u! v¶<UÙuÖWÑ :ÈWKÅ :ÈñU!Wè

:Èñ«u8 :u! ÈñW< ˛ u" :vî…œ s!œ …b:|“ ñUîóÙ

‰ «œ ©Ã® :Èu:OÅœ ¸UÇ :v|Ë;ñ WïËu/ :u! ÆvM|u8œ

 ñW<30.84 mL         Wï W|«œ31.16 mL Æ

.2vìWÇuè :vì:u?îW?ë ÊU?|U?LÅU?Ä :v?ì:u?îW?ë U?M?|uÅ ‰

        ÆWï«œ ¨«b:O" ñU|œWï v¶<W8 :ÈË«dOÖ U|UçOÄ Uë…;d!

©Ã® …u:OÅ

:v???ëW????O????|Ëñ

¸UÇ

Lm30.84
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  :vOîñWÖ UïUçOÄ

 :vOîñWÖ U?|W?K?Ä U?M?|;ñ:u?Ùu?Ö U?O:|;ñœT∆:vOîñWÖ :Èu:OA! :v|…“Ë U?M?¶<U?N?~?Ñ u?ë Êd?ëW?¶:O?Ùœ ÊU?M?O?M:|;ñ

 ÊU|«eïUë UO|ñ:u3 vîñWÖ „…Ë :̈vOîñWÖ s:|dO~:O3 UïdJ|ñU|œ » Ê«œ W¶:OÙb:|ñ Æ†…œœËË;ñpcË

  È…Ë«dOÖ UOîñWÖsolH∆      Æ

ÂñWÖ :ÈœœUî ˛ vîñWÖ :Èu:OA! …“Ë sÑWëbJ:| ñW! «œ «œu3 UOOîñWÖ s:O|WKÄ ËËœœ …œœUî ËËœ :vî…œ

UOîñWÖ «;d! Æ:vOîñWÖ U|WKÄ ÊUîWÙ WïWÖœ …œœUî ËËœñWÙ U"WÙ ¨7fiÙuÖWÑ W¶:OÙœ ñU< :ÈœœUî :u!

 :vì:u3 » v¶<UÙuÖWÑ)joule( » WïUfiëW| ‰u3® ÆÊUçOÄ W¶:OÙœ4.184 Æ©Wëuî…ñWÖ ®Èñuì Uë

Æ©WçOÄ WëuîñWÖ®…d"W1ñuìUë ¨X:OÙœñUJ! vîñWÖ :Èu:OÅ » …“Ë UM¶<UÙuÖWÑ UïUçOÄ :u! :ÈdOîUz ËWz

êOÙ :vìW! ÆvÑb:OÄ U| :È“Ë UïUçOÄ U|d|uÙ Ë :vïUMOzñUJ! U¶<W!Wî n|bì W|«œu3 «b:OM"UNJ:OÄœ d"W1ñ:uìUë

Æ:vOîñWÖ :v:OÅ » «ñW!ËñËœ :u! XO!œ «bïË Â«Ë…œñW! …“Ë „…bMÙ ¨WMOï ÈWïËu/ :vë…;d! «œ Uë…ñW¶îuìUë

:ÈËW?z :v?"W?§?|U?" :Èd?O?~:O?3 U?M?"œW?Ñ :u?! Êb?ïU?~?ïW< X:O?N?! „…d?"W1ñu?ìU?ë ñW?Ù W?O?Ñb:O?Ä Èb?M?Ù ñW?!˛

 Æ:Èd"W1ñuìUë

    :vO"Wîx< s:OïËu!«d:OÄ

©p¶OìWî® UJÅuëñW! Ë e:|ñUÄ  UJÑUÇñW!

:u! :u8ñW! WJ! Â«Ë…œñW! :vÙW~OèU"

¨vMzœñUJ! ÊeïW! U|;ñuÖ :vî…œ Æ:u8 s:OJK3 Ë ˜UÇ UM¶<«ñUÄ

Æ…b§:|dÖ ;ñuÅuÄWÅ Ë Á…dã s:OJK3

:v|ñUJK:OÙ :vëWM:|Ë ©√® :Èu:OÅ

©5Kã® ˜Wë :vJO¶<öÄ ˛ Uë…d"W1ñu˘Uë

:Èñ«u) ˜Wz Æ†WëœñU|œ Èdë X<Ëñœ

   ∫†WëœñU|œ :Èd"W1ñuìUë :vÑWz Uï«b:|dÖ s:OÑU~M:OÄ

     :Èd"W1ñuìUë UM"UNJ:OÄ

.1Ë …;d! vMOKã :vJO¶<öÄ s:OÄuë ËËœ ˛ p:Oz Uç:Oì

U<uÙ Ë ¨WMO!ñUJ! Èœ vÄuë UÅ:uÄñW< „…Ë

ÆXOÑWëW" X<…b! d"W1ñuìUë :Èœ

.2©v<U<ñ® vLÅuèñuè :v<uM:OÄ :ÈóO" :ÈñW<

:vÅ:u?ÄñW< U?ç?O?ï U??ïd??J??ïu??ë :u??! ÆW??M??O??!ñU??J??!

XO! bMÙ :vïuë UOÙ…dã WOÑb:OÄ Æ:Èd"W1ñuìUë

¨©√® :Èu:OÅ í|Ëbì Ë :vï«œWçJ:O" ö:O" :u! WJ§:O" :vëWïuë Æ«b:O" W¶â! ©íOáîñWÖ® d"Wîuîd"

5MOMOçK! :Èñ«u8 Ë :ÈñW< :u! :vK:O" XO! «bïUOÅœ uë «œ XO! dO~:O3 :vïuë :vÑWz :vN3 WOÑb:OÄ

 Æsâ! «bJ:OÄ :Èd"Wî:uîd" ‰WÖœ uë v:O!

.3Æ†ñWÖWïñ…Ë uë «b|WÅËuÅ ©pì:Ëœ® :vë…ñWJ!œ WJ! :ÈñW¶OîuìUë

:vMOKã ˛ ©:vçOÄ WëuîñWÖ® :Èd"W1ñuìUë U| :vOîñWÖ vÙ…dã U"ñUîóÙ

       Èdë X<Ëñœ

.150 mLË WçOá! Æ:Èd"W1ñuìUë WJ! :vÑUz ˜Wz ÆWçOá! «œ ñ«œWKÄ UëWO|ñ:u!œ ÈbïUÄuìœ UÑUz ˛

     Æ«bOMOKã :vÄËœ :vÑUz UOîñWÖ U|WKÄ s:O|ñUOï«“ :v|W¶A8œ WJ!ñUî:u"

  ©√® :Èu:OÅ:vï«œWçJ:O" ö:O" :vN3

W¶OÑWJ! d"Wîuîd" uë vë…u:OA! WO|dëdOJ3

  Æ«bO|«eïUë ö:O" :vï“U! ˜Uïœ

d"WîËd"

 Wë…u:OÄ Wë:uîñWÖ vïuë

ö:O" Uïuë

:vï«œWçJ:O"

:ÈñWJO!

ÈWÅËuÅ

:ÈñW<

:Èd"W1ñuìUë

:vM!

:Èd"W1ñuìUë

:vï«œWçJ:O" ö:O"
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.220 mL:v?ë…ñW?J?O?! W?J?! ÈœU?Ä:u?ìœ U?ÑU?z s:O?|œ s:O??|

U"WÙ :vÑUz Ë ÈñW¶OÙ ñW< Wï«œ ÈñWJO! ¨ÈWÅËuÅ

 vJ|eïC75º Æ…ñU|œ «œ ©»® :Èu:OÅœ „…Ë ¨WJ! ÂñWÖ

.3Èb:OÙ :vï«œœWçJ:O" ö:O"  vÄ:uë WJ! ñWfiJ:Oz ÂñWÖ UÑUz

:̈vë:Ë;ñWÑUï UïdJìWJ:O" :u! WMOçK! :Èñ«u8 Ë ÈñW< :u!

 ÆX:OJÅ Wï ©d"Wî:uîdO"® íOáîñWÖ W!ñUOAÙ

.4U?O?îñW?Ö ö?Ä s?|d?"“ñW?! Ë W?J?! v?ç?O?á?îñW?Ö U?|d:|b??ÑU??Ç

 v?J?|e?ï v?¶AÄ v?|U<U?z® W?J??!ñU??î:u??" :v??M??¶AÙW??Ö30
 Æ©ÊUëdÇ

.5 ÆWJ! ¸U"W! vçOáîñWÖ

.6:Èd~:O3 UM¶|œWÑ :u! †…œœ vÑUO! UA:OëËUÙ ËWz UM"dÖñ…Ë

ËWz ∫†Wëb:OÄ X<…œ :v|bï…u|WÄ :vÑWz » íOÄ WëuîñWÖ

X|dÖœñ…Ë ñU< UÑUz «“Ë ËWz Ω †Wëœ «bïË ÂñWÖ UÑUz «“Ë

 ÆX|dÖœñ…Ë íOÄ Wë:uîñWÖ «“Ë ´

Wë…u:OÄ Wë:uîñWÖ
q +O2H…œñU<

q ΩO2HÂñWÖ
q

È…u:OÅ W?! †U?ë…œ v?ïËW?ëW?îñW?Ö…ËU?z ÈW?|…“Ë ËW?z È;d??!

   ∫…ËW¶:|ñ“:Ëœ…œ W|WA:OëËUÙ ÂWz v:OÄ W! vîñWÖ

t∆ *Cº• g/J 4.184*O2HÂñWÖ
 Ω :v¶<ñU!O2HÂñWÖ È

q

O2HœñU<
q ≠O2HÂñWÖ È

q Ω
íOÄ ÂñWÖ

q

X|dÖœñ…Ë vîñWÖ :Èu:OA! íOÄ Wë:uîñWÖ :vîW¶fiO< U|…“Ë ËWz

vMO!ñUJ! :Èñ«u) UA:OëËUÙ v:OÅœ Æ:vOîñWÖ Èu:OÅ » †Wëœ «bïË ÂñWÖ UÑUz «“Ë ËWz » ÊUfiëW|

 :vçOÄ Wë:uîñWÖ :ÈdO~:O3 UM"ñUîóÙ :u!'C ∫

 ≠O2HÂñWÖ
T∆*Cº• J/g4.184*O2HÂñWÖ

 Ω :v¶<ñU!O2HœñU<
T∆*'C

O2HñU<
T∆*01.4*O2HñU< È

           :v¶<ñU!

UOÙ…dã UM"ñUîóÙ :u! WJ§Ñ:Ë;dÅ vA:OëËUÙ Ë Wï«œ :vM|uÅ ‰ 5¶ÑWë X<…b! W" UïbïU~ïW< ˛ s:O|ñUOï«“ ËWz

 :vOîñWÖ'C  Æ

  ©Ã® :Èu:OÅW¶:OÙœ ËUz :vî…œ

WëuîñWÖ :u! vÄuë ˛ 7<UÙuÖWÑ

…d~! ‘U! vçOÄ WJîWÖ :vM! ÆvçOÄ

ÆX| :̨Ë;ñWï uë «œ

 „“UÖ

  ©»® :Èu:OÅU" ÈbïUÄ:u˘œ UÑUz

 vJ|eïCº75 ÆWJ! ÂñWÖ

ºC75

UO|bïUÄ:uìœ UÑUz

ÂñWÖ

WëuîñWÖ UJÅuÄñ…œ

Ë vçOáîñWÖœ vçOÄ

 ÆÈñ…œWçJ:|

ÈUçOÄ s:O|UÙW!

  ñU< UÑUz UOîñWÖ öÄ1T

 ñU< UÑUz :v<ñU!

 ÂñWÖ UÑUz UOîñWÖ öÄ2T

 ÂñWÖ UÑUz :v¶<ñU!

 vìWJ:O" UOOîñWÖ öÄ vÙUîËœ3T

 vçOÄ WëuîñWÖ UOîñWÖ öÄ3T‰WJ:O" UOîñWÖ öÄ vÙUîËœ uë 5ï«œ U<uÙ

 WOçOÄWëuîñWÖ UOîñWÖ öÄ ÊUîWÙ

50.0 g

25.0ºC

75.0ºC

49.5ºC

49.5ºC

50.0 g

 s|;ñ:uÙuÖ
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©@ïW<® :vA:Oë UïdëWÑ:ËdÅ

«;d! UïdëñU|œ :u! WJ:|ñ ˜Wz Ë 7<W!œ ÈW¶<ñU! s:O| p:|;ñ Ë d|uÙ s:OïUçOÄ » XAÄ :vA:Oë UïdëWÑ:ËdÅ s:OJ:|ñ

WïËu/ :u! ¨«œ ÈdJ|ñU|œ UëWïËu/ ñWÙ œ Ê«Ë˛ p:Oz ñWÙ UO|œW< «ó:|;ñ ÊU| ¨X:OÙœñUJ! vL8:u" ÊU| :v¶:|ËUz

UJ:|;ñ ¨s|WJ! ñU|œ «b:Oïñ«u8WÑUÑUz œ Èñ:uKë UO|œW< «ó:|;ñ ÊU| «bOëW|W¶Å;ñ«œ œ vM<Uz UO|œW< «ó:|;ñ UOÑ Wî ñWÖWz

 Æ 5MOzœñUJ! :vA:Oë UïdëWÑ:ËdÅ

:vJ:|;ñUë :vîWÙñW! UM"UNJ:OÄ :u! :vëW|WïËu/ UïdJ:OìñUë » ÈW¶|uÄ :vA:Oë UïdëWÑ:ËdÅ UJ:|;ñ v¶AÖ »

«ó:|;ñ UïdëñU|œ :u! WïËu/ :u! ÆX:OÙœñUJ! «œ WMOâM! UïËu/ œ ÈW¶:|ËUz ÊU| ¨vL8u" :v¶<ñU! UïdëñU|œ :u! †Wëœ

:vÅd" œ ÈW¶Åñ«œ vÅUÄ Ë ¨ÊdëñU|œ W¶:OÙœ ÈW¶Åñ«œ ÈËWz :v¶<ñU! «b|W¶Åñ«œ UïËu/ œ vM<Uz UO|œW<

 UïUMO£J:OÄ :u! 5MOìW4 :Èœ «bJ|ñ:uKë:Ëñb|UÙ3FeCl :v¶:|ËUz :Èu:OÅ :u! vÅUÄ Ë3O2FeË ˜Uz UïdJ:O" »

 UïUMO£J:OÄ Ë UOï:uîUz3O2Fe Uïdë«œu3 :È˛ :u! 5ï“ñUÄ :Èœ vìWJ:O" Ë ˜Uz :v! :v|3O2Fe«bç|œœ Ë ¨vÑUz :v|

3O2Fe UïUMO£J:OÄ Ë :vÑUz «bïU*WÙ :u! ÊdJîñWÖ W¶:OÙ :Èœ «bOã…“W8 UëW":u! ‰ :vÑUz :v|3O2Fe¨ ˜Uz :v! :v|

s:OJ:O£ç|Ëœ s:OÑU~M:OÄ bïWÇ UïUMO£Nº! v¶AÄ ÊdëñU|œ W¶:OÙ :Èœ :ÈË Uë:ËñWÑUï Ë :v|W" :u! :ÈËWz :v¶<ñU!

«ËWz vîWÙ uë :ÈbMÙ ˛ ÊËu§¶<«;ñ XAÄ v¶AÄ ¨dO~:O3 :vëW¶<ñU! UM¶AÙWÖ UïdëñW!W¶<…œ :u! :vïdJîñWÖ

  :v¶<ñU! :v~MOÙ v¶AÄ uë «œ rìWÙ W|Ëu! U| «bOïUîUz ˜Uïœ3O2FeUM"ñUîóÙ œ vMO!ñUJ! v"UNîWÙñW! :v|

Æ «b:OïËu/ :ÈË œ UO|œW< «ó:|;ñ Ë vM<Uz :v¶<ñU!

 ∫5! «bOA:Oë UïdëWÑ:ËdÅ «ñU|dë œ :vÅUÅ s:|ñ…b:|˛ ÊUÑWz Èñ«bÙWÖUz WOÑb:OÄ ¨X<«;ñ :vîU$Wz UM¶ãWJ¶<…œ :u!

.1 ÆXO!Wï óèUÄ :v| Èœu! «b|WÄ :v|u¶AOï :vîWÙñW! XO!œ

.2 ÆX§!…“ñW! :v|W":u! :u! :vÙW~MOï“ñUÄ ˛ :vM¶<UÙuÖWÑ :vî…œ vîWÙñW! ˛ „…bMÙ XO!œ

.3 ÆXO!WïdO~:O3 :v| :ÈË :v¶<ñU! ÊU| XO! óÑUÄ U|Wï ¸U"W! U|W":u! XO!œ

.4 ÆXOÑWë X<…b! ˜Uz :v! :vëWîWÙñW! uë «œ ÊdJîñWÖ WO"UÙWï vÑb:OÄ í|Ëœ ‰ ÂW¶fiO<

 :vO"Wîx< s:O|ñUJO|«;ñ

Æ:u8 s:OJK3 Ë ˜UÇ UM¶<ñUÄ :u! :u8ñW! WJ! ©p¶OìWî® :vÅ:uëñW! Ë :̈u8 s:OÑUÇñW! WJ! :vM¶<«ñUÄ s:OJÑUÇñW! Â«Ë…œñW!

 Æ…b:|dÖ Ë WJ! ÃñuÖ ñ:uÅWÄWÅ Ë Á…dã s:OJK3 vMOzœñUJ! ÊeïW! :v|«dÇ :vî…œ

 Æ«bO|U<Uz U| vA:OKÖ UJìW<œ …ó:OÑUÙWï v¶<WJÅ s:OÅËuÅ ñU3 ı
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  Ê«dOîUz Uï«b:|dÖ Ë ÊdJÑWÙñW!

.1U|WïËu/ UïdJîñWÖœ v|UMOzñUJ! :v|W"UNJ:OÄ

«œ ©«® :Èu:OÅ œ «bOã…“W8 U|W":u! ˜Uïœ

ñW< ‰ v|«eïUë :vëWï“U! ÈdëñU|œ

UëWÅ:u~:O< Ë …b:|dÖ v|«eïUë :vë…d~ìWÙ

 Æ:vï“U! ñW< Wï«œ :vã…“W8

 vã…“W8 U|W":u! UïdëóèUÄ

.2¨XO!«eïUë ÊU| ·…“W8 ı ¨ËuA! :v|W":u!

:v|W" :u! ¨WJ! pAÙ Ë väUÄWè ‰WÖœ

X<…b! W¶<ñU! «œ WA:OJ! väUÄWè ‰WÖœ

¨Ëu! d|Ëœ U| È“«ñ W" ñWÖWz ÆXOÑWJ! W"

» ÈW":u! «œ WMO!ñUJ! :v|W":u! :v|…dÖ

«ñ:u" ¨v|«eïUë «ñ:u" ñW< WOOï«œ Wç:OäUÄWè

:u! ©:vëWOM:O< „…Ë® WMO!ñUJ! v|«eïUë

Æ :v|“«ñW" ñW< :u! :v|W":u! UïbïUÙWÖ

:u! :v|W":u! UïdJîñWÖ

 dO~:O3 :vëW¶<ñU! UM¶ãWJ¶<…œ

.3:väUÄWè Ë :v|W":u! :v¶<ñU! UMOfi:Oçï v¶AÄ

UÅu~:O< ñW< ‰ :v|W":u! :vOA:OÄ ‰ :̈ÈË

ÊeïW! ÈdÖUz ñW< ‰ WJ!dO~:O3 vã…“W8

vÅUÄ «œ©»®:Èu:OÅ œ ñU|œ „…ËñWÙ

 ÆñW< Wï«œ väUÄWè

.4 :vî…œ :u! :v|W":u! Ë WJìWÙ ÈdÖUz5

ÂñWÖ Èb:OÙ :vë…dÖUz ñW< ‰ ÊUëWìu8

uë «œ ÈWë ‘:u8 ÈdÖUz :u" ÈñW! WJ!

 :̈vî…œ :u! ÈWJ! «b|WÄ e:ON! :vë…dÖUz5¨…d~! :È“UÖ UJKOKë vÅUÄ WJ! ÂñWÖ Èœ s:OëWìu8

Ë :v|W":u! UM"d~ìWÙ :u! WMO!ñUJ! ©„“UÖ® È…dÖ ¨6! ñU< U"WÙ WK:ON! väUÄWè Ë :v|W":u! Ë

ñWÖWz ÆWfi:OçM! Ë WçOá! ÈW¶<ñU! Æ«œ ©Ã®:Èu:OÅ œ …ñU|œ „…ËñWÙ :̈v|“«ñW" :u! väUÄWè

vÙ«œu3 U"WÙ WJ!…ñU!ËËœ :ÈñU|dë :̈vïdJîñWÖ ÈñW! «ËWz ˛ Ëu! «œu3 ÈW¶<ñU! Uïbï«u8

  W¶O§! «œ ÊUïbï«u8 ËœñWÙ «ñW§ÑUïœ1 %:v|W":u! :v¶<ñU! uë 5ï«œ :Èœ :ÈbïWÇ :vÑ » Æ

s:OïdJOèU" œ U|ñUëd|uÙ :Èœ Ë Æ«b:OA:Oë UïdëWÑ:ËdÅ «ñU|dë œ :vïUMOzñUJ! :u! WÑWÙñW! Ë …d~:O3

ÆvMO! «œ X:ON!

©√® …u:OÅ

©»® …u:OÅ

©Ã® …u:OÅ



 :vÙW~OèU" s:OïdJOèU"
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s:|ñ…œUAOï

:vïUMO£Nº!

ËËœ Ë«dë“UOMA:OÄ v"Uë

 Wï«Ë WÅW!

 vëWA:OÄ

  v"Wîö<

 UïdJOèU"1

• p:OÄ Ë p:|;ñ »W¶:OÙœ :È“WäUë UOã«dÖ:u"Uî:Ëdë UïUMOzñUJ! ÊôWJ:O" U| Èñ:u3 Uïdë«œu3

 ÆÊUMO£Nº!

•:vJì:uëËUÙfR ,Retention factorW¶:ON! uë «bOë…d!u4 ñWÙœ vëW|W"UNJ:OÄ ñWÙ :u! :vM"dÖ:u8

  Æ†WëœñU|œ ÊdJOèU"

•:v|bï…u|WÄ :v|UÙW! «ñW§ÑUïœfR   Æ†Wëœ ÂU$Wzñ…œ ÈñWM:|u" Ë È…Ë«u" ˛ p:Oz ñWÙ :v¶ÅËd< Ë

•W¶OÙWÖœ    Æ:vïdë«œu3 «ñU|dë :u! ñWM:|u" s|d"ËU$uÖ

•   :ÈñUë  ÆXOMOzœ tº! :vO"WîôW< Ë :vOÙUML:Oz

   ∫:È“WäUë UOã«dÖ:u" Uî:Ë;dë:vèWz s:O|ñUëd|uÙ s:OÅœ

U§:O¶ë ˛ vÙW~OèU" s:OJOMëW" ˛ :vJOMëW"

:ÈñWÄñW! å:È“WäUë UOã«dÖ:u" Uî:Ëdëò ÊUïUM:OÙ«ñ

58 Æñ…œWOMO!

∫vMOfi:Oçï :Èd!u4 s:|ñ:u3s:|ñ:u3 U|d¶Ä

 ñW¶<UîuKã s:OîWìWè :Èd!u4(markers)˛

Wï«b:O" U<…Ë s:OäU|:u! WMO"UÙ p:OÄ “:uìUz s:OìWJ:O"

WM:ON! :È“WäUë UOã«dÖ:u"UîËdë UJ:|;d! s:OÅœ uë

 Æ«œ©√® :Èu:OÅœ ñU|œ „…ËñWÙ ÆÊdë«œu3
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È…Ë«dOÖ UOOîñWÖ  ÊdJOèU"2

Ũïñ«ËñW!‰:uÄ
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• v|«eïUë UëWK:O"10-15 cm•        dãW!

•O2•5H3O2S215 g Na•               pOâ! :v| vJO¶<öÄ :vëWÄ:uë

•COONa315 g CH•       vJO¶<öÄ :v| :vM¶AOÅ :vëWïUîUz

• ñ«œWKÄ UëWO|ñ:u!100 mL   ÆÈ•            ©’U�ñ® ‘…ñ :vëWîWìWè

• ÈWAOÅ :vë…ñWJO!600 mL   ÆÈ•4           p|uâ! s:O| :vïdJOèU" s:O|ñ:u!

• È“«ñW"•            :vïdJOèU" s:O|ñ:u! :Èd~ìWÙ

• vÄ:uë :vJãU‹ïñ…œ

• v|«eïUë :v| :ÈdJ¶<…œ :v| v<Ëuï…ñ :Èd¶:Oî:uîñW"

.1È;dÄ p|uâ! U| vJO¶<öÄ U| :vM¶A|uÅ Uë…“ËW4 ÆWJ!…œUîUz È“W" UÑUz ©„d!® Uë…“ËW4

 :v| ÈWA|uÅ :vë…ñWJO! ÆWJ!dãW!600mLÆWJ! 5Ä:uìœ UÑUz È;dÄ ÈË s:OJ:|ñUÇ :v< U"

˜Uïœ WMOÅWæ! ÈñWJO! ÆXO!WÙ «b:O" ÈñWJO! :vN3 uë WJ! X<Ëñœ «b:|dãW!œ :vëWìUÇ

W¶OÙW~! U" WJî:uë ñ:Ëbì :ÈdãW! Ë «b:Oëñuè

 Æ:vÑUz :v¶<Uz

.2:vï:u"ñUë :vëWï“U! ÆWJ!…œUîUz Èd"W1ñuìUë

vJO¶<öÄ :vÄ:uë :Èñ…œ ˛ „WâOÄ uë …;d§!

UçOMì :vëWï:uë ‘…ñ :vîWìWI! ÆXO!d¶ï“Wî

È˛ d¶|œ UëWïuë Ë ÆWJ! :vï:u"ñUë UÇñUÄ

WJ! v|«eïUë UëWK:O" :ÈñW< WJ! :ÈË UçOMì

Ë WMOîWâ! :vK:O" s:|ñW< ËËœñWÙ Ë «d:Oïuëœ

UOÙ…dH! WJ! X<Ëñœ :È˛ ÊUëWìW8 ËËœ

1cmÆÈdëñU|œ «œ ©√® :Èu:OÅœ „…Ë ñWÙ Æ

WJ! v|«eïUë :vïdJ¶<…œ ÊU| Èd"Wî:uîñW"

…b! ÊU|W"UNJ:OÄ ÊUÑUz Ë «b:OëWçOïUïuë ˜Uïœ

 UÑU~M:OÄ WOOÙW~! U" vëW|ô8 Æ

.3UëW¶<ñU! :vïUA:Oë «“WäUë UëWÇñUÄ ñWfiì

 vJ|e:Oï15 gO2•5H3O2S2NaÆWçOá!

U?| :v?ïd?J?O?èU?" U?ëW?O?|ñ:u?!œ W?J?! È;d?! v?ÑW?z

 :v¶<ñU! Æ«bJOâ!O2•5H3O2S2Na ÆWJ!ñUî:u" «bïUMOï«e:OÄ :v¶A8œ

.4 UïdJOèU"ò :vïUAOï Ë ˜Uï1 Æ«b:OïdJOèU" s:O|ñ:u! :Èd~ìWÙœ WJ!Ë Wfi:OçM! :v|ñ:u! ñWfiì å

.5 UÑU~M:OÄ3 ∫WJ!…ñU!ËËœ :ÈñU) s:|œœUî ‰WÖœ

    Æ√15 gs:|O2•5H3O2S2Na UïdJOèU"ò WJ! :v|ñ:u! s:OïUAOï ËË ˜Uï2   Æå

 Æ»15 gs:|COONa3CH UïdJOèU"ò :v|ñ:u! s:OïUAOï Ë ˜Uï2 Æå

  ÆÃ15 gs:|COONa3CH UïdJOèU"ò WJ! :v|ñ:u! s:OïUAOï Ë ˜Uï2Æå

W¶<…ñWë Ë …œœUî

  :vïdëñUë UJ:|ñ

©√® :Èu:OÅ

d"Wî:uîñW"

:vï«œWçJ:O" ö:O"

:vï:u"ñUë :vëWï“U!
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.6 vJ|e:Oï75 mL UÑU~M:OÄœ «ËWz È“W" UÑUz s:|1U| :vïdJOèU" UëW|;ñ:u! WJ! Êdë…œUîUz WO"UÙ

100 mL Êd¶J|eOï U" :ÈñU!Wè ÆÈdëbïW!WKÄ0.1 mL ÆWJ!ñUî:u" «bïUMOï«e:OÄ :v¶A8œ

.7 Æ5ãWë :v| vJO¶<öÄ :vÄ:uë …ó:|;d! ÈdëbïW! WKÄ UO|ñ:u!˛ È“W" UÑUz

.8vîUîW" » ©íOáOîñWÖ® Èd:Oî:uîñW" :vï«œ…uO3 WOOÑb:OÄ Æ«bOÄuëœ WJ! Èd"Wî:uîñW" U|W"UNJ:OÄ

uëU" WJ!ñUîu" È“W" UÑUz UOOîñWÖ öÄ ÆvÄuë :vM! W¶OÙWÖWï :vìW! ÆX! ÈdJîËuIï «b:OÑUz ˜Uïœ

 s|d¶J|e:Oï1.0 ºC Æ«bïUMOï«e:OÄ :v¶A8œ

.9 UïdJOèU"ò :v|ñ:u! :vë:ËñWÑUï vîWÙ Ë WJ!bMK! „WâOÄ :vï:u"ñUë1ö:O" ÆvJO¶<öÄ :vÄuë WJ! å

öÄ Æ:vOîñWÖ UïdJÅW!«œ :u!˛ WMOçK! «bOÄuë ˜Uïœ d:|˛ Ë…ñW! Ë ñËË˛ Ë…ñW! v"W4…d! :vï«œWçJ:O"

W¶OÙW~! vÑUz UOOîñWÖ uë U"…œ WçJ:O" :vK:O¶! Â«Ë…œñW! Ë ÆX:OOìWæ! ÂUîW" vë…u:OA! ‚…ñ UO:|u8

ÆvJ"uì

.10 s|d¶J|e:Oï :u! WfiOçM! :vO¶AÙWÖ ˜Uz uë :vOîñWÖ öÄ s|d"“ñW!1.0ºCÈd¶:Oî:uîñW" uëWÙ

 s|d¶J|e:Oï :u! Ë ¨sMOzœñUJ!1.0ºC ÆÊUMOzñUJ! W¶:OÙœ v|«eïUë :ÈñUO¶<WÙ :uëWÙ

.11:vN3 WJOìU8 …Ë«dOÖ Ë WJ! pAÙ ËuA! ¨ñ…œWMO! v|«eïUë :ÈñUO¶<WÙ ÊU| Èd"Wî:uîñW"

 5ÑU?~?M:O?Ä ÆW??J??! pAÙ Ë ËuA! v??Äu??ë Æ:v??|uA¶<…œ6 U?"11s:O|ñ:u! ‰WÖœ W?J?!…ñU?!ËËœ

 UïdJOèU"òs:O| ÈdJïUAOï2 UïdJOèU"ò Ë å3 UïdJOèU"ò Ë å4 Æå

.1 WOO?Ñb:O?ÄO2•5H3O2S2NaËCOONa3CH:vëW?ïU?îU?z W?ïW?J?! Ê«Ë s:|Ë«d?O?Ö Ë

ÈñW! Ë X:OÙœ vÙUîËb! W" :ÈñUë v¶AÄ uA! ‘U! :u8 s:O¶<…œ ÆWÑ Ê«Ë u! †W§|U"

 ÆvÑWëñ…œ vÙW~OèU"˛ u"

.1 :vOîñWÖ öÄ UM|;ñ:uNÖ ∫ÊUMOï«e:OÄ UM¶fi‹J:|ñt∆ ÆWJ!ñU|œ È“W" UÑUz :u!

```````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

```````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

```````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

```````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

ÊËu!ñUÖ“ñ Ë ÊdëóèUÄ

  ÊUJ|UîñW!˛

™

  ÈñUëd:Oî˛

 ÊUçOÄ

 UïdJOèU"1
O2•5H3O2S2Na

 UïdJOèU"2
O2•5H3O2S2Na

 UïdJOèU"3
COONa3CH

 UïdJOèU"4
COONa3CH

 ÊUMOï«e:OÄ :v¶A8

® È…Ë«u" :v¶<ñU!g©

® È“W" UÑUz :ÈñU!WèmL ©

 :vÑUz U| v|U"…ñW< UOOîñWÖ öÄ(ºC)

 :vÑUz U| v|U"uë UOOîñWÖ öÄ(ºC)

∆t1 =

∆t2 =

∆t3 =

∆t4 =
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.2∫ÊUMOï«e:OÄ UM¶fi‹J:|ñ® :vOîñWÖ «“Ë ËWzJ…“:Ëb! v¶A:Oî «b:OëWïdJOèU" ñWÙœ È“W" UÑUz «ËWz ©

 :vÑUz U|;dÇ uë Wï«œU<…Ë ÆÈñ:u3 UOOîñWÖ UA:OëËUÙ UïUMOzñUJ! ¨©ñ…œWMO!®1.00 g/mLË

 :vÑUz U| Èñ:u3 UOOîñWÖ4.180 J/g•ºC  Æ

.3∫ÊUMOï«e:OÄ UM?¶fi‹?J:|ñ:v???ëW???î«d???Ö ñW???Ù˛ ©v???¶???ãW???ëñ…œ® ÈñW???Äñ…œ U???| :v???O???îñW???Ö «“Ë «;d????!

O2•5H3O2S2Na s:OïdJOèU" ‰1 ¨2 Æ…“:Ëb!

.4∫ÊUMOï«e:OÄ UM¶fi‹J:|ñ :vëWî«dÖ ñWÙ ˛ v¶ãWëñ…œ U| :vOîñWÖ «“Ë «;d!COONa3CHs:OïdJOèU" ‰

3 ¨4  ∫…“:Ëb!

.5∫UM¶fi‹J:|ñ :ÈË«d??O???Ö U???O???O???îñW???Ö :v???|b???ïW<W???Ä :v???|U???ÙW???!O2•5H3O2S2Na∫W¶O!œ

200.0 J/g    Æ…“:Ëb! :vOÅUÅ U| ÈœW< «ó:|ñ ¨
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.1∫©ÊUJ:|ñ UïdJ¶<«ñ® ÊUJ:|ñ UïbïU~ïWfiìWÙ©ÊUîUz® :Èdã…œ „…Ë WMOãWë v| vJO¶<öÄ :vÄuë vÇ:u!

 øÈWAOÅ :ÈñWJO! UMOÅ ‰ ÊUMOzñUJ! W"UÙ vJ:OìñUë

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2∫Ê«ñeÙ UïdJ:OÄñUëñWfiJ:Oz Ë ÊbïUJÅ W¶:OÙœ ÈñËuK! «;ñu" ¨s:OOìW4œ «b:OÑUzœ vï:u|Uz s:|œœUî Uî…œ

vM"d~ÑUz «ñU|dë Æv"d~ÑUz :vïó:O!œ «b:Oë…ñU|dëœ ÊdJâ:OÄñ:Ëœ WM:OÙœ :vÑUz s:|œñW~! Ê:u|Uz

  Æ…óî vîñWÖ ÈñËuK! «ñ:u" UïbïUJÅ «ñU|dë :vìW! …ñ…œ vîñWÖ ©ROL¶ì«®H∆«ËWz WO|U":uë «“Ë

:vïdJïËË;ñ :vA8Wï Æ:vM"d~ÑUz «“Ë UM|ñWÄñ…œ Ë ÈñuK! U| È;ñ:u" «“Ë ñWfiì ÊËu§˘«“ XO!œ «b|WÄ

 Uï«b:|dÖ WçJ:OÄ :v|
ÈñuK! :È;ñ:u"

H∆ ¨
:vM"d~ÑUz

H∆ ¨
È…Ë«dOÖ

H∆UïbïôW4 Uî…œ ‰ WJ!WM:|Ë

COONa3CH Æ

.1∫ÊUMOï«e:OÄ UïdJOÅ ˛ «ËWz WOOÇ :vOîñWÖ «“Ë ËWz :Èñ…b:|˛O2•5H3O2S2Na˜Uz Ë XOÑWëœñ…œ

     øX|ó:Oîœ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

  „…ñUO<dÄ bïWÇ

  v¶AÖ s:OîU$Wzñ…œ
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•UOMO§:O" ÆÊdë W¶:OÙœ :vM¶AOï UJ:OìñUë

• WM:OÙœ vÙW~OèU" s:OMOï«e:OÄ UJ:|;d! :vM¶AOï s:OJ:OìñUë :u! v"WÄ s:O| vï:u|Uz s:OA:OëËUÙÆ5fi:Oçï

• WM:OÙœ :vO"WîôW< Ë vî«ñUz s:|ñUë ÆÊUMO£Nº!

s:Oï:u|UïUz Ë »W3:uî s:Oï:u|U"Uë :u! s:OOÅ…uìWÙbJ:Oì ¨s:OOìW4œ «b:OÑUzœ ‚…ñ s:O| vï:u|Uz s:O¶:|ËUz Uî…œ

XO!œ ¨ÊdJìWJ:O" ÈUOìW4 s:O| ‚…ñ s:O| vï:u|Uz s:OëW¶:|ËUz bïWÇ s:|Ë«dOÖ ñWÖWz Ë ÆVìU<

UM"d~J:Oz :vîWÙñW! Ê«ñU3 „…bMÙ Ë ÆÊ…b! ÂU$Wz «bïUï:u|UïUz Ë Ê:u|U"Uë «ñW§ÑUïœ Èuï s:OM"d~J:Oz

 ÆX:OÙœ p:OÄ ‚…ñ ©W¶Kî…ñ® :vO¶AOï Ë s:OOìW4 Uï «b:OÑUzœ ÊUï:u|Uz

s:Oï:u|Uz :u! X:OOÅ…uìWÙœ «b|…Ë«dOÖœ vç|“ :v"«d¶:Oï ¨WïËu/ :u!
+AgË

–
3NO U<…ËñWÙ Ë ¨KCl

 s:Oï:u|Uz :u! X:OOÅ…uìWÙœ «b|…Ë«dOÖœ
+KË

–Cl¨ÊdJìWJ:O" …Ë«dOÖ ËËœñWÙ ˜Wz ñWÖWz UºÑWz Æ

 s:Oï:u|Uz
+Ag s:O| VìU< s:Oï:u|Uz ‰WÖœ :vM"d~J:Oz »W3:uî s:O|

–Cl:vO¶AOï WçJ:OÄ Ë ÊWëœ

AgCl ∫WO:|ñU) „…Ë vJ:OìñUë U| v¶AÖ U| vï:u|Uz UA:OëËUÙ ÆsMOzœ p:OÄ ÈUOìW4 Wï :v|

)aq(–
3) + NOaq(+) + Ks AgCl(→)aq(–) + Claq(+) + Kaq(–

3) + NOaq(+Ag

ÆWçJ:OÄ Ê«ËËœ :vë…ñU3 ñWÙ ¨ÊWë ‰WJ:O" :Èœ «œu3 s:O| vï:u|Uz s:|Ë«dOÖ ‘WÅ «b:OïdJOèU" :vÑWz œ

ÈWëñU|œ :Èœ vÅUÄ ÆsMOz p:OÄ ©:v¶Kî…ñ® :vM¶AOï :Èœ ÊUM"d~J:Oz Ê«Ë óOë Uë vMO! :Èœ ‘UÄ Ë

ÊUJ:OìñUë :u! v"WÄ s:O| vï:u|Uz s:OA:OëËUÙ vÅUÄ Ë ÆsMOzœ p:OÄ v¶AOï ÊUï:u|Uz s:O"Ëu3 óOë :vïUë

 Ævfi:Oçï :Èœ

Ë ˜UÇ UM¶<«ñUÄ :u! u8ñW! WJ! Â«Ë…œñW! :vÙW~OèU" ©p¶OìWî® UJÅ:uëñW! Ë :vM¶<«ñUÄ UJÑUÇñW!

Æ:u8 s:OJK3

…ó:O! Ë ËuA! v|UOLOë s:|œœUî ñW! WM"WëW" s:OJK3 ÊU| W" s:O¶<…œ ñWÖWz Ë Æv|UOLOë s:|œœUî ı WëWï X<…œ

Æ:u8 :v|U¶<:u2Uî

 ÆWJ! ÈU¶<:uîUî UO|ñ«bÙWÖUz ¨v|UOLOë :vë…œœUî ñWÙ UM¶ÅñUî…bì

 «bOÑUz s:|Ë«dOÖœ ÊUï:u|Uz UJ:OìñUë  UïdJOèU"3

s:|ñ…bïUAOï

:vïUMO£Nº!

ËËœ Ë«dë“UOMA:OÄ v"Uë

 Wï«Ë WÅW!

 vëWA:OÄ

  v"WîôW<

 :vï:u|Uz uëñW!˛
+K :vï:u|Uz Ë

–
3NOñWëd|W< s:Oï:u|Uz Ê«Ë Wïó:O!œ ¨ÊWë Uï «b:OJ:|ñUëœ :v|ñ«bJAÄ

U| vï:u|Uz UA:OëËUÙ :Èœ :̈vA:OëËUÙ s:O|ô ËËœñWÙ ˛ ñ«bJAÄ Wï s:Oï:u|Uz Uïd!ô ¨©ñ«bJAÄ Wï®

 ∫X:OÙ p:OÄ v"WÄ

)s AgCl(→)aq(–) + Claq(+Ag

Ũïñ«ËñW!‰:uÄ
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•2BaCl ,0.1 M•3NaNO ,0.1 M

•2)3Ba(NO ,0.1 M•4SO2Na ,0.1 M

•4O2C2Na ,0.1 M•      Æ:v"WàW< :vëWA|uÅ

•NaCl ,0.1 M

.1  Æ:u8ñW! WJ! :vÙW~OèU" :vJ¶OìWî Ë „ñ:u~¶<…œ :u8 s:OÑUÇñW! WJ! :vM¶<«ñUÄ UJÑUÇñW!

.2ÆvMO£Nº! :vÄ :u8 s:OïdJOèU" :Èœ «ËWz …b! :vïËu!e:|ñ :ÈËWz «ñU|;d! :̈vïdJ:OÄ X<…œ g:OÄ

® :v¶A8œ :vëWïdJOèU" ñWÙ v¶AÄ :u8 s:OOMO§:O"1XO!b:OÇ UëWM"d~J:Oz ñWÙ :u! ÆWJ!ñUî:u" «œ ©

 Æ†UÙWï p:OÄ v¶AOï ñWÖWz åÊËË;ñò Ë †UÙ p:OÄ v¶AOï ñWÖWz åW¶Kî…ñò Wfi:OçM!

.3ËËœ ÊU| ©„WJ§Ç® „WÄ:uìœ Æ:v"WàW< :vA|uÅ ñW< WJ! :vë…Ë«dOÖ s:OÄ:uìœ ËËœ ÊU| :vëWÄ:uìœ

:vÅuÅñWfiì s:OJ§Ç Ê«ËWz W¶OÙW~! vë:Ëóî :ÈñW< WK:OÙWï ÆñW< WJ! :ÈËËœ :ÈË«dOÖ s:OÄ:uìœ

       ÆWfi:OçM! :u8 s:OîU$Wz Æ:v"WàW<

.4UÑU~M:OÄ Ë …d:|ó§ìWÙ :v"WàW< :vA|uÅ ñWfiì óèUÄ :vëWN32Ê«Ë«dOÖ :v| d¶|œ :vëW"Ëu3 ‰WÖœ

:v¶A8œ s:|ËWz «bïUOÅœ s:OM"d~J:Oz Ê«ËWz vîWÙ :u! WJ! …ñU! bïWÇ :ÈñU|dë ÆWJ!…ñU!Ëœ1Ë «œ

       ÆWfiOçM! :u8 s:OîU$Wz

.5WM|dÑe! ÊôWÄ Ë ‰Wë vîWÙ Ë ÆWJ!óèUÄ :vÙW~OèU¶ì :u8 :ÈñUë :vN3 Ë W¶<…ñWë Ë dOîUz vîWÙ

ÆÈdëñU|œ :u! ÈU¶<:uîUî :vN3 ÈË WJ! Ê«Ë«dOÖ Ë v|UOLOë s:|œœUî Æ†W§|U" :v| Ê«Ë :vN3

ÆÈU¶<:uîUî U|ULM:|ñ v:O! «bOA:OKÖ :vN3 ˜Uïœ WëWï Ë :v|ËuA¶<…œ …ó:|ñWï v|UOLOë s:|œœUî ı

  Æv!œ ”ö8 u8 s:|ñUë vîWÙ ˛ u" v¶AÄ ËuA! ‘U! :u8 s:O¶<…œ

W¶<ñWë Ë …œœUî

 :vïdëñUë UJ:|ñ

+aN,
–Cl

–
3NO ,+2Ba

–Cl ,+2Ba

2–
4SO ,+aN

2–
4O2C ,+aN

–
3NO ,+aN

 ÊUMOï«e:OÄ :v¶A81XO!«bïUOÅœ UM"d~J:Oz ñWÙ UïdJOèU" s:OîU$Wz

+2Ba,
–Cl

+aN,
–
3NO

+aN,
2–
4O2C

+aN,
2–
4SO
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.1∫ÊUMOï«e:OÄ UïdëWÑ:ËdÅp:Oz ÊUï:u|Uz uë vï«œ U<…Ë v:OÅœ u" ¨X:OÙœ p:OÄ ©W¶Kî…ñ® v¶AOï Uî…œ

 ñWÖWz ¨WïËu/:u! ÆÈUMOz p:OÄ :v| ÈUOìW4 Wï :v| W¶:|ËUz Ë v"dÖ U|ËËœ2CaCl ‰WÖœ4SO2Na

 XO!UMO£J:OÄ v¶AOï XO!œ uë s:OM"d~J:Oz ËWz ÆX:OÙ p:OÄ v¶AOï :Èœ dë ‰WJ:O"4CaSOË

 NaCl      ÆWfiOçM! XO§¶|œW" :vëWO¶AOï ñWÙ :u! v|UOLOë vëu:OÅ

.2∫ÊUï«e:OÄ UïdëWÑ:ËdÅ :vÖd!œ vfi:Oçï Ë ÈU$uÖ s:O¶AOï ËWz1v|ULOë s:|œœUî Ê«ËWz ‰WÖœ «œ

:vÄ Èñ…ËU! † :vëu:OÅ ÈËWz vëW"Ëu3 ñWÙ ‰ Ë ÆWJ!œñË«ñW! p:OÄ s|UMOzñUJ! W" s:|ËWz

 Æ…b§J:Oì :u8 Uç<ñW! ÆWJ!ñU|œ XOMO! p:OÄ ©W¶Kî…ñ® v¶AOï XO$uÖœ d¶Ä XO!WÙ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.3∫ÊUîU$Wzñ…œ UM¶fi‹J:|ñÈËu!«b|WÄ :vëWO¶AOï ñWÙ :u! @ïW<ËUÙ Ë v¶AÖ U| vï:u|Uz UA:OëËUÙ

   ÆWM:ON!ñUëW   ÆWMO!ñUJ! ñW§:|ñ „…Ë v¶AÖ U| vï:u|Uz UA:OëËUÙ :vJ:OÄ X<…œ ‰ ÆWfi:OçM!

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.4∫ÊUîU$Wzñ…œ UM¶fi‹J:|ñp:OÄ «b:O" v¶AOï uë Wfi:OçM! :vëWJìñUë ñWÙ :u! v"WÄU| vï:u|Uz UA:OëËUÙ

  MO!ñUJ! ñW§:|ñ „…Ë v¶AÖ U| vï:u|Uz UA:OëËUÙ :vOA:OÄ ‰ ÆX:ON!

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

 :vÖ;d!œ s:|ñUO<dÄ Ê«ËWz Uï«bç<ñW! :u!˛ WMO!ñUJ! «b¶:OÙœ :v¶A8œ s:OMOï«e:OÄ ËWz1 U"5 Æs:O"UÙ«œ

  „…ñUO<dÄ bïWÇ

  v¶AÖ s:OîU$Wzñ…œ
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 W¶:|ËUz¯u:OÅ öÄœ ÊUOìW420ºC «œ(mol/L)

 ÊUMOï«e:OÄ :v¶A82 :vïUOìW4 s:OMOï«e:OÄ

 vç|“ :v"«d¶Oï

 vç|“ :Èb|ñ:uKë

 Â:u|œ:u< :v"«d¶Oï

 Â:u|œ:u< :Èb|ñ:uKë

.1 ∫ÊUMOï«e:OÄ UM¶fi‹J:|;ñ W" «œñËË˛ UOOîñWÖ öÄœ uë 5ï«œ U<…Ë«œ                   Ë            s:|Ë«dOÖs:O|

s:O¶:|ËUz ËËœñWÙ :vìWJ:O" ˜Uïœ s:|ËWz ÊóOëWï:u|Uz ñUÇ ËWz Æs|dë ‰WJ:O" s:O|bï…ËUï v¶<W8

 øs|WÙ «bOïu|Uz

``````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

v¶:|ËUz ËWz             Ë         s:O|bï…ËUï v¶<W8 s:|Ë«dOÖ UïdJìWJ:O" :vî…bì ∫ÊUMOï«e:OÄ UïdëWÑ:ËdÅ

 ∫…b§J:Oì :u8 Uç<ñW! øWOOÇ XOAOM! «b|…Ë«dOÖœ XO!œ uë

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.3∫ÊUîU$Wzñ…œ UM¶fi‹?J:|ñ:v?Öd?!œ «ËW?z :v?M?¶AO?ï U?J:O?ìñU?ë U?| v?¶AÖ U?| v?ï:u??|U??z UA:O??ëËU??Ù 2«œ

              ∫Wfi:OçM! ÈdJfi4W!

``````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.4∫ÊUîU$Wzñ…œ UM¶fi‹J:|ñ :vÖ;d!œ v¶AÖ U| vï:u|Uz UA:OëËUÙ3 s:Oïu|Uz uë †WëœñU|œ «œ)qa(+Na

 Ë)aq(–
3NO«bO|UOLOë UJ:OìñUëœ :v|ñ«bJAÄ s:Oï:u|Uz ËWz ÆÊWëUï «b:OJ:OìñUëœ :v|ñ«bJAÄË

  øÊó:O!œ ı ÊWëWï

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.5∫ÊUîU$Wzñ…œ UM¶fi‹J:|ñÆWfi:OçM! v"UNJ:OÄ :vëWO¶AOï ñWÙ :u! @ïW<ËUÙ Ë v"WÄ U| vï:u|Uz UA:OëËUÙ

 ÆWMO!ñUJ! ñW§:|ñ „…Ë :vJ:Oá¶<…bì v¶AÖ U| vï:u|Uz UA:OëËUÙ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

AgNO3

NaNO3

AgCl

13

1 * 10–5

10.3

6.2 NaCl

AgNO NaCl
3

3AgNO NaCl
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• s:OJ:OìñUëv|UOLOë ÆÊdJMO§:O" WM:OÙœ ÊUï:u|Uz s:O| vÑUz s:|Ë«dOÖ s:O|

•WïdJÅu‹:|ñ   Æ«b:OÑUz UëWïËu/œ vï:u|Uz UïËu!WÙ :u!

• vïu|Uz s:O| vÑUz s:|Ë«d:O~! †W§|U" s:OÙW~:O"ÆXOMOzbNº!

•        ÆXOMOzbNº! :vO"WîôW< Ë vî«ñUz s:|ñUë

s! È˛ r:Oëœ ñWÖWz ÈUOìW4 s:Oï:u|Uz UïËu!WN! vÑUz s:|Ë«dOÖ s:O| v|UOLOë Ë v|U|eOã s:O"WK8U<

s:Oï:u|Uz U| ÂUîW" Uë…;d! vÑUz UëWïËu/ ñWÖWz ¨WïËu/ :u! ÆÊdë W¶:ON:Oì :Èœ ÊdJ:O"ñUë
2+MgÊU|

2+Cas:OL8u" uë s:OÑUz Ê«ËWzœ W|…œñU|œ ˜Wz ÆX|dÖUï ˜Wë :vïWJ! :vMO!U< ñWÖWz s! «b:O"

 „…Ë ¨È˛ d¶|œ s:Oï:u|Uz „…bMÙ XO!œ ÆWÑüW!ñW! U| å“U< Uï UÑUzò s!ñËË“œ «b:O" v|«eïUë
2+PbË

2+Cd ∫ÊdÙ…˛ ÊUï:u|Uz ÊUÑWz s:|Ë«dOÖ Ë ¨5! Â:uë «bOÅWì s:OïUÅ ˜Uïœ

WOOÑb:OÄ UîËWì s!«b:O" “W4 Wï s:|œœUî Ë g8W! ÊU|“ s:|œœUî :vÑUz s:|ñ…b:|˛ „…bMÙ XO!œ Ë

 Æ5ï«e! 5MOzœñUJ! ÂñWÖ UÑUz :ÈËWz ˜Uïœ s:Oï:u|Uz Ê«ËWz s:|ñ:u3

ÊUï:u|Uz s:|ñ:u3ñUÇ UïËu!WÙ í|Ëbì :Èœ «œ«œu3 s:O| :vÑUz s:OïËu/ bïWÇœ «b:OïdJOèU" :vÑWzœ

 ∫È˛ËWz s:O|ñWÖ
3+Fe ,2+Ca ,–Cl ,2–

4SO          Æ

„WìWÖ …d¶ÅU! UîËWì ¨XO! «b:O" ÊUï:u|Uz ÊUÑWz U| r:Oë „WìWÖ Uë…;d! ÊUïËu/ „…bMÙ XO!œ

 Æ«œ:u8 s:OOMO§:O"œ 5! ñUOAÙœ

Ë ˜UÇ UM¶<«ñUÄ :u! :u8ñW! WJ! Â«Ë…œñW! :vÙW~OèU" ©p¶OìWî® UJÅ:uëñW! Ë :vM¶<«ñUÄ UJÑUÇñW!

Æ:u8 s:OJK3

Ë ËuA! v|UOLOë s:|œœUî ñW! WM"Wë W" s:OJK3 ÊU| W" s:O¶<…œ ñWÖWz Ë Æv|UOLOë s:|œœUî ı WëWï X<…œ

 Æ:u8 :v|U¶<:u2 …ó:O!

 ÆWJ! ÈU¶<:uîUî UO|ñ«bÙWÖUz ¨v|UOLOë :vë…œœUî ñWÙ UM¶ÅñUî…bì

s:|ñ…bïUAOï

:vïUMO£Nº!

ËËœ Ë«dë“UOMA:OÄ v"Uë

 Wï«Ë WÅW!

 vëWA:OÄ

  v"Wîö<

 «b:OÑUzœ ÊUï:u|Uz UïËu!WÙ UM¶|œWÑ  UïdJOèU"4

Ũïñ«ËñW!‰:uÄ
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•® ¸UÇ…dã UëWOM:O<24 Æ©¸UÇ

•10Æs! Wç:OÄ Ê«Ë«dOÖ s:OïUAOï Ë ˜Uï uë ˜«ñ“ ñW< ©†«ñUDè® s:OM:OÄ:uìœ

• Æ©fJOKë® È“WäUë s:OJOãWë

• :ÈË«dOÖ1  Æ©s! «b:O" Ê:u|Uz vîWÙ® :vïUçOÄ :ÈË«dOÖ ∫

• :ÈË«dOÖ2 Æ©s!Wï «b:O" Ê:u|Uz® v¶fi‹J:|ñ UëWïËu/ ≠ s:OÄ:u˘œ UÑUz ∫

• :ÈË«dOÖ3 Æ©s!WÙ «b:O" Ê:u|Uz XO!œ® :vOãWïW4 UÑUz ∫

• :ÈË«dOÖ4    Æ©s!WÙ «b:O" Ê:u|Uz XO!œ® v"dÖ«œ s:OÑUz ∫

• :ÈË«dOÖ5      Æ©s!WÙ «b:O" Ê:u|Uz XO!œ® ÈdO! UÑUz ∫

• :ÈË«dOÖ6 :ÈË«dOÖ ∫X Æ©s!WÙ «b:O" Ê:u|Uz XO!œ® W" W"…œœ U¶<:uîUî :ÈËWz

• :ÈË«dOÖ ∫ √ :ÈË«dOÖNaSCN UïËu!WÙ UïdJOèU"®
3+Fe  Æ©

• :ÈË«dOÖ ∫ » :ÈË«dOÖ4O2C2Na UïËu!WÙ UïdJOèU"®
2+Ca  Æ©

• :ÈË«dOÖ ∫ Ã :ÈË«dOÖ3AgNO UïËu!WÙ UïdJOèU""®
–Cl Æ©

• :ÈË«dOÖ ∫ œ :ÈË«dOÖ2)3Ba(NOUïËu!WÙ UïdJOèU"®

–2
4SO   Æ©

•  Ævá< Uë…“WäUë

•  Æ©b:OÙ ñWÑuz® ñW< ËË˛ :ÈdOîUz

.1vîWÙ Ë WMO!ñUJ! :ÈñU) :ÈËWz ÊUMOï«e:OÄ :v¶A8 ËWz

 ÆWfiOçM! :u8 s:OOMO§:O"

.2Uë…“WäUë ñWfiì Ë :u8 UOA:OÄ Wï«œ ‰UÇ…dã UOM:O< ËWz

«œ ©√® :Èu:OÅœ „…Ë ñWÙ ¨WJ! ˜Uï UM|u¶< Ë e:|ñ Ë ¨vá<

‰ :vï“U! ËWz WïËu/ :u! ÆsM:|uïœ ÊUï“U! WëU" ñ…ËW" ÆÈdëñU|œ

 ®:vÄWÇ :v| ÈñW< :v| :̨uë-1:v| Èd:|˛ :vï“U! Ë W‡©œ

 ® :v¶<«ñ-6   ÆW‡©√

W¶<ñWë Ë …œœUî

 Êdë…œUîUz

 ©√® :Èu:OÅ«ËWz vá< «“WäUë ËWz

ÊUAOï Ë ˜Uï ‰UÇ…dã UOM:O< d:|óì

vë…Ë«dOÖ ñWÙ :vN3 v:OA! «œ WJ!

 ÆÈWJ!ñU|œ

O         ê         Ü        GC 

1

2

3

4

5

6

 ÊUMOï«e:OÄ :v¶A8

 :vïËu!WÙ UïdJOèU"

‰WÖœ †Wëœ vJ:OìñUë

©Ê:u|Uz vîWÙ® :vïUçOÄ :ÈË«dOÖ

 ©Ê:u|Uz v:O!® :vïUçOÄ ≠ s:OÄuìœ UÑUz

 :vOãWïW4 UÑUz

v"dÖ«œ UÑUz

 :ÈdO! UÑUz

 :ÈË«dOÖX

SO4 
2– Cl– Ca2+ Fe3+

Ba2+ Ag+ C2O4 
2– SCN–
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   :vïdëñUë UJ:|;ñ.1 Æ…d~!ñ…Ë :u8 ÈU¶<:uîUî ˛ «b:O" «œu3 s:|Ë«dOÖ ‘WÅ s:|ËWz ÈdJïUAOï ©†«ñUDè® s:|ñ…bJáÇ

.2 s:Oï“U! ñW< WJ! :Èñ…bJáÇ :ÈË«dOÖ˛ :vëWJ§Ç-1 ¨ √-1 ¨ »-1 ¨ Ã-1Æ©«b|ñW< «e:|ñœ® œ

 :ÈË«dO?Ö1v!UºOz :vîU$Wz W?J?§?Ç ˜W?z U?îËW?ì ÆW?ï«b:O?" ÈU?O?ìW?4 s:O?ï:u?|U?z ñU?Ç ËW?z v?îW?Ù

WK:ON! È…Ë«dOÖ …b! ¸ËWÙ Æ†WëñU|œ :Èœ ÊUMOzñUJ! WO"UÙ :vëWï:u|Uz ñWÙ UïdJOèU" :u! ©UïËu!WÙ®

“«u?8W?ï :v?îU$W?z :ÈñW?ÖW?z W?¶?O?§?! W?~?ï…;ñ XO?! U?ëW?M?¶Å;ñ ñW?Ù v?J?ïu?Ç ¨«b?|U$u??Ö :v??ï“U??!œ

 Æ©Èdë“W4Wï®

.3 :vM:OÄ:uìœ :ÈË«dOÖ UëWJ§Ç2 «e:|ñ s:Oï“U! ˛ p:Oz ñWÙ ñW< WJ!2 :ÈË«dOÖ ¨2Ë WM:OÄ:uìœ UÑUz

 Æs‹:Ozñ…œ vM:|ñWï s:OîU$Wz :Èœ WJ§Ç ˜Wz UîËWì ¨s! Wï«b:O" Ê:u|Uz WOOÑb:OÄ

.4 :vM:OÄ:uìœ :ÈË«dOÖ UëWJáÇ3 «e:|ñ s:Oï“U! ˛ p:Oz ñWÙ ñW< WJ!3UM:OÄ:uìœ :ÈË«dOÖ ˛ :vëWJ§Ç Ë Æ

4 «e:|ñ s:Oï“U! vîWÙñW< WJ!4 vM:OÄ:uìœ UïUMOzñUJ! :u!˛ WMO!ñUJ! p:|ñ ÊUîWÙ Ë Æ5«e:|ñ :u!®

5 :vM:OÄ:uìœ Ë ©6 «e:|ñ :u!®6     Æs!Wï «b:O" XO!œ Ë s!WÙ «b:O" Ê:u|Uz XO!œ Ê«Ë«dOÖ ÊUÑWz Ë Æ©

.5U" «œ å√ò s:OÄ:uìœ uë s:|Ë«dOÖ ËWz ÆÊdJOÅ W¶:ON:|œ uë s!WÙ «b:O" s:|Ë«dOÖ ÊUï“U! vîWÙ WëËuï

:v"UïUO<:u|Uz ÈœœUî å√ò :vM:OÄ:uìœ ÆÊUï:u|Uz UïËu!WÙ UïdJOèU" :u! ˛ WMO!ñUJ! s|WÙ «œ åœò

 Â:u|œ:u<NaSCN ‰WÖœ :vJ:OìñUë :ÈËWz ÈWÙ «b:O" :v|
+3Fe:È“:uìUz :vï:u|Uz Ë †Wëœ

2+Fe(SCN):vM:OÄ:uìœ Ë Æ†Wëœ «b|WÄ «b|…Ë«dOÖœ ¸Uë :ÈñËu< :vëW~ï…ñ uë XOMOzœ p:|

 Â:u|œ:u< :v"ô«eÖ:uz å»ò4O2C2Na s:Oï:u|Uz ‰WÖœ :ÈËWz W|«b:O"
2+CaË ÆÊWëœ :vJ:OìñUë

 vç|“ :v"«d¶:Oï åÃò :vM:OÄ:uìœ3AgNO s:Oï:u|Uz WÖœ :ÈËWz W|«b:O"
–ClË ÆÊWëœ :vJ:OìñUë

 Â:u|ñU! :v"«d¶:Oï åœò :vM:OÄ:uìœ2)3Ba(NO s:Oï:u|Uz ‰WÖœ :ÈËWz W|«b:O"
2–
4SOÆÊWëœ :vJ:OìñUë

UïUMO£J:OÄ :u!˛ ÊWëœ :vJ:OìñUë ÈdëñU|œ :vï:u|Uz ‰WÖœ åœò U" å»ò 5Ä:uìœ s:Oë:Ë;ññWÑUï Ë

   ÆÈUOìW4Wï s:O¶AOï

.6UO"«d|Ëœ ˛ Ë Æ©WÑ:ËdÅ® ÊdJOÅ W¶:OÙ :Èœ «ËWz :vÑUz :ÈËWz :v|Ëñ ñWfiì å√ò Èñ…œWJáÇ :vëW|ô

1cm U"2cm :vï“U!œ :vïUçOÄ :ÈË«dOÖ UJáÇñW< WJ! å√ò :ÈË«dOÖ ˛ :vëWJáÇ-1Ë ¨«œ √

  :vï“U!œ ©dDIî® ÈdJJáÇ UÑUz ñW< :vëWJáÇ-2  :vï“U! WOOÑb:OÄ ¨«œ  √-1:vëWîU$Wz  ¨  √

 vï“U! Ë XO‹:O!ñ…œ vM:|ñWz-2«bïUMOï«e:OÄ :v|:u8 :v¶A8œ ÆXO‹!ñ…œ vM:|ñWï :vëWîU$Wz √

ÆWfiOçM! vM:|ñWï Ë vM:|ñWz s:OîU$Wz ËËœñWÙ UM¶ãWëñ…œ :Èu:OÅ È…ñU!ñ…œ s:OOMO§:O" Ê«ËWz vîWÙ

.7 :ÈË«dOÖNaSCNUM|u¶<œ :vÑUz s:O|d¶|œ s:OJáÇ UïdJOèU" :u! WMO!ñUJ! «œ å√ò :Èñ…œWJáÇœ

 s:Oï:u|Uz UïËu!Wï ÊU| ÊËu!WÙ ˛ ÊdJ¶<«ñ XAÄ :u! ¨«œå√ò
3+Fe:v¶A8œ ÊUOMO§:O" ¨«bÑUïœ

©r:Oë ÊU| ¨…bï…ËUï ÊU| ¨…ñ:Ë“® :vO¶<W8 UO|ñ«Ë˛œ «bOM:|ñWz s:OïdJOèU" vîWÙœ ÆWfiOçM! «bïUMOï«e:OÄ

 ÆWJ!ñU|œ

.8:Èñ…œWJáÇ ‰WÖœ ÈUMOzñUJ! «ËWz ÈñUë «“U§:|ñ ËWz åœò ¨ åÃò ¨ å»ò s:|ñ…œWJáÇ ‰WÖœ

UïdJOèU" s:OîU$Wz ñËbì u8 s:OMO§:O" Æd¶|œ s:Oï:u|Uz UïËu!WÙ UïdJOèU" :u!˛ WJ!…ñU! bïWÇ «œ å√ò

 s:Oï:u|Uz :ÈñWz WJ!ñU|œ Ë ¨Wfi:OçM!
+2CdÊU| ,–ClÊU|

2–
4SO:ÈñWz Ë ¨ÊËu!WÙ «b|…Ë«dOÖœ

WMO!ñUJ! ‘…ñ Uë…œñWÄ Ë ÆÊËu§L:Oë U| ÊU| vºMÑUï ÊU| ñ:Ë“ U| «b|…Ë«dOÖ ˜Uïœ Ê«Ë UO¶<W8

           ÆXO! UH0 U| UïdJOèU" :v<ñWÙ ÊUÑWz :u! W~ï…ñ
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ÊdëñUë“ñ Ë ÊdëóÑUÄ

   ©UA:OKÖ® UJ|UîñW! ˛

   ÊdëWÑ«ñ Ë ÊdJOÅ

.9U?O?M:O< ¨7O?§?! ÊU?îU$W?z ÊU?OÅW??ï ñW??ÖW??z

Wç|ñW< ñËËœ :ÈdOîUz d:|˛ W‹:O! :vïdJOèU"

«bïUJá?Çœ :v?O?Ä:uÅU?z ö?|Ë ©b:O?Ù ñW?Ñ:u?z®

 :v|˛uë ˛ UJ§Ç WJ4W<Ë ¨WJ§OèU"10º

 U"15ºÈu:OÅœ „…Ë ñWÙ ¨å:vOM:O< ñWfiì

U??ëW??J??á??Ç ñW???Ù ÆXO???!œ ñU???|œ «œ ©»®

U??ïËu/ s:O???J???á???â???! Êd???J???èU???" X:O???Ùœ

 «e:|ñœ «ËWz ©5Ä:uìœ UÑUz® v¶fi‹J:|ñ2«œ

:vOÄ:uÅUz UïdJïUAOM¶<…œ Ë ÆWJ!œñË«ñW!

˛ ËWz uë XOMOÙWÖœ«ñ :vïdJOèU" UïËu/œ

 W????ï«b:O????" «œñU????|œ :v????îU$W????z(Tyndall

effect)u?ë XO??M??O??ÙW??Öœ :ÈË È˛ËW??z ¨

:v|:u8 :v¶A8œ ÊUîU$Wz Æs:|ñWz ÂU$Wz

   ÆWfiOçM! «bïUMOï«e:OÄ

.1:vN3 WM|ñWÖWç! ÊU¶<…ñWë ÆWJ! óèU! :vÙW~OèU¶ì :u8 :ÈñUë :vN3 Ë ‰WÄ Ë ‰Wë vîWÙ

ÈU¶<:uîUî :v|ô ˛ s:OïUîUz Ê«ËWz …ó:|;d! Ê«Ë«dOÖ Ë v|UOLOë s:|œœUî Ë †W§|U" :v| Ê«Ë

vA:OKÖ s:OJìW< ˜Uï ÊU| :v|uÅ X<…œ WëWï v|UOLOë s:|œœUî ı ÊdëñU|œ WMO"UÙ WÑ

Ë v!œ ”ö8 ÈñUë ˛ v¶AÄ ËuA! vÅU! :u8 s:O¶<…œ ÈU¶<:uîUî U|d|u¶<…œ v:O!

 ÆvÑWëñ…œ vÙW~OèU" ˛ v|ñW!

.1∫Ê«ñeÙ UM¶fi‹J:|ñU| v|UOLOë UA:OëËUÙ Ë ¨WJ! XO!œñU|œ ñWfiì vM:|ñWz UëWïdJOèU" ñWÙ :vfi4W!

 ÆWfiOçM! XO! vM:|ñWz UëWïdJOèU" ñWÙ :u! v"WÄ s:O| vï:u|Uz 5A:OëËUÙ Ë @ïW<ËUÙ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

10º-15º

 sOMO! ÈWÅ:uÖ

 ©»® :Èu:OÅ:u! ‰UÇ…;dã UOM:O< :v|ô˛ ÊUJ§Ç WJ4W<

»…ñU!ñ…œ Ëu! vM:|ñWz U| ÊdJOèU" :ÈñWz UïdëñU|œ

ÆWï ÊU| ÈdJïUAOM¶<…œ :vëWï:u|Uz
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  v¶AÖ s:OîU$Wzñ…œ.1∫ÊUîU$Wzñ…œ UM¶fi‹J:|ñ«bOë…Ë«dOÖ ñWÙœ 5¶|œWÑ W" s:Oï:u|Uz ËWz Ë ÊdJOèU" W" s:|Ë«dOÖ ËWz

 Æ©WL:Oë ¨vºMÑUï ¨…ñ:Ë“® ÊUï:u|Uz UO¶<W8 öÄ ñ:Ëbì s! «b:O" È˛ vMO§:O" ËWz ö! ÆWJ!ñU|œ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2∫ÊUîU$Wz UOMO§A:OÄ©d¶"WL4…“® d"“U<Uï UOîWÙ ˛ U| :vÑUz UïËu/ ËWz W" s:OïdJOèU" s:OîU$Wz UïUMOzñUJ!

 Æ…b§J:Oì :ÈË :ÈñWÖWz Ë ¨WJ!ñU|œ ©«dfiàd¶ëô«®

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````
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•:vA8Wï :vëWïdJOèU"vA:Oë :ÈœÆXO! v|UOLOë UëWA:Oë UïdëñW<…ñUÇ :u! :ÈË U$UîUz uë

 ÆXO! WM|ó:|u" Uë…ñUO<dÄ Uï«œ í<ñW!

• v|UOLOë s:O"WK8U< :ÈñU!ñ…œ :u8 s:OM|d:OM:Oì†…œb:|dÖ WçJ:OÄ Æ©«Ë«dï«“Wï® Ê«ñU|œWï UïdëñU|œ :u!

• s:OMOï«e:OÄ ˛ vï«ËUÇ Ë È;d! s:OîU$Wzñ…œ W¶OÙWÖœvÙW~OèU" Æ

• :vO"Wîö< Ë g|U<Uz s:OïËu!«d:OÄÆ†Wëœ Ë…d|WÄ

Ë 5ï«e:OÄ vÅUÄ ÆÊWëœ «b:O" :u8 «ñeÙ ‘U! Ë ‘U! ÆÊU|Uï«“ :v~MO<ñW! W¶:OÙœ „WA:Oë :vî…œ

:vÑœ Æ:vA:Oë UïdëñW<…ñUÇ U$UîUz » :vëWA8Wï Uïdëñ«ñ…Ë :u! sMOzœñUJ! :u8 U|bïWî…dÙW!

s:|Ë«dOÖ Ê«Ë ˛ ñ«uÇ Æ†Wëœ g:OJA:OÄ W" :u! @ï…ñ :v! s:|Ë«dOÖ XÅWÙ ˛ UëWîuë «œ :vïdJOèU"

:ÈbOfiëËñb|UÙ® 7H" s:|Ë«dOÖ s|Uî s:|ñ«uÇ Ë ©ÊËËñ :vJ|ñ:uKë:Ëñb|UÙ :vÅd"® sÅd"

í|Ëœ ‰ XH" s:|Ë«dOÖ ˛ p:Oz ñWÙ Ë vÅd" s:|Ë«dOÖ ˛ p:Oz ñWÙ UO¶<W8 Ë Æ©ÊËËñ :vî:u|œ:u<

 ∫W¶OÙWÖœ p:Oz0.1 M ,0.2 M,0.4 M ,0.8 M ÆW|WÙ «b:O" 5ìUßMì:uMOã vÅd" s:|Ë«dOÖ Ë

WMO§Nº! :u8 UJ:|ñ vÅUÄ Æ†…b! ÊU¶H" Ë ‘d" Uïdë«œu3 p:|˛ Uï«b:|ñ uë Wfi:OçM! :vëWJ:|ñ¨„W|

œ XH" s:|Ë«dOÖ Ë ‘d" s:|Ë«dOÖ Uïdëe:|ñ :u! WJ! :vÄ ÈñUë Ë WJ! WÅWÖ :vJ:|ñ vÅUÄ Æ©WMO!ñUë®

s:O"WK8U< ÆW" s:OJ:|ñ :u! «œ :vïUï«œWA8Wï :vÑUO!œ Æd"bMK! UO¶<W8 :u! r:Oë UO¶<W8 ˛ «œ :vëW¶fiOì

 :ÈbïW!œ …d~!ñ…Ë ˜UÇñW! ÊU¶H" Ë ‘d"3ÆÊdë WÅW~ïWÖ WMO"UÙ s:|ËWz v!U"uè Uëu"ñWÄ ˛

UïËu!«d:OÄ :vî…œœ «œ Ê«Ë ÊUO¶<W8œ Ê«Ë«dOÖ ˛ :vë…ñ:u3 ñWÙ :u! †…œ ÈËËñ ı :Èœ WJ! vMO§A:OÄ

˛ r:Oë s:|;d! ÆWJ!œñË«ñW! XO!œ :vÇ ı Uë ‰WÖœ :u8 s:OOMO§A:OÄ vÅUÄ :vïdJOèU¶! ÂUîW" U| W"

ÆWMO!ñUJ! Èñ«œWÖUz » ñ:Ë“ «;d! ÊUÑ Æs!WÙ W" :Èœ Wï«Ë UïdëWÑ:ËdÅ :È˛ Â…ñWî uë ñU|œWï s:|Ë«dOÖ

 ÆW" W"…b! ÈñU!ñW< s:OìWÄ Ë ‰Wë :u! vÑb:OÄ ñWÖWz ¨WJ! :u8 :v|U¶<:uîUî ˛ :È“U8«œ

Ë qÇ Ë ˜UÇ UM¶<«ñUÄ :u! :u8ñW! WJ! Â«Ë…œñW! :vÙW~OèU" :vÅuÖñW! Ë ñ…e:|ñUÄ s:OJÑUÇñW!

ÆW" s:OÖñW!

U|ñ«bÙWÖUz Ë uAÄ ¨XãWëñW! W" s:OJK3 ÊU| W" s:O¶<…œ ñWÖWz Æv|UOLOë :vë…œœUî êOÙ W|WëWï X<…œ

 ÆWJ! v|U¶<:uîUî

 Æ«œ v|U<Uz :vA:OKÖ UJìW< ˜Uïœ Wï«œWï v¶<WJÅ s:OAOÅ «ñU3 ı

:vïUMO£Nº! s:OïUAOï

ËËœ Ë«dë“UOMA:OÄ v"Uë

 Wï«Ë WÅW!

 vëWA:OÄ

  v"Wîö<

W¶H" ÊU| WÅd" ËWz :ÈñWz

 UïdJOèU"5

Ũïñ«ËñW!‰:uÄ
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• ® ‰UÇ…dã :vëWïUîUz24©„ñuè ÊU| ‰UÇ

 ÊU|24Æp|Ëuâ! s:O| :vïdJOèU" s:|ñ:u!

•Ë ÈdJïUAOï s:O| :vÙW~OèU" s:Oë:Ëóî

 ˛ XO! «b:O" «Ë«dOÖ1 :u!8  Æ

• Æ:vïdëóèUÄ Ê«œœ s:O|ñ«œ s:Oëñ«œ ËËœ

• Èœ :vëW¶A" ñWÙ » vÑb:OÄ ñWÖWz

 ÆWJ! :u8 :v|U¶<:uîUî ˛ :ÈñUO<dÄ ÈËu!

.1∫ÊUO|ñUOï«“ :v¶A8v¶AÄ «b|U$uÖ UM|Ëu¶< œ WMO!ñUë » ñU|œWï s:|…Ë«dOÖ s:O<Ëuï…ñ UMOfiOçï :u!

 :v¶A8œ Ë ÆÈdëñU|œ Ê«Ë UîUM<Uï W"2œ :vë…Ë«dOÖ ñWÙ :v<Ëuï…ñ ÆW" UïdJOèU" v¶AÄ «œ

 ÆWfi:OçM! «œ :vO¶<W8 «e:|ñœ Ë «œ :ÈË UÅuÖñUÇ

‰WÄ Ë ‰Wë Ë …œœUî

 Êdë…œUîUz

 XH"  ‘d"

 ÊU|ñUOï«“ :v¶A81

HClNaOH  v¶<W8

 ÊU|ñUOï«“ :v¶A82

0.1 M

0.2 M

0.4 M

0.8 M
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.1UïUMO£Nº! :vî…œœ ÆW¶H" óOë Ë WÅd" …Ë«dÖ óOë UïdëñU|œ :u! WMO§Nº! :u8 :v|dë…œUîUz :vA8Wï

:vïdJOèU" s:OëËóî Æv|UOLOë s:|œœUî Ë W" :v¶<…œ «ñW§ÑUïœ UM¶ãWJ:OÑ ˛ W!ñUOAÙ «bïUïdJOèU"

Ê«Ë vÅUÄ Æ©ÊUëñuë® «œ ÊôUÇ ñ«uÇ Ë XfiO! ˜Uï :u! È…Ë«dOÖ s:OÄ:uìœ UïdJ:O" :u! WA:Oç~!

ÆWfi:OçM! «œ Èdëñ«œ :Èñ«u8 ‰ UOÙôUÑœ :u8 s:OOMO§:O" vîWÙ Æ:u8 s:OïdJOèU" :u! WMO!ñUJ! ÊUÄ:uìœ

  s:O|ñUï«“ :v¶A8œ :u8 :vîU$Wz vÅUÄ1 ÆWJ!ñUî:u" «œ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2WJ! :u8 :v|U¶<:uîUî ˛ :È“U8«œ ÆWfiçM! «Ë«dOÖ UO¶<W8 UïdëñU|œ UO:|ñ «œ :Èñ«u8 ‰ UOÙôUÑ :vÑœ

u" :vëW¶<ñWë ñWÙ WJ! :vì È˛ :È“U8«œ Ë Æ†WJ! bïW<WÄ Ë W" :vA8Wï W"…b! :u8 :ÈñW!

 Æ†WJ! 5!«œ W" :u! v!œ vÑb:OÄ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.3‰ UOOÙôUÑœ :u8 s:OM|d:OM:Oì vîWÙ WMO§Nº! Ê«Ë«dOÖ UO¶<W8 UïdëñU|œ :u! Èdë ˜WÙñW! W" UJ:|ñ

 s:O|ñUOï«“ :v¶A8œ :u8 s:OîU$Wz ÆË WJ!ñUî:u" «œ ÈdëñU|œ :Èñ«u82 ÆWJ!ñUî:u" «œ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

 1.WM|dÑe! ¨Ë WJ! óèUÄ :u8 s:OìWÄ Ë ‰Wë vîWÙ ÆWJ! óèUÄ «œ :vÙW~OèU" œ :u8 :vìuÅ :vN3

:u! U¶<:uîUî :vN3œ Ê«Ë UïUï«œ » WJ!ñUÖ“ñ :u8 Ê«Ë s:|Ë«dOÖ Ë UO|UOLOë ˛ ÆÊ«Ë :vN3

…ó:OÑUÙWï U| ı Ë Æ©:vìWfiGî® :v|uOÅ X<…œ …ó:|ñWï v|UOLOë s:|œœUî ı Æ†Wëœ ÊU8ñW"

:u8 s:O¶<…œ Æ:ÈbMÙ :u! XO!dëWïñU|œ W":u! v|U¶<:uîUî ñWÖWz ÊUJ|UîñW! UJìW< ˜Uïœ

         Æ:vÙW~OèU" ˛ :vM¶ãWëñ…œ ÈñW! Ë ÈñUë UïUMOz pOÙU1Ëœ » v¶AÄ uA! ‘U!

 ©√® :Èu:OÅ:v|…Ë…ñW<Uï UïdJ:O" v¶AÄ

ÈWJ!ñU|œ d" vÙUïUfi! v:OÅœ u" vMOìUßHì:uMOã

 ÆW¶H" óOë Ë WÅd" …Ë«dOÖ óOë Uë

 ÈñUë UJ:|ñ

ËËœ Ë«dë“UOMA:OÄ v"Uë

 Wï«Ë WÅW!

:u8 Ë ÊdëóèUÄ

  ÊUJ|UîñW!˛ ÊdëñUÖ“ñ
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.2∫ÊUOO¶ãWëñ…œ UïdëWÑ:ËdÅs:|Ë«dOÖ UîUM<Uï UïdëñU|œ :u! ñWÖWz WM|:u! s:|ËWz :vïdJOèU" s:OîU$Wz UM<WÄ

 ÆÊdëñU|œ W"UÙ ñU|œWï s:|Ë«dOÖ UO¶<W8 «ËUÇ WJ!WÑ«ñ ÆWJ! ñU|œ XH" s:|Ë«dOÖ Ë ‘d"

  :v<:uï…;ñ UïUçOÄ :ÈdOîUz ËWz Ë ÊU|…Ë…ñW<Uï s:|ñ:u3 bïWÇ v:OÅœ ¨Ê«Ë«dOÖ U<UM:OÄ UïdëñU|œ :u!

® vMO3Ëñb|UÙPH  ÆÈË :Èñ:u3 Ë ÈË «;d! :u! …ñUJ|ñUÙ uë vMO!ñUJ! ©íOÄ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````
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````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.1∫ÊUJ:|ñ UïdëWÑ X<«ñ:ÈñWz ÆWJ!ñW§ÑWÙ Èœ UëWïdJOèU" :vëWÄ:ËdÖ s:OîU$Wz ‰WÖœ :u8 s:OîU$Wz

Ê«Ë«dOÖ Uîuë ËWz ñWÙ Æv!U"uè ˛ Èœ :vÄ:ËdÖ Ë W" :vÄ:ËdÖ :u! W" :v|U¶<:uîUî uë vïœ«œ U<…Ë u"

 :ÈË«dOÖ :ÈñWz WïËu/ :u!® ø:vOM|«œ1 :ÈË«dOÖ ñWÙ W" Uî:uë :È1  øWO|œ Uî:uë :È

ÆWJ! ÊËËñ :u8 Uç<ñW!
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„

  v¶AÖ s:OO¶ãWëñ…œ
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.2∫ÊU¶ãWëñ…œ » ÊdJ:OÄñUës:|œœUî «ñU§îuà UïdëóèUÄœ ÈWëœ :v|ñUJ|ñUÙ :u" uë :u8 «ñeÙ WMO! U<…Ë

Ë ÆX|˛ñœ «œ v|UOLOë s:|œœUî UëWAOÅœ ÊËËñ :vëWKÅ X|œ W" Æ«œ:u8 UïU‹!U"uèœ v|UOLOë

“WK! :vë…u:OA! v§!«ñ :vÄ s:OÅœ uë s:|ËWz WMÇ ÊdJOèU" ËWz :vMO<UOï U"ñUë » W|dJÑWÙñW! U|Wï

 øW¶H" ÊU| WÅd" X|˛ñœ :ÈœœUî ˜Wz :ÈñWz ¨UïdëñU|œ :u!

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````
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````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````
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• ñËu< UOîWìWë s:O~ìW! ˛ ©ñWJ~ï…;ñ :ÈœUî® ÊUMOïUO<:ußïWzÆ:Èñ…œ WMOzœ

• :ÈñUO<Uï s:O~ìW!pH ñËu< UOîWìWë s:OOïUMO<ußïWz ˛ÆÈWëœ …œUîUz

• W¶:OÙœ v¶fi‹:Ozñ…œ :ÈñËu< :vOîWìWë s:OOïUMO<ußïWz „W~ï…ñ :ÈñUO<Uï :vA8WïÆÊUA:Oë

• s:|UÙW! Uïdë«ñUî:u"œ ÈñUO<Uï s:|“WäUë U|d|uÙpH ˜ôW!ñW! s:|…œœUî :u! :ÈÆ†WëœñË«ñW!

• UïUM:O£N3  Æ:vO"Wîö< Ë v|UNïW" s:OïËu!«d:OÄ

:vîW¶fiO< ÈË UO¶ÅËd< ÈË :v~ï…ñ UM|;ñ:uÙuÖ » WO|UOLOë :ÈœœUî ËWz ∫ñWJ~ï…;ñ :ÈñUO<Uï

Ë Ê“:uìUz s:OOî«bïWz s:|œñWÖ «ñUO<Uï s:O~ï…ñ UOï«;dÄ ¨XOM|d:OÖœWÑ ÊUï«œ W¶:OÙœ «b:O" uë v|UOLOë

ÈË ñ:uÖ ‰ XO! @ï…ñ :v! :v| X:OÅœ Ê«u:OÅ Ê«Ë ˛ p:Oz ÆWïWÙ «b:O" @ï…ñ bïWÇ s:|u:OA!

s:|Ë«dOÖ ©UïdëñU|œ® UïdJOèU" :u! ÊUMOzñUJ! WM:OÙœ ñWJ~ï…;ñ s:|ñUO<Uï ˛ „WìWÖ v|UOLOë :ÈbïWÑUï

 Æ‘d"

 vî:uOï:Ëñb|UÙ s:Oï:u|Uz UO¶<W8 Uç<ñW! U¶H" ≠ ‘d" s:|ñUO<Uï]+O3[H‘d" s:|Ë«dOÖ ÆÊ…œœ

 s:Oï:u|Uz ˛ È…b:|“
+O3H Wï«b:O" r:Oë WçJ:OÄ «œ XH" ÊU| Ë vìUJìWz s:|Ë«dOÖ Ë :vìW! ÆWï«b:O"pH

 :ÈñWçOÄ]+O3[H :v§OìU< :vL¶|ñUÖuì ËWz uë 5<UOï W¶:OÙœ ÆW|]+O3[HU|u! Æ«œ È…Ë«dOÖœ W|

W¶:OÙœ WMOÅ :v~ï…ñ Ê«œu8 Wë…œœUî ÆW|U¶H" ≠ ‘d" :vÑôW!ñW! :ÈñWÙ :ÈñUO<Uï :È :̨ËñW!WìuÖ

 “«“W4 ÊU| v|U|ñ…œ :vëW|UOÖ ˛ 7fi‹:Ozñ…œ(lichen)WO:|:u! :vÑ :vOë…ñW< :ÈñWM:ONJ:OÄ Æ

® WMOL¶:OìË“UzAzolitmen s:OOïUO<:ußïWz Æ ©Anthocyanins«bïUë…ËËñ œ ˜ôW!ñW! „WìWë

ÆsMOzœ p:OÄ Ê«Ë s:|dÖñ…Ë vMOÅ Ë ÈñËu< Ë Èñ…“ ˛ ÊUOI:Oã Ë ÊôuÖ s:O~ï…ñ UOï«;dÄ

v~ï…ñ UM|;ñ:uÙuÖ vJïuÇ ¨ÊU¶H" ≠ ‘d" :u! »U|Uï s:|ñUO<Uï s"ñUîóÙ W¶:OÙœ 5ïUMO<ußïWz

 s:O|UÙW! ˛ Á…dãñW! :vëW|«œËWîœpH:vÑ :v|dJMO!«œ s:|ñ…b:|˛ ñËu< UOîWìWë Ë ÆXO‹:Ozœñ…œ «œ

s:|œñWÖ ˛ WìWJ:O" v¶AÖ :ÈñUO<Uï ¨ÊUMOïUO<:ußïWz ‰ Ë :È :̨ËñW! ‰:uÖ ‰ Á«œu3 :vë…u:OA! ÆWO:|u!

 UM"dÖWÑ :u8 :ÈñWçOÄ v¶AÖ :ÈñUO<Uï ÆÁ«œu3 s:|WçJ:OÄ s:|ñUO<UïpH ˛ †WëœñW! X<…œ1

 U"WÙ14 s:|WëW|pHÆWÑñ…œ˛ WMOzœ ñËu< UOîWìWë s:O~ìW! ˛ ñWJ~ï…;ñ :ÈœœUî «œ :vïdJOèU" :vÑœ  Æ

 :ÈñUO<Uï «“WäUë U¶|dÅ Uïdë…œUîUz :u! ÊUMOzñUë » WM:OÙœ ËpHWM:OÙœ :È“WäUë s:O¶|dÅ ˜Wz Æ

 UïdJOèU" :u! ÊUMOzñUJ!pH s:OïdJOèU" s:OîU$Wz ‰WÖœ s:OîU$Wz Æ:vìUî s:OÑôW!ñW! s:|œœUîpH

 s:|“WäUë Ë :È :̨ËñW! WìuÖ ‰WÖœ :Èœ uz ÆÈWëœñË«ñW! :ÈœpH ÆÊdë WM:OÙ :Èœ v¶AÖ

Ë ˜UÇ UM¶<«ñUÄ :u! :u8ñW! WJ! ñWÙ Ë ñWÙ ©p¶OìWî® :vÙW~OèU" :v<«dë Ë :vM¶<«dÄ s:OJÑUÇñW!

ÆW" s:OJK3

:v|U¶<:uîUî …ó:O! Ë uA! 7ãWëñW! W" s:OJK3 ÊU| W" :v¶<…œ Ë †UÙ ñWÖWz ¨v|UOLOë s:|œœUî ı WëWï X<…œ

 Æ :u8

:vïUMO£Nº! s:OïUAOï

ËËœ Ë«dë“UOMA:OÄ v"Uë

 Wï«Ë WÅW!

 vëWA:OÄ

  v"Wîö<

:vìUî s:|ñUO<Uï  UïdJOèU"6

Ũïñ«ËñW!‰:uÄ
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 ¨WJ§|“UÖ :u8 :v|U¶<:uîUî 7Åñ W¶:OÙœ v|UOLOë :vë…œœUî :vî…œÊ:u8œ :vì s:|œœUî XH" Ë ‘d"

:ÈËWz ñWfiJ:Oz ¨W" s:OJK3 ÊU| W" :vîñWÇ ñW< W¶ãWë XH" ÊU| ‘d" ñWÖWz Æ©˝ìUë¬®

UM¶Åñ :vÑUO!œ Ë ÆWJ! È“UÖ :u8 :v|U¶<:uîUî «œ vÅd" UM¶Åñ s:Oï«œËUëœ ¨uA! :vÑUz » ÈËu! fOÄ

ÆÈWJ! ñ«œWÖUz :u8 :v|U¶<:uîUî Ë Êdë«ñ WM:ON! ÈË“ X:OÑœ :vëW¶H" ÊU| :vëWÅd" ñWÙ

 Æ«œ v|U<Uz s:OA:OKÖ UJìW< ˜Uïœ WOï«œ v¶<WJÅ s:OAOÅ XO!Uï

ÆWëWï ÂñWÖ v¶<WJÅ s:O|WAOÅ s:OïUîUzs:Oëñ:uÖ X<…œ ÊU| :vJ<WÖ ÆÈ“ñ…œ Ë pO" s:| ÊU|

¨WMO!ñUJ! Èœ s:OîñWÖ s:O¶<…ñWë ÊU| ÈWAOÅ s:OïUîUz UM"dÖ :u! :vOîñWÖ U|dÖñW!

 ÆsîñWÖ Â…œñWÙ uë ÊñU|œWï WAOÅ s:OïUîUz vJïuÇ

• ® ©‰UÇ® „ñ:uè …dã Ë vá< UëWOM:O<6  Æ©‰UÇ•COOH30.1 M CH

• UOÙ…dH! ÈWAOÅ :vë…ñWJO!250 mL ¨2 Æ•3BO30.1 M H

• ÆÈbïUÙWÑ s:OKO"Wã•0.1 M HCl

• ¨È“UçOÄ ¨ñËu<® @ï…ñ Ë U~ï…ñ s:O<ËuM:OÄ•30.1 M NaHCO
 Æ©ñ…“ ¨p<Wë ¨5Å ¨vï«ËW8ñWz•0.1 M NaOH

•  Æ‘d" s:|Ë«dOÖ :u! :vM"ËôUÄ :vOì:uîWë•  ñËu< :vOîWìWë

• :ÈdO" ©:vMOï“ñUÄ® :vM"ËôUÄ «“WäUë9 cm ÆÈ• :vìUî UOïuîWz0.1   •

•  Æ˜«ñ“ ñW< s:O<WIî•  UÑUz ¨n:O< ¨UOïuîWz ∫:vìUî s:|œœUî

•  Æ©jIKî® p<WÖ ¨vïbïôWë Wï UJ:OÙ vïbïUÄuìœ

•    Æ:vîñWÖ ˛ ÈdÖW! s:Oëñ:uÖ X<…œ ¨Ê:u1Wì ¨vI:Oã :vï:uK|Uï ¨Èd" U"W!ñWÅ

 UÑUÅ ËËœ ¨UOfiOMÖWî :ÈdOÅ ¨dOÅ

•      Æv|U!…ñUë :ÈñWJîñWÖ UÑUz ¨‰UèW"dÄ :̈ÈdëWÅ s:OïWÑWì

  ¨s|dÅ U"U¶Ä ¨‘d" :vOîWìWë ¨v|«eïUë

•       ÆvïUîñ…œ UM:OÄuìœÆ:vìW§î…“ UÑUz ¨dO< UÑUz ¨„u< ÊU3U!

•   ÆÈd¶î p:Oz :v¶<«ñg:OëËUÙ « :̨ËñW! :̧uÖ «“WäUë

•      ÆÈ“…œ v¶AÖ :ÈñUO<Uï «“WäUëpH¨

•   Æ:v|UîWÅ :v<ËuM:OÄ ®14-1 U|WëW|pHÆ©

UJAÄ1 ∫ ÆñËu< :vOîWìWë ˛ UMOïUO<ußïWz UïUMOzñ…œ

.1 Æ:ÈñWJ! :vÙW~OèU" :v<«dë Ë Uë:u~¶<…œ Ë :ÈñWJ! :vM¶<«ñUÄ s:OJÑUÇñW!

.2s:OÇñUÄ WJ!Ë Æ…d:|ó§ìWÙ d:O" ©ñ:uî® :vOï«u8ñWz ÈË :v~ï…ñ :ÈñËu< vîWìWë :vëW~ìW!

 Æp|uâ!

.3 :v|WAOÅ :vë…ñWJO!250 mL :u!2\3ÆvîWìWë :v~ìW! s:OÇñUÄ ˛ WJ!dÄ ©ÈË UJ:O< ËËœ®

«b:O" vîWìWë :v~ìW! 5ÇñUÄ uë U" WJ! :v" ÈbïUÄ:uìœ WO"UÙ Ë Ë«dM:OÄuìœUÑUz ˛ Èdë «d:O" Uë…;d!

ÆXOìWëœ uë U¶Ù WJ! ÂñWÖ Ë v|U!ñUë :ÈñWJîñWÖ ñW< Wï«œ ÈñWJO! ÆÊdë ÂËuIï WM:ON!

:ÈËUî :u! XO! ñU< ‰WJ:O" WK:ON! Ë ¨WM|dîWÑ ÈñWJîñWÖ vÅUÄ ÆWMOìWJ! UëWìu8 ZM:OÄ

10 U"WÙ15  ÆÊUëWìu8

UJAÄ2 ∫  ÈñUO<Uï U¶|dÅ Uïdë ŒU|:u!

.4» ÆWMOìWÙ :v!…ñUë :ÈñWJîñWÖ ñWfiì ÈñWJO! :vOîñWÖ U|dÖñW! s:Oëñ:uÖ X<…œ UïUMOzñUJ!

:v|œ :vë…ñWJO! WJ! Ë ÆWM|“ñUÄ ÈdëñU< :ÈñËu< :vOîWìWë :vOï«ËW8ñWz :ÈË«dOÖ ÈñUOAÙ

250 mLÆv|U¶<uîUî s:|ULM:|ñ ñ:uÖ ‰ …ó:OÑUÄ ñU< s:OOîWìWë s:O~ìW! Æ

‰WÄ Ë ‰Wë Ë …œœUî

  ÈñUë UJ:|ñ
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.5UM"dÖ UëWJ<WÖ » ÆWfi:OçM! ;d8 s:OMOï“ñUÄ s:|“WäUë ‘WÅ ñWfiì :u8 :vÑUï˛ :vJ:Oz U¶OÄ

uë W! X<«ñ XAÄ Æ«b:O" vîWìWë U|W¶8:uÄ :ÈËWz ÈñWJO! ÈË ˜Uïœ Wï«œ :vMOï“ñUÄ s:|“WäUë

˜Uïœ Wï«œ Ë :Èñ…œ WA:Oë«ñ :vJ<WÖ » vÅUÄ Æs|Ëu!ñW" X:O| vîUîW" » :vMOï“ñUÄ s:|“WäUë

 Æ6! pAÙ vîUîW" » WK:ON! Ë :vë…ñWJO!

 ÆvMO!ñUJ! :vÇdÄ UïdJAÙ :ÈdOîUz v:OÅœ u" 6! pAÙ ÈË“ uë :ÈbMÙ :u!

.6 UM|;d! :u! WMO!ñUJ! :v<WIî Æ:vïdJAÙ v¶AÄ30ñWÙ :ÈñWçOÄ Æ:vMOï“ñUÄ s:|“WäUë ˛ „W" s:O¶|dÅ

  Ê«Ë ˛ p:Oz 1 cm ™6 cm  Æ

UJAÄ3 ∫ s:|“WäUë :vë…ñUO<Uï v~ï…ñ vA8Wï v|“U<WA8WïpH ÆvMOïUO<ußïWz » :È

.7 ˛ Ê«Ë Uïdë ”Ëuï…ñ Ë Æ©‰UÇ® Uëñuë ‘WÅ UïdëñU|œ :u! WMO!ñUJ! :v|UîWÅ :v<uM:OÄ1 :u!6

 Æ«œ „ñuë …dã UOM:O<œ

.8 :̈Èñ«u8 ‰ :v¶A8 ñ:uÖ ‰10Uëñ:uë ñW< W‹:O! U¶H" Ë ‘d" s|Ë«dOÖ ˛ :vë…Ë«dOÖ ñWÙ ˛ UÄ:u˘œ

 Æ:ÈË :vÑUM! ÈdJïUAOï

.9 UJAÄ œ Èdë…œUîUz U| ÈñUO<Uï s:|“WäUë ˛ «œu3 UëW¶|dÅ2ñWÙ ˜Uïœ WJ! ©ÂËuIï® W‹:O! «œ

 :v¶A8œ v~ï…ñ Ë ÆUëñ:uë ‘WÅ ˛ p:Oz1   ÆuA! vïUîUz Ë WfiOçM! «œ

.10 v¶A8œ W|dëñUîu" U| ı UëË WMO!ñUJ! @ï…ñË U~ï…ñ s<ËuM:OÄ1s:O~ï…ñ :vA8Wï UïdJîUîW" :u!

  :vA8Wï ÆWMO!ñUJ! :Èñ«u8 ‰ U¶|dÅ ñWfiì ÈñUO<UïpH˛ v|UMOzñ…œ s:OMOïUO<ußïWz s:O~ï…ñ Ë

ÆñËu< :vOîWìWë

0.1 M

COOH3CH

0.1 %

   :vìUî UOï:uîWz

0.1 M

3BO3H

0.1 M

3NaHCO

M 1.0
NaOH

0.1 M HCl

123456

pH

1.0

2.9

5.2

8.4

11.1

13.0

 …œœUî

 vëñuìUëËñb|UÙ :vÅd"0.1 M HCl

 ©pO¶O<Wz® ÈWëd< :vÅd"COOH30.1 M CH

  p|ñ:u! :vÅd"3BO30.1 M H

 UOï:uîWz :vî:u|œu< :vïUï:u!ñUJO!31.0 M NaHCO

 UOï:uîWz30.1 M NH

 :vî:u|œ:u< :ÈbOfiëËñb|UÙ0.1 M NaOH

 ÈñUO<Uï v~ï…ñ

 ÊUO|ñUOï«“ :v¶A81

1 2       3       4       5       6       7       8       9       10       11       12       13       14

 ñ…“ p<Wë 5Å vï«ËW8ñWz È“UçOÄ ñËu<
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UJAÄ4 ∫ Æ:ÈË UïbïU~ïWfiìWÙ Ë ÈñUO<Uï s:|“WäUë U|œñË UëW|œñË«ñW!

.11 :v¶A8œ s:|ËWz :vìUî s:|…œœUî ËWz vîWÙ2s:|“WäUë Ë v¶AÖ :ÈñUO<Uï s:|“WäUë » s:OÙœ

 UJAÄ œ Êdë…œUîUz WMO"UÙ 5OïUO<:ußïWz s:|“WäUë Ë :È :̨ËñW! ‰uÖ2Ê«ËWz vîWÙ ÆWJ§OèU" «œ

 UïUï«œ » WJ§OèU" Èd§ÑUï s:OKÅ10˜UÅ:Ëœ ÆvïUîUz s:OëñËuë ˛ :vëWëËñuë :u! vKÅ ˛ ÊUÄ:u˘œ

 v|UÙW! Ë ÆWJ§OèU" ‚…ñ s:|…œœUî vîWÙ :ÈË«dOÖ ÊU|pH :v¶A8œ2   ÆWfi:OçM! «œ

.1Ë WJ!óèUÄ :vïdJOèU" s:OìWÄuìWë vîWÙ ÆWJ!óèUÄ «œ :vÙW~OèU"œ :u8 :ÈñUë :vN3

†W§|U" :vï«Ë :vN3œ Ê«Ë«dOÖ Ë U| v|UOLOë ˛ WJ!ñUëe:|ñu8 ÆÊ«Ë :vN3 :u! WM|ñWÖWÑ

U|ËuÅ X<…œ ˜Uï …ó:|ñWï v|UOLOë s:|…œœUî ı Æ†Wëœ ÊU8ñW" :u! U¶<:uîUî :ÈËWz

WïW" :v|U¶<:uîUî uë U"WÙ «bïUJ|UîñW! UJìW< ˜Uïœ …ó:OÑUÙWï «œœUî ı Ë ¨Ë ÊU¶<…œ

ÈñW! Ë :vOÙœ vÙU1Ëœ » uë v¶AÄ uA! :u8 X:O¶<…œ ‘U! Æ:ÈbMÙ :u! X|d:Oá<«ñ

Æ:vÙW~OèU" ˛ :vM¶ãWëñ…œ

 :v¶A82 ∫pH ˜ôW!ñW! s:|œœUî :È

ÊdëñUÖ“ñ :u8 Ë ÈóèUÄ

  ÊUJ|UîñW!˛

pHv|UçOÄ

pHs:|“WäUë® :È

©:È˛ËñW! ‰:uÖ

pHs:|“WäUë® :È

vMïU<uïWz » uë

©s|dë ⁄U|u!

pH s:|“WäUë®pH
©v¶AÖ :ÈñUO<Uï :È

 ÊUO|ñUOï«“ :v¶A82

˜ôW!ñW! s:|œœUî

 :vï:u1Wì UÑUÅ:Ëœ ÊU| „…ñWë

 :vç:O< UÑUÅ:u8

 :vç:O< :vë…ñWë

 Èd" UÑUÅ:u8

 vI:Oã :vï:uK|Uï

 :vìUèW"dÄ :vë…ñWë

 vÅd" UOîWìWë

 ñËu< UïU3U! UëW8W"

 :ÈdëWÅ UïUÑWì UÑUÅ:Ëœ

 s|dÅ U"U¶! :vë…ñWë

 v|«eïUë UÑUz

 dOÅ

:vOHïW4 UÑUz

 ©ÈbïUÄuìœ Èuï® ÈbïUÄuìœ UÑUz

 ÈbïôWëWï UJ:OÙ

 ÈdëdO< UÑUz

 UOfiOMÖWî :ÈdOÅ

 UOï:uîWz

2.4-2.2

2.9-2.4

3.3-2.9

3.3-3.0

3.3-3.0

4.0-3.0

3.6-3.4

4.4-4.1

5.4-5.0

5.6-5.3

9.4-6.2

6.8-6.4

8.0-6.5

7.0

8.0-7.6

8.4-8.0

10.5

11.9-10.5
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.1∫UO¶ãWëñ…œ UM¶fi‹J:|ñ UïdJOèU" s:|“WäUë vîWÙ :ÈñWzpH :Èñ«u! :u8 s:|ñ:u3 :v< ñWÙ »pH

 Æ:u8 Uç<ñW! UOïUÑW¶AÄ :u! WMO!ñUJ! :u8 s:O|ñUOï«“ øX|dÖœ vîUîW" » vçOÄ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2∫ÊU|ñUOï«“ UïdëWÑ:ËdÅ :ÈñUO<Uï «“WäUë óOëpH :ÈñU!œpHøËu! œñË U|d¶Ä «œ:u8 » vçOÄ

 ÆWJ§ïËËñ :u8 Uç<ñW!

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.3∫ÊUO¶ãWëñ…œ ñWfiì ©Ê«œUAOï® ÊUMOzWÑ:ËdÖ s:|UÙW! UOÙ«œu3 :u! Ê«ñWÖWz bïWÇpHv|UçOÄ :v| :È

  ÆWJ! 5§A:OÄ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

4∫ÊUO|ñUOï«“ UïdëWÑ:ËdÅpHvî:uOïËñb|UÙ Uï:u|Uz UO¶<W8 UïdëñU|œ :u! WMO!ñUJ! Èuï UJ:OÙ :È

 Æ«œ :vJÙœ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

  ÊdJï:Ë;ñ Ë ÊdëWÑ:ËdÅ
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.1∫U¶ãWëñ…œ ñWfiì ÊUMOzWÑ:ËdÖ :v|UÙW!pH WMOÙWÖœ Êö:OÇ :ÈdOÅ :È6.5:ÈdOÅ uëWÙ ¨vJ|e:OM!

vë…Ë uë :vëWîU" UïUA:OJ! È˛ËWz :vïËu! ‘d" ñWÖWz Êe:O!œ Ê«ñU3 „…bMÙ XO!œ »«d8 :ÈË

 :̈v|UOLOë :u! W" UMO<UOï ˛ p:Oá¶<…œ ÆWÅd" Uï:u1Wì UîU"pH Uïñ«u8 :ÈpH«œñWfi! ı ÈdOÅ :È

 øWO"UÙ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

  v¶AÖ s:O¶ãWëñ…œ
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•UïbïU~ïW<ÆvÅd" :v"WK8Ufi! :vM|dOá<Wz UJ!W4 UïUMOzñUJ! Êdë W¶:OÙœ ÊU¶H"≠‘d"

• ôU8 UïbïUÙWÖ :u! ÊUçOÄ W¶:OÙœ ÈdëñU|œ v¶<W8 :v¶H" :ÈË«dOÖ ˛ vÑb:OÄ :ÈñU!WèÆ:vJOÙU1Ëœ

• :vJOÙU1Ëœ ôU8 UïbïUÙWÖ :u! vÑb:OÄ s:Oì:uî «ñUî˛Æ†WëœñUî˛WÙ

• :vM|dOá<Wz :u! vì:uî U¶<ñU!Æ†WëœñUî˛WÙ

•UïUMO£N3 Æ:vO"Wîö< Ë :vOÙUïW" s:OïËu!«d:OÄ

¨«œ :vïËu! g:OëËUÙ s:OJ:OìñUëœ †Wëœ :vJ:OìñUë ÊU¶H" ‰WÖœ Ë ¨WÅd" r:Oë :vë…œœUî s|dOá<Wz

vÅd" Uïu§A:OëËUÙ :vî…œœ :ÈËWz ÈñUO<Uï :v~ï…ñ UïUMOzñUë » 5â! «œ :vJ:OìñUë n|Ëbì ñWÖWz

vÅd" s:Oì:uî «ñUî˛ Ë ÈdëñUë s:O¶H" s:Oì:uî «ñUî˛ W|«œ ÊUOÅœ ÆX|ñ:uÙuÖœ :u8 :v~ï…ñ «œ

ÊUÑ «ñW§ÑUïœ U|bï…u|WÄ ¨v~ï…ñ UM|ñ:uÙuÖ :u! vÑb:OÄ :ÈñU!Wè ˛ È˛ËWz Æs|WJ!ñUî˛WÙ «œ :vïËu/œ

 ÆÊdëñU|œ WM:OÙœ «œ vJ:OìñUë U~ïW<ËUÙ UO|UOLOë UA:OëËUÙ ˛ vì:uî s:O|UÙW! ËËœñWÙ

W¶:OÙœ 5ï«“ WO"UÙ :vî:u|œu< :ÈbOfië:Ëñb|UÙ :vë…Ë«dOÖ » :vM|dOá<Wz UJ!W4 ¨«œ :vïdJOèU" :vÑœ

 ∫Êdë g:OëËUÙ

‰ U| v|UOLOë UA:OëËUÙ ÊdëñU|œ W¶:OÙœ vì:uLO# :vMOA! ÊU| vMOìUçMìuMOH! :vJOÙU1Ëœ ôU8

:vÑ :ÈËUîœ vMO! :Èœ Ë Êdë W¶:OÙœ «ËWzU|ñuÖ:uìUz Wï«ËËœ UJ:OìñUë :ÈË ˛ :vM|d!ñ…œ :̈Èñ«u8

Æ«œ :vïdJOèU"

O2 Aspirin–Na + H→Aspirin–H + NaOH

® ÊUO|dJJ:OìñUë ËœñWÙ «ñW§ÑUïœ vì:uî «ó:|ñ uë :ÈbMÙ ñW!˛1:1   :v¶H" s:Oì:uî «ñUî˛ :Èœ ¨©)–H

Aspirin( :vÅd" s:Oì:uî «ñUî˛ :u! s! ÊUfiëW|lvaold:vïËu! @ïWfiÑWÙ U| :vJ:OÙU1Ëœ ôU8œ

 s:Oì:uî «ñUî˛ :Èœ «œNaOH ∫s:OÙWÑ X<…œ » :Èñ«u8 ‰ UA:OëËUÙ UM¶fi‹J:|ñ …ñU!ËËœ »

 UO¶:|ñôuîNaOH Ω

 «;d!NaOH(mol)
–––––––––– ––––––

   È…ñU!WèNaOH(L)

 s:OìuîNaOH UO¶:|ñô:uî® ΩNaOH :ÈñU!Wè® ™ ©NaOH Æ©

 ∫s|WJ!ñU|œ :Èñ«u8 ‰ UA:OëËUÙ :vç! ‚…ñ :vM|dOá<Wz :u! :vì:uî U¶<ñU! s:OÅœ

    Ω vì:uî U¶<ñU!

® W¶<ñU!g©

––––––––––––––
® s|dá<Wz È;d!mol ©

 «œ :vJ!W4 ˜Uïœ :vM|dOá<Wz :v¶<ñU!325 mgU|ñUJ|ñUÙ :ÈœœUî vë…Ë „ôUÇ Wï s:OO"UNJ:OÄ ¨…

:vJ!W4 U|ñU|dë U¶<ñU! WïWÑWz ¨«œ :vïdJ:OÇ «ñU|dë :vî…œœ †Wëœ :vM|dOá<Wz UJ!W4 UïUî WçJ:OÄ

 ‰325 mg WMOï ©v8U<® s:|ËU8 UM|dOá<Wz UJ!W4 vJïuÇ ¨†Wëœ d"…b:|“100% Æ

:vïUMO£Nº! s:OïUAOï

ËËœ Ë«dë“UOMA:OÄ v"Uë

 Wï«Ë WÅW!

 vëWA:OÄ

:vOïdOá<Wz UïbïU~ïW<  UïdJOèU"7

Ũïñ«ËñW!‰:uÄ

:vM|dá<Wz «;d!
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Ë ˜UÇ UM¶<«ñUÄ :u! :u8ñW! WJ! ñWÙ Ë ñWÙ :vÙW~OèU" ©p¶OìWî® :v<«dë Ë :vM¶<«ñUÄ s:OJÑUÇñW!

 ÆW" s:OJK3

…ó:O! Ë :uA!¨7ãWëñW! W" s:OJK3 ÊU| W" :v¶<…œ Ë †UÙ ñWÖWz ¨v|UOLOë s:|œœUî ı WëWï X<…œ

Æ:u8 :v|U¶<:uîUî

  Æ«œ v|UOLOë :vë…œœUî ñWÙ UM¶Åñ œ :vî…œ WJ! :u8 :v|U¶<:uîUî È“UÖ

 Æ«œ …œU< :vA:OKÖ UJìW< ˜Uïœ WOï«œ v¶<WJÅ s:OAOÅ «ñU3 ı XO!Uï

•100 mL           ©ÊbïUÄ:uìœ WO"UÙ® Ë«dM:OÄ:u˘œ UÑUz• ÈdëWKÄ U| :vÙW~OèU" UëW|ñ:u!

       «b:OM¶AÅ UëWAOÅ œ100 mL

•50 mL0.100 M NaOH• „WÇËuè vëWì:uîWë250 mL ¨

2  ÆWï«Ë ˛

•40 mL :̧uïUßOz95%•  Æ„Wë:uA:Oì

• ‰:uLO# :vMOÅ :ÈñUO<Uï ÊU| 5ìUßHì:uMOã8-6Ûuìœ•     :vëuA:Oì :Èd~ìWÙ

• U|…œU< UM|dOá<Wz s:OJ!W4•:vë:uA:Oì UM"dÖ«œ :u! †ñuë :vÄ UëWJã:uë

325 mg ¨2p!W4 ËËœ•v|«eïUë :vë…d~ìWÙ

.1ÆWJ!…œUîUz Ë …b:|dÖ :vë:uA:Oì Ë ÈdÖ „:uA:Oì Ë v|«eïUë :Èd~ìWÙ

.2 :ÈË«dOÖ » WJ!;dÄ :vë:uA:Oì0.100 M NaOHñWfiì vìöOÙ :v| :ÈË :v|ËËñ U|d:|˛ X:OÑœ ¨

 ö:OÙ0.00 mL ÆXO!

.3 UM|dá<Wz UJ!W4325 mg vJ|e:Oï Ë «œ v|WJÇËuè :vëWì:uîWë ˜Uïœ Wï«œ È20 mL˜Uz

 ¨ñW< W‹:O! Ë«dM:OÄ:uìœ20 U"WÙ30bïWÇ :u! X:OJÅ :Èœ p!W4 Ë ¨…d~! :vì:u8 UëdÇ

 vJ|e:Oï vÅUÄ ÆXO!œ íÄ Ë X|ó:Oîœ :vÑUz :vî…œœ UëWÇñUÄ20 mL:u! WJ! :v" vì:uïUßOz ˛

Æ:vM|dá<Wz UïbïôW4

.44-3:v! ˛ È…Ë«dOÖ :v~ï…ñ ¨vMO!ñUJ! vMOìUßHì:uMOã ñWÖWz ¨WJ:O" ÈdëñU|œ :vë…ñUO<Uï s:OÄ:uìœ

vì:uLO# :vMOÅ ñWÖWz ¨«œ :vJ:OÙU1Ëœ ôU8œ ÈñU" :v|“UÑUOÄ :u! s|ñ:uÙuÖ W¶:OÙœ v~ï…ñ

vJ:OÙUM|Ëœ ôU8 œ ÈñU" :vMOÅ :u! s|;ñ:uÙuÖ W¶:OÙœ ÈË :v|ñU" :Èñ…“ :v~ï…ñ :Èœ ¨vMO!ñUJ!

Æ«œ

.5 :ÈË«dOÖ »0.100 M NaOH:v¶A8œ Æ:vJ:OÙU1Ëœ ôU8 WOÙWÖœ uë U"WÙ ¨WMO~ïW<

ÆWJ!ñUî:u" :ÈñU|dë :vÑ :u! vÑb:OÄ s:O¶H" :ÈñU!Wè «bïUO|ñUOï«“

.6 UÑU~M:OÄ ˛1 U"WÙ5Æ:vM|dá<Wz ˛ :v|ËËœ UJ!W4 ‰WÖœ WJ!…ñU!ËËœ

.1WM|dÑe! Ë WJ!óèUÄ :vïdJOèU" s:OìWÄ Ë ‰Wë vîWÙ ÆWJ! óèUÄ «œ :vÙW~OèU"œ ÈñUë :vN3

uë †W§|U" :v| Ê«Ë :vïUîUz WM|dÑe! Ë WJ! ”ö8 Ê«Ë«dOÖ Ë UO|UOLOë ˛ :u8 ÆÊ«Ë :vN3

U¶A" ı ¨«œ :v|uÅ X<…œ …ó:|ñWï v|UOLOë s:O|…œœUî ı ÆÈdëñU|œ :u! v|U¶<:uîUî

‘U! Æ:ÈbMÙ :u! †WëWï W¶<«ñUz W" U¶<:uîUî uë U"WÙ ¨«bïUJ|UîñW! UJìW<œ …ó:OÑUÙWï

  Æ:vÙW~OèU" ‰ W" UM¶ãWëñ…œ ÈñW! Ë X:OÙœ p:OÙU1Ëb! ñUë v¶AÄ :uA! :u8 s:O¶<…œ

  ‰WÄ Ë ‰Wë Ë …œœUî

 ÈñUë UJ:|ñ

ÊËu!ñUÖ“ñ Ë ÊdëóèUÄ

 ÊUJ|UîñW! ˛

  v"Wîö<
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 :vM|dá<Wz U¶<ñU!(g) UO¶<W8NaOH(M) :ÈñU!WèNaOH(mL) :ÈñU!WèNaOH(L)

5|ñUOï«“ :v¶A8

.1∫«ñeÙ UM¶fi‹J:|ññWÙ uë †Wëœ :ÈbïWÇ :ÈË :u! :È˛UîUz U|WAOÅ ñWfiì :vïdJO<UM:OÄ U"ñUë

 :vëWJ!W4325 mga:O! v|UÙW! vÑ ÊUî«dÖ :u! …ñuÙ:uÖ » :v¶<ñU! :vÑ ÆW|«b:O" :vM|dá<Wz ˛

 ÆÊU|ñUOï«“ :v¶A8 ñW<

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2∫«ñeÙ UM¶fi‹J:|ñ ø…bïWÇ «œ v|UOLOë UJ:OìñUë :vÑ s:O|dJ:OìñUë ËËœ «ñW§ÑUïœ v :̆uî U|…ó:|ñ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.3∫Ê«ñeÙ UïdJ:OÄñUëU|UÙW! ÊUÑ ¨«d¶Oì :u! …ñuÙuÖ » Ê«d¶KOKî ˛ vî:u|œu< :ÈbOfiëËñb|UÙ s:|ñU!Wè

 ∫«œ v|U$uÖ UJìUî œ :u8 s:O|ñUOï«“ :v¶A8 ñW< W‹:O!

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.4∫Ê«ñeÙ UïdJ:OÄñUëñWÖWz …d:Oîó! «œ :vëWïdJOèU" ñWÙœ vî:u|œ:u< :ÈbOfiëËñb|UÙ s:Oì:uî «ñUî˛

 UO¶<W8 Ë †UÙNaOH0.100 M ÆXO!

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

5.∫«ñeÙ UïdJ:OÄñUë  øÊbïWÇ «œ :vëWïdJOèU" ñWÙœ :vM|dá<Wz s:O :̆uî «ñUî˛ ¨v :̆uî «ó:|ñ ñ:uÖ ‰

.1∫«ñeÙ UïdJ:OÄñUë:vM|dá<Wz U| v :̆uî U¶<ñU! UïdëñUîóÙ :u! WMO!ñUJ! «œ Èñ:u! «ñUO<dÄœ :u8 í<ñW!

 ∫«œ :vëWïdJOèU" ñWÙœ

  ÊdëñUî˛WÙ

  ñUO<dÄ
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.2∫Ê«ñeÙ UM¶fi‹J:|ñ øWOOÇ ÊU¶H" ≠ ‘d" UïbïU~ïW< œ ÈñUO<Uï ˛ Â…ñWî

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````
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• „W|…ñU!Wè bïWÇW¶:OÙœ  Ævë:uA:Oì UïUMOzñUJ! ÊUçOÄ

• W¶:OÙœ «œ :vJ:ON:O< œ vJO¶O<Wz :vÅd" UëWïËu/ÆUïbïU~ïW<

•W¶:OÙœ «œ :vJ:ON:O< œ v¶<Wz vÅd" U| Èñô:uî UO¶<W8ÊdëUîóÙ         Æ

•s:OïËu!«d:OÄ ÆÊbïUÄW< WM:OÙœ :vOÙUïW" Ë :vO"Wîö<

XOM|œ ÂWÙñW! vëWJ:ONO< …ñU|dë ˜Wz ÆÊdëœUîUz W¶:OÙœ vì:uæë UO|U|d¶ëW! UïbïUÅd¶! p:ONO<

 uë12%ÊËËñ :ÈœdJ¶<…œ UJ:ONO< UO¶<W8 :vìW! ¨…“«Ëô :vëWÅd" uë W|«b:O" v¶O<Wz vÅd"

 WïWëœ5% Æ«œ :vïñ«u8œ WO"UÙñUë » U| v|U<Uz UO¶<W8 uë Æ

WO"UÙ UO¶<W8 :vî:u|œ:u< :ÈbOfiëËñb|UÙ :ÈË«dOÖ » :vïUÖñ“U! UJ:ONO< ¨«œ :vïdJOèU" :vÑœ

W¶:OÙœ WÑ vMOìUßHì:uMOã :ÈñUO<Uï » :vJ:OÙU1Ëœ ©ôU8® U¶M:OÄ Ë UïbïU~ïWfiìWÙ W¶:OÙœ 5ï«“

 ÆÊdëñUî˛WÙ W¶:OÙœ :vJ:ONO< :u! :ÈœW< U|…ó:|ñ Ë vïUÖñ“U! UJ:ONO< UO|ñô:uî UO¶<W8 Ë ÆÊdëñU|œ

  ÆW" s:OJK3 Ë ˜UÇ UM¶<ñUÄ :u! :u8ñW! WJ! ñWÙ Ë ñWÙ :vÙW~OèU" :v<«dë Ë :vM¶<«ñUÄ s:OJÑUÇñW!

:v|U¶<:uîUî …ó:O! Ë uA! 7ãWëñW! W" s:OJK3 ÊU| W" :v¶<…œ Ë †UÙ ñWÖWz ¨v|UOLOë s:|œœUî ı WëWï X<…œ

 Æ:u8

 ÆWJ! :u8 :v|U¶<:uîUî È“UÖ ¨U| ;̨ñ v|UOLOë :vë…œœUî ñWÙ

•0 mL61.0 M NaOH• Æ:vM¶AOÅ UëWAOÅ

• :vëWÇËuè :vëWì:uîWë125 mL ®2Æ©Wï«œ• Æ©vï«Ëœ® p:|dÖuA:OOì

• ÈWAOÅ :vë…ñWJO!150 mLÆ• „:uA:Oì2  ÆWï«œ

•1 mL 5ìUßHì:uMOã :ÈË«dOÖ• Æv|«eïUë :vë…d~ìWÙ

•  :ÈË «;d! :vJ:ONO< UëWïËu/Lm 05 UëWïËu/®Lm 05 Æ©:vJ:ON:O< ˛

   :vïËu!«d:OÄ s:OïUAOï

   vëWA:OÄ

    v"Wîö<

    ‰WÄuìWë Ë …œœUî

«œ vïUÖñ“U! UJ:ONO<œ v¶O<Wz :vÅd"  UïdJOèU"8

Ũïñ«ËñW!‰:uÄ
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.1 » WJ!óèUÄ :vë:uA:Oì1.0 M NaOH » WJ!;dÄ vÅUÄ :̈uA!1.0 M NaOHXAÄ Ë ¨

È…Ë«dOÖ U| vJ:Oá¶<…œ Uïbï«u8 v~MÙ v¶AÄ Æ…;dÄ :v| óO" :v| :ÈË :ÈñW< uë W! X<«ñ

 ÆWJ!ñUî:u"

.2® :ÈË «;d! Ë WçOÄ » :vJ:ONO< ˛ „WïËu/15 mL-10 mL:vëWìËuîWë ˜Uïœ XO! ©

 vÅUÄ ¨Wfi:OçM! «œ v|W¶A8œ :vïËu/ :ÈñU!Wè Æ«œ vëWÇËuè4-3:ÈñUO<Uï ˛ ÊUÄ:uìœ

    Æ:ÈñWJ! :vMOìUßHì:uMOã

.3‰WÖœ :vJ:ONO<NaOH:ÈñU!Wè ÆXO!œ dO~:O3 :vìuÖ :v|“UçOÄ :v~ï…ñ uë U"WÙ WMO~ïW< »

 :vOÙU1ËœNaOH   ÆWJ!dî:u" «œ v|W¶A8œ v"UÙñUJ!

.4 :vJ:ONO< s:O| Èœ s:|ñU!Wè Ëœ ‰WÖœ «ñU3 Ëœ WëñU!ËËœ :vïbïU~ïW< «ñU|dë10-15 mL Æ«œ

.1WM|dÑe! Ë WJ!óèUÄ :vÙW~OèU" s:OKÄ  ‰Wë vîWÙ Ë WJ! óèUÄ «œ :vÙW~OèU"œ ÈñUë :vN3

uë Æ«œ †W§|U" s:OïUîUzœ WJ!ñUÖ“ñ Ê«Ë«dOÖ Ë v|UOLOë s:O|…œœUî˛ :u8 ÆÊ«Ë :vN3

ı œ s:|uÅ X<…œ …ó:|ñWï v|UOLOë s:|…œœUî ı ÆÊ«Ë :u! s|dëñU|œ W" :v|U¶<:uîUî

s:O|ULM:|ñ ñ:uÖ ‰ :vM¶! ©vA:OKÖ® «œ ÊUJ|Uî ‘UÄ UJìW< ˜Uïœ Ê«œWï s:|…œœUî

ÈñW! Ë ÈñUë UOOÙU1œ v¶AÄ ¨uA! ‘U! :u8 s:O¶<…œ ËœñWÙ ¨XO!Wï W" :v|U¶<:uîUî

 Æ:vM¶ãWëñ…œ ÈñW! Ë vK:OÙœ tº! :vOÙW~OèU" u"

 Æ…d:Oîó! :vïbïU~ïW< s:|ñU|dë :v<ñWÙ ˛ Èu! «b|WÄ :v¶H" :ÈñU!Wè U|«dJ:O"

.1         Æ…d:Oîó! vïUÖñ“U! UJ:ONO< UO¶:|ñô:uî

.2˛ :vë…d¶Oì U¶<ñU! uë vï«e! ñWÖWz ¨…d:Oîó! «œ ÊUÖñ“U! UJ:ONO< œ v¶O<Wz :vÅd" U|œW< U|…ó:|ñ

 Ω :ÈË1010g   Æ

 ÊdJOèU"

:vJ:ONO< :ÈñU!Wè

(mL)

vJ:ONO< :ÈñU!Wè

NaOH(mL)

 ÊU|ñUOï«“ :v¶A8

1

2

3

   ñUë ÈU~:|ñ

     ÈñUë…ñUî˛

Ë …ËWïœdJëUÄ

 :Ë;ñWÅUÄ Wì ÊËu!ñUÖ“;ñ
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• W¶:OÙœ …œU< :vë…ñWçOÄ Wë:uîñWÖÆÊbïU~ïW<

• W¶:OÙœ :vOîñWÖ öÄ s:|ñWçOÄÊ«b:|dÖ ÆWÑ :vOîñWÖ Uë:ËñWÑUï s:OM|;ñ:uÙuÖ »

• ÊU|«eïUë „WìWÖ :u! Èñ:u3 UOOîñ…WÖÆ†WëœñUî˛WÙ

• ”UOïWï vëW|«eïUë :vÑUM<UïÆ†Wëœ ñU|œ

•©UïbïUÄW<® UïUMO£Nº! Æ:vO"Wîö< Ë :vOÙUïW" s:OïËu!«d:OÄ

ÂñWÖ ÈdëU|œ :vë…œœUî :vî…œ :vOîñWÖ öÄ s:OM|;ñ:uÙuÖ UïUçOÄ » s|WJ!ñU|œ :vOîñWÖ s:OÅœ

 v"dÖñ…Ë UOOîñWÖ Ë ÆX|dÖœñ…Ë :vOOîñWÖ Æs|Wëœquë XO¶<W!œ WÑ «ñUë:uÙ :v< » :v¶AÄ ¨

 :È…œœUî :v¶<ñU! ∫WïWÑWz È˛ËWzmÈñ:u3 UOOîñWÖ Ë ÊUî«dÖ »pc:vOOîñWÖ öÄ UM|ñ:uÙuÖ Æ

t∆W¶:OÙœ WA:OëËUÙ ˜Wz ¨†…œœ ÊU| X|dÖœ ñ…ËUë È…œœUî UOOîñWÖ «;d! UïdëñUî˛Wz :u! Æ

 ∫ÊUMOzñUJ!

t∆*pc*m =q

vÑb:OÄ u" :vOÙ«ñW! :vìW! ÆÊUçOÄ W¶:OÙ :Èœ ÊU|«eïUë „WìWÖ :u! Èñ:u3 UOOîñWÖ ¨«œ :vïdJOèU" :vÑœ

ÈdëñU|œ UÑUz UëW¶<ñU! » ÆÈË UïbïUÖW< Ë ©d"W1ñuìUë® :vOë…ñWçOÄ Wë:uîñWÖ UïdJ¶<Ëñœ

ÈdJîñWÖ :v|«eïUë :vî…œ ÆÈdJ¶<Ëñœ W" :ÈËWz «œ ÈñWçOÄ Wë:uîñWÖ ÈËœ ÆWJ! :vÄ X<…œ

UOOîñWÖ UïUMOzñUJ! » ÆvçOÄ » :vÑUz UOOîñWÖ öÄ UM|ñ:uÙ:uÖ v:OÅœ ¨«œ :vÑUz ˜Uïœ WO‹:Ozœ

 :vÑUz U|ñ:u3(4.184 J/g•ºC):vOOîñWÖ :ÈË «;d! v:OÅœ Èd"W1ñuìUë UïbïU~ïW< :v|d~:O3 Ë

uë :vOOîñWÖ :ÈË «;d! W"Wëœ :vOOîñWÖ «;d! ËWz Ë ÊdÖœñ…Ë WçJ:OÄ d"W1ñuìUë Ë ˜Uz uë Èd:Oîó!

UOOîñWÖ s:OÅœ s!ñU|œ v|«eïUë U¶<ñU! Ë :vOîñWÖ UM|ñ:uÙuÖ Ë †UÙ ñWÖWz †…œœñW! «eïUë

  Æs|WJ!ñU|œ v|«eïUë U| Èñ:u3

vçOÄ WëuîñWÖ
q Ω

«eïUë
q

])O2Ht∆*'C( + )O2Ht∆*O2H,pc*O2Hm= [(
È«eïUëpc*

È«eïUë
t∆*

È«eïUë
m

Ë ˜UÇ UM¶<«ñUÄ u! :u8ñW! WJ! ñWÙ Ë ñWÙ ©p¶OìWî® :vÙW~OèU" :v<«dë Ë :vM¶<ñUÄ s:OJÑUÇñW!

  ÆW" s:OJK3

Æ:u8 :v|U¶<:uîUî …ó:O! Ë uA! 7ãWëñW! W" s:OJK3 ÊU| W" :v¶<…œ Ë †UÙ ñWÖWz ¨v|UOLOë s:|œœUî ı WëWï X<…œ

 ÆWJ! :u8 :v|U¶<:uîUî È“UÖ ¨v|UOLOë :vë…œœUî ñWÙ UM"˛d!

 Æ…b:|dÖ …dã Ë ñuÅ Ë ó:|ñœ s:OJK3 ¨©vM|eïW! U|;ñ:uÖ® UïUMOzñUJ!

  Æ«œ v|U<Uz :vA:OKÖ UJìW< ˜Uïœœ Wï«œWï «ñU3 ı v¶<WJÅ s:OAOÅ

  ÆÈWëWï ñ«bM|d! Èœ :vëW<Wë Wï Ë :u8 Wï«œ :ÈbMÙ :u! WMO!ñUJ! Èñ«œWÖUz » ¨…óO" :vë…dOîUz ∫”WIî

   :vïUMO£N! s:OïUAOï

   vëWA:OÄ

    v"Wîö<

ÊU|«eïUë U| Èñ:u3 UOOîñWÖ UïUçOÄ  UïdJOèU"9

Ũïñ«ËñW!‰:uÄ
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    ‰WÄ Ë ‰Wë Ë …œœUî

    Êdë…œUîUz

• Èdëñ«œWKÄ UëW|ñ:u!100 mL       È•        ©5Kã® vëËuãWë :vJO¶<öÄ :vëWÄuë

• :v|WAOÅ :ÈñWJO!400 mL …ñUî˛®2 …ñUî˛® Èd"W1uìUÖ :u! ©2       Æ©

•     È“«ñW"• UÄ:uë UM¶fi‹J:|ñ :vë…dOîUz ÊU| ”WèWî

•         ©ÈñWJO! UM"dÖ p<UÖ® UJ<WÖ•      Á…;dãñW! U| ÊdJOèU" UëWO|ñ:u!

• :vMOìWë s:|ñW!(boiling chips)•         :vïdJOèU" UO|ñ:u! :Èd~ìWÙ

•   ‚Uî ‚WÇ :̈È“UÖ s:O|ñ:u! ¨s|eïW! :È;dÖ•        ©d"Wî :uîñWÖ® íOÄ vîñWÖ

     v|U!…ñUë :ÈñW¶OÙ•         «eïUë UM"dÖ ©p<UÖ® UJ<WÖ

•          ÈWAOÅ :v| :vï«bJ:O" :vëWJ<ô•       ”UOï Wï :vëW|«eïUë ˛ „WïËu/

•      ÊU|«eïUë s:|WïËu/ bïWÇ•         ÆvÅUë bïWÑUï UO|«eïUë Uë…ñ:u"

•        „Wï“U! Ë ÈWï“U! :vë…d~ìWÙ•  Æ:vï«œWçJ:O" :u! v|«eïUë UëWK:O"

.1…œ :ÈdÖ †…œœ UAOï«œ UïdJOèU" s:OJOMëW" œ ñU|œ vë…Ë vMO!ñUJ! X:OÑœ W" :Èd"W1ñuìUë

 :ÈñWÄñW! å:vOîñWÖ :Èñ…u:OÄò62   Æ

 :vJ:Oá¶<…œ UOOîñWÖ öÄ

 :vJ:OÙU1Ëœ UOOîñWÖ öÄ

 :vOîñWÖ öÄ UM|ñ:uÙuÖ

 …ñU!Wè

 W¶<ñU!

 Èd"W1ñuìUë :u! :vOîñWÖ UOï«Ë«dã

ñU< UÑUzÂñWÖ UÑUzd"W1ñuìUÖ

ÊbïU~ïW< ≠ ÊUO|ñUOï«“ :v¶A8

©√® :Èu:OÅ ©»® :Èu:OÅU"WÙ ÊUO|«eïUë UÇñUÄ UïdJîñWÖ

ÊU| s|eïW! U|dÖ UïUMOzñUJ! :vÑUz UMOìWë öÄ

 Æv|U!…ñUë :ÈñW¶OÙ
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   ÈñUë UJ:|ñ

˛ ÊËu!ñUÖ“ñ Ë óèUÄ

 ÊUJ|UîñW!

.1 :ÈñWÄñW! s:OÙW~OèU" s:OJOMëW" :ÈñUë UJ:|ñœ ñU|œ vë…Ë WMO~ïWfi! Èd"W1ñuìUë62ÆÈWÙ «œ

 Æ«bïU|ñUëd:Oî˛ vîWÙœ WMO!ñUJ! Èd"W1ñuìUë :Èd~:O3

.275.0 mL:ÈñËË˛ UOOîñWÖ öÄ ˜Uz uë U" WK:ON! ÆÈd"W1ñuìUë WJ! Ë WçOá! :vÑUz

WJ!ñUî:u" «œ Èñ:u3 UOOîñWÖ s:O|ñUOï«“ :vëW¶A8œ :vÑUz UOOîñWÖ öÄ Ë :v¶<ñU! ÆX|d~!ñ…Ë

    ÆWJ!ñUî:u" «œ :vïdJOèU" :vÑœ vMO!ñUJ! X:OÑœ W" v|«eïUë ÈË UîUM<Uï U<…Ë ñWÙ

.3 :ÈñWJO!400 mLs:OëWÇñUÄ bïWÇ Æ˜Uï W‹:O! :vMOìWë s:Oë…ñW! bïWÇ Æ:vÑUz ˛ WJ!;dÄ È

˛ 5ï«“ WO"UÙ :v¶<ñU! Uë…;d! Æ«œ Á…dã UëW|…ñ:u! ˜Uïœ Wï«œ ÈWJ! vèU" :È˛ ÂñWî :v|«eïUë

UïUï«œ :vî…œœ ÈËu! ˜Uz s! :v|«eïUë vîWÙ uë W! X<«ñ XAÄ :v| :vìW! ¨WMO!ñUJ! È«eïUë

 Æ«œ ÊU|ñUOï«“ :v| :u8 :v¶A8œ WJ!ñUî:u" v|«eïUë U¶<ñU! Æ«œ vÑUz :ÈñWJO! ˜Uïœ :Èñ:u!

.4ÈñWJO! Æ«œ ©»® :Èu:OÅ œ ñU|œ vë…Ë ÆWJ! dO~:O3 Wç|Wï“U! :Èd~ìWÙ » :vïdJOèU" U|ñ:u!

s!œ ˜Uz s! v|«eïUë s:OÇñUÄ uë U"WÙ WJ! Âeï :vïdJOèU" U|ñ:u! «œ v|«eïUë «ñ:u" ˜Uïœ Wï«œ

 :ÈËUî :u! XOìWJ! ˜Uz WK:ON! ÆXOìWëœ uë U"WÙ WJ! ÂñWÖ :vÑUz10v:OÅœ u" Wëuï ÆUëWì:u8

:v¶A8œ :vOîñWÖ öÄ :vÑ Æ:vÑUz UMOìWë öÄ » WïUfiëW| v|«eïUë UOOîñWÖ öÄ uë vï«œ U<…Ë

 ÆWJ!ñUî:u" «œ ÊU|ñUOï«“

.5Uë…;d! ı uë v:O! ÆÈd"W1ñuìUÖ :u! …e:OÙ:uÖWÑ v|«eïUë Ë …d~! Wç:|dÖ Èñ:u! » :vïdJOèU" U|ñ:u!

ÆX|˛u< Wï ÂñWÖ :v|«eïUë ÊU| ÂñWÖ UÑUz » W" :v¶fiOÄ W! ñUOAÙ :v| Æ:Èñ…œ W¶OÑWëñ…œ :vÑUz

 :ÈËUî :u! Èb:OÙ Èb:OÙ vK:ON! Ë …d~! Èd"W1ñuìUÖ :ÈñW<30:vÑUz UOMO§:O" Ë WMOçK! ÊUëdÇ

 ÆWJ!ñUî:u" :v¶OÙWÖœ ˜Uz uë «œ :vOOîñWÖ öÄ s|d"bMK! :vî…œ ÈËœ ÆWJ!

.6 ÈñUë UJ:|ñ s:OÑU~M:OÄ5-2 Æ”UOï Wï :v|«eïUë È˛ Ê«Ë ˛ Ë WJ! …ñU!ËËœ Èœ :v|«eïUë ‰WÖœ

.1s:ON3œ …ó:|d! ÈËu!ñU< UÑUz ÆXO§! ñU< ÂñWÖ UÑUz WK:ON! Ë WM|dîWÑ :vOîñWÖ s:|ñ…b:|˛

pAÙ «œ :ÈbMÙ :u!  :È“WäUë s:OJKL¶<…œ ñW< Wï«œ È«eïUë s:|WïËu/ Æ«œ :vM"ó:|ñ ˜Uz

:u?! W?" :v?|U?¶<:u?îU?î s:|ËW?z «œu?3 s:O?ïU?îU??z ˜U??ïœ W??ï«œ ÈËu??! pAÙ s:|«e??ïU??ë Æ6!

ÈñW! ÂUîW" vë…u:OA! v"dÖ U| :È“UÖ öHè W" uë W! X<«ñ XAÄ :v| Æ†WëœñU|œ

ÈñUë :vN3 ‰WÖœ WJ! óèUÄ Ë uA! ÊôWÄuìWë vîWÙ Æ:vÙW~OèU" ˛ :vM¶ãWëñ…œ

ñUë v¶AÄ uA! ‘U! :u8 s:O¶<…œ ¨Ê«Ë s:ON3 WM|dÑe! ÊôWÄ Ë ‰Wë Ë ¨«œ :vÙW~OèU"œ

  Æ:vÙW~OèU" ˛ W" UïËuÇñ…œ ÈñW! Ë X:OÙœ vÙU1Ëb!

vî:uOMîWìWz :u! Èñ:u3 UOOîñWÖ UïdJOèU"

:vJ:Oá¶<…œ UOOîñWÖ

:vJ:OÙU1Ëœ UOOîñWÖ

:vOîñWÖ UM|ñ:uÙuÖ

 W¶<ñU!

 «eïUë H2O

vM<Uz :u! Èñ:u3 UOOîñWÖ UïdJOèU"

:vJ:Oá¶<…œ UOOîñWÖ

:vJ:OÙU1Ëœ UOOîñWÖ

:vOîñWÖ UM|ñ:uÙuÖ

 W¶<ñU!

 «eïUë H2O
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   ÊdëWÑ«ñ Ë WÑ:ËdÅ

.1∫Ê«ñeÙ UM¶fi‹J:|ñ«ËWz :vOîñWÖ «“Ë ËWz W|dë :ÈbMÙ :u! …˛UîUz uë WJ! ˜Uï v¶fiï«“ U|U<U| :ÈË

 ÆÊdÖœñ…Ë d"W1ñuìUÖ Ë ˜Uz UOOîñWÖ «“Ë » WïUfiëW| XO!œ œñU< :vî…œ †…œœ «eïUë

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2∫ÊU|ñUOï«“ UM¶fi‹J:|ñUïbïU~ïW< UÑU~M:OÄœ UÑUz :ÈË :v¶<ñU! ¨:vÑUz U|;dÇ s:|UÙW! UïUMOzñUë »

«œ :vïbïU~ïW< s:O|ñUOï«“ :v¶A8œ :u8 s:OîU$Wz ¨Ë …d:Oîó! ÊUMOzñUJ! WO"UÙ «œ Èd"W1ñuìUÖ

 ÆWJ!ñUî:u"

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.3∫ÊU|ñUOï«“ UM¶fi‹J:|ñÊ«Ë UïdëñUî˛WÙ » WMO! pOÙU1Ëœ :vïbïU~ïW< s:O|ñUOï«“ :v¶A8 Uïdë;dÄ

 :vÑUz U| Èñ:u3 UOOîñWÖ :v|UÙW! UïUMOzñUJ! Ë s|«b|ËËñ «œ :vOîñWÖ öÄœ s:OM|ñ:uNÖ4.184

J/g•ºCUïbïU~ïW< UJAÄ œ ©ÊËË® W|«œ X<…œ ˛ ÂñWÖ UÑUz uë WJ! ñU|œ :vOîñWÖ :ÈË «;d! ¨

  ø…bïWÇ v"dÖñ…Ë ñU< UÑUz UOOîñWÖ :ÈË «;d! Æ«œ :vïdJOèU" :vÑœ «œ Èd"W1ñuìUë

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.4∫ÊUM¶ãWëñ…œ ñWfiì s:O|WÑ:ËdÖ…ñUî˛ UïdJÑ«ñ Ë :vïdëWÑ:ËdÅ UÖd!œ W" s:Oç<ñW! » 7<W! XAÄ »

3   ÆWJ!ñU|œ v"dÖñ…Ë Èd"W1ñuìUë UOOîñWÖ :ÈË «;d! ¨«œ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.5∫ÊU|ñUOï«“ UM¶fi‹?J:|ñ ¨Èd?"W1ñu?ìU?ë :Èd?~:O?3C'œ ÈdëñU|œ UO|bïu?|W?Ä U?ïU?M?O?zñU?J?! ¨…d:O?îó?!

 :ÈñWÄñW! s:OÙW~OèU?" s:O?J?O?M?ëW?"62«œ :v?ïb?ïU?~?ïW< s:O?|ñU?O?ï«“ :v?¶A8œ :u?8 U??ç<ñW??! Æ«œ

      ÆWJ!ñUî:u"
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    v¶AÖ s:O¶ãWëñ…œ

.6∫ÊU|bï…u|WÄ ñWfiì s:OÑ:ËdÖ :vO|bï…u|WÄ :vÑ UïUMOzñUJ! »)t∆*pc*m =q(UO|bï…u|WÄ :ÈË ¨

 «eïUë U| Èñ:u3 UOOîñWÖ ˛ :vM|d!ñ…œ uë W‹:O!ñ…œ :È˛ ÈñUëdO!pc   ø†WJ!

.1∫ÊUO¶ãWëñ…œ ñWfiì s:OÑËdÖË ¨WJ!;dÄ vîUîW¶! :vëW|«eïUë ñWÙ :u! Èñ:u3 UOOîñWÖ s:O|ñUOï«“ :v¶A8

 …ñUî˛ U| ©ÊdëWÑ«ñ Ë ÊdëWÑ:ËdÅò UÖ;d!œ ÈWÙ U|bï…u|WÄ6UOOîñWÖ UïdëñUî˛WÙ :u! WMO!ñUJ! «œ

 ÆÊdJOèU" WO"UÙ uë :vëW|«eïUë ñWÙ U| Èñ:u3

.2∫ÊUO¶ãWëñ…œ :u! ÊdJ¶<«ñ:v¶A8œ s|«œ s:|UÙW! » ”UOïWï :v|«eïUë U| Èñ:u3 UOOîñWÖ s:|UÙW!

1-5Wï :vëW|«eïUë vï«œ U<…Ë u" «eïUë óOë Æ©WëñW§ÑWÙ® WJ!œñË«ñW! «œ v!U"uè Uëu"ñWÄ ˛ «œ

 øW<UOï

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````
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   :vïUMO£Nº! s:OïUAOï

   vëWA:OÄ

    v"Wîö<

f:OÙ U|U<U| Ë :vOOîñWÖ UïUçOÄ  UïdJOèU"10

• W¶:OÙœ vÅU! » d"W1ñuìUë ÆÊUMOzñUJ!

• WÑ :vOOîñWÖ Uë:ËñWÑUï UM|ñ:uÙuÖ » «œ :vOîñWÖ öÄœ s|ñ:uÙuÖÆ†…œœ :ÈdÖ

•UM|ñ:uÙuÖ Æ†WëœñU|œ ÊUJ:OìñUë ˛ „…ñUî˛ :u! :vOOîñWÖ Uë:ËñWÑUï

• :vïdJîuë «ñU|dë s:OîU$Wz XO!b:OÇ :̈vOîñWÖ s:Oë:ËñWÑUï s:OM|ñuÙuÖ uë XOMO*W<œÆs|

• WM:OÙœ :vOÙUïW" Ë :vO"Wîö< s:OïËu!«d:OÄÆÊUMOz tº!

 :vJ:OìñUë UOOîñWÖ Uë:ËñWÑUï UM|ñ:uÙuÖ uë W|WÑWz f:OÙ U|U<U| :vè…œH∆ËWz …dO~:O3 Uë…;d!

„…d"W1ñuìUë «œ :vïdJOèU" :vÑœ ¨†…b§|Ëñ ÊUÑU~M:OÄ bïWÇ » ÊU| ˜U~M:OÄ p:Oz » p:OìñUë

s:OîU$Wz ˛ ÊËu! X<«ñ XAÄ :u! uz ÆÊUJ:OìñUë :v< ˛ v¶ãWëñ…œ «“Ë UïUçOÄ :u! ÊUMOzñUJ! W¶:OÙœ

 Æs|…b:|dÖ WÑ :vïdJOèU" s:O|ñUOï«“ » :Èœ :vM¶<W! XAÄ fOÙ U|U<U| s:O¶<Ëñœ

  Æ:u8 s:OJK3 Ë ˜UÇ UM¶<ñUÄ :u! :u8ñW! WJ! ñWÙ Ë ñWÙ :vÙW~OèU" :v<«dë Ë 7<«ñUÄ s:OJÑUÇñW!

…ó:O!Æ vJ:OOÙU1Ëœ Ë uA! 7ãWëñW! W" s:OJK3 ÊU| W" :v¶<…œ ñWÖWz Æv|UOLOë s:|œœUî ı WëWï X<…œ

  Æ:u8 :v|U¶<:uîUî

•4 g WJï…œNaOH•         Æ„“WÖ

•50 mL :ÈË«dOÖ ˛1.0 M HCl•         Æ:vï«œWçJ:O" :u! ÈWAOÅ :vëWìËu"

•50 mL :ÈË«dOÖ ˛1.0 M NaOH•         Æ„ñ:uÖ X<…œ

•100 mL :ÈË«dOÖ ˛0.50 M HCl•:vJO¶< öÄ :vëWïUîUz ÊU| d"W1ñuìUÖ

        ÈË :väUÄWè ‰WÖœ Èñ:Ëœ WÄ W"

•UOÙ…dH! Èdëñ«œWKÄ UëW|ñ:u!100 mL•       ÆpâÑWë

•           È“«ñW"•     ©d"Wî:uîñW"® íOÄ vîñWÖ

•      ©ÊbïUÄ:uìœ WO"UÙ® ÈdJM:OÄuìœ UÑUz•     :Èd:Oîóî…œ UëWAOÅ

.1UOOîñWÖ öÄ Ë vKÅ :vO¶AÖ :ÈñU!Wè UïdëñUî:u" :u! WMO!ñUJ! :Èñ«u8 ‰ s:O|ñUOï«“ :v¶A8 vÑ

UAOÅ U¶<ñU! UïdëñUî:u" Ë ÆÊdJOèU" WM:OÙœ s:|ËWz s:OJ:OìñUë :v< ñWÙ :u! :vOÙUîËœ Ë :vJ:Oá¶<…œ

 s:OJïœ ‰WÖœ :Èd:Oîóî…œ UAOÅ U¶<ñU! Ë ¨ôUÑ U| :vî…œ :Èd:Oîóî…œNaOH  Æ:È

   Êdë…œUîUz

    ‰WÄ Ë ‰Wë Ë …œœUî

Ũïñ«ËñW!‰:uÄ
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 vKÅ :ÈñU!Wè(mL)

 vJ:Oá¶<…œ UOOîñWÖ öÄ(ºC)

 bMK! UOOîñWÖ öÄ(ºC)

 ôUÑ U|d:Oîóî…œ UAOÅ U¶<ñU!(g)

 Èd:Oîóî…œ UAOÅ U¶<ñU! +(g) NaOH

  UJ:OìñUë1  UJ:OìñUë2  UJ:OìñUë3

ÊUO|ñUOï«“ :v¶A8

   ÈñUë UJ:|ñ

.2:v?Ä:u?ë :v?M?! ˜U?ïœ W??‹:O??! ÈñU??OAN??! Èd??"W??îu??îñW??"

:väU!Wè W¶O§! «œ Èdë È˛UÑËñW! :v| ©vMKOã® :vJO¶<öÄ

d"Wî uîñW" Wï«e! Æ«œ©√® :Èu:OÅœ vë…Ë ÆÈd"W1ñuìUë

:vî…œ W!ñUOAÙ :v| :ÈbMÙ ñW!˛ ¨X:OJÅœ vÙUïUfi!

 ÆÈ…Ë«dOÖ Uï«œWçJ:O" :u! WM|WïñUJ! ¨Ë«œ ÈË UïUï«œ

 UJ:OìñUë1UïbïôW4 ∫NaOH

.1100 mLWJ! ©ÊbïUÄuìœ WO"UÙ® v|«dM:OÄuìœ ˜Uz

 vJ|e:Oï :vÑUz UOOîñWÖ öÄ ¨Èd"W1ñuìUë0.1ºCË WJ!

 ÆWëñUî:u"

.2:ÈË g:Oë Ë WA:OJ! pAÙ Ë „UÄ U| Èd:Oîóî…œ UAOÅ

 U"WÙ0.01 gWJ! Uëñ:uÖ X<…œ WJ!ñUî:u" Ë WJ! „e:Oï

 UïUï«œ :u! WMO!ñUJ! :vJ<Wë :u8 :v¶<…œ2g s:OJïœ ˛NaOHvë…Ë Èd:Oîóî…œ UAOÅ ñWfiì

  s:OJïœ Ë Èd:Oîóî…œ UAOÅ U¶<ñU! Æ…ñU|œ «œ ©»® :Èu:OÅœNaOHÊ«Ë UA:Oë Ë WçOÄ »

 :u! WJ! p|e:Oï0.10 g vJïuÇ ¨ÊdëW¶:ON! “WK! WÑU~M:OÄ ˜Wz WOÑb:OÄ ÆWJ!ñUî:u" ËNaOH

 ÆÊó:Oîœ v|«ËWÙ ˛ :vNÅ

.3 s:OJïœNaOH…œWçJ:O" È…Ë«dOÖ Èb:OÙ Èb:OÙ Ë ¨«œ Èd"Wîñ:uìUë :vÄ:uë ˜Uïœ WM!«œ “WK!

Wï«œ Èd"W1ñuKë :väU!Wè Æ:vï«œWçJ:O" :u! WM|WïñUJ! Èd"Wî:uîñW" ÆÈWAOÅ :vìËu" UïUMOzñUJ!

:v¶A8œ :vOOîñWÖ öÄ s|d"bMK! ÆWJ! Èd"Wî :uîñW" U|d:|bÑUÇ Ë Èd"W1ñuìUë :vÄ:uë ñW<

 ÆWJ!ñUîu" «œ ÊUO|ñUOï«“

.4Ë ‰Wë Ë dOîUz vîWÙ UïdëóèUÄ ˛ W! X<«ñ XAÄ

ÈñW?! Êb?ïU?Ä:u?ìœ W?O?"U?Ù U??ÑU??z » uA! Ë ¨ÊôW??Ä

 ÆÈWJ! ÈñUJ! X<…œ

 UJ:OìñUë2 ∫NaOH hHCl «œ ÈË«dOÖ œ

.50 mL5˛1.0 M HCl¨«œ Èd"W1ñuìUë WJ!

  :ÈË«d?O?Ö U??O??O??îñW??Ö ö??ÄHClWJ?!ñU?î:u?" È

 :u! ÊdJ|e:Oï0.1 ºC  Æ

©√® :Èu:OÅ

©»® :Èu:OÅ
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.650 mL1.0 M NaOH:uîñW" :vÑU~M:OÄ :vÑ :u! :vM¶! ¨«œ ÈdëWKÄ U| :vïdJOèU" UëWO|ñ:u!œ WJ!

 :ÈË«dOÖ UOOîñWÖ öÄ vÅUÄ Ë uA! Èd"WîNaOHË ¨WçOÄ » «œ ÈdëWKÄ UO|ñ:u! ˜Uïœ :È

 :u! ÊdJ|e:OM!0.1ºC ÆWÑ Èd"W0 ñ:uìUë :u! WM|dÑe! Èd"Wî:uîñW" vÅUÄ Ë WJ!ñUî:u"

.7 :ÈË«dOÖNaOHÈd"W1ñuìUë :väU!Wè ¨…œWçJ:O" Èb:OÙ Èb:OÙ Ë Èd"W1ñuìUë vÄ:uë WJOìU8

  ÆWJ!ñUî:u" bMK! UOOîñWÖ öÄ Ë ¨WJ! Èd"Wî:uîñW" U|d:|bÑUÇ Ë ñW< Wï«œ

.8uë ÈñW! WJ!óèUÄ ôWÄ Ë ‰Wë vîWÙ ÆW" W"…œœ W" :v|U¶<:uîUî uë :v| :vëWïUîUz WJ! È…Ë«dOÖ

  ÆÈWJ! ÈñUJ! X<…œ

 UJ:OìñUë3 ∫NaOH‚…;ñHCl «œ È…Ë«dOÖœ

.9100 mL0.5 M HCl :ÈË«dOÖ UOOîñWÖ öÄ ¨«œ Èd"W1ñuìUë ˜Uïœ WJ!HClË WJ!ñUî:u"

 :u! WJ! p|e:Oï0.1ºC Æ

.10:ÈñWJ! Uëñ:uÖ X<…œ ÆWJ!ñUî:u" :ÈË U¶<ñU! Ë ÆWçOÄ » pAÙ Ë „UÄ U|d:Oîóî…œ UAOÅ U¶<ñU!

 vJ|e:Oï :vJ<W~! Ë2g s:OJïœNaOH UÑU~M:OÄœ vë…Ë WçOá! v¶AÖ U¶<ñU! Ë ¨ñW< WJ!2«œ

 ÆÊdë W¶:ON! “WK! WÑU~M:OÄ ˜Wz W~ïdÖ U| ÆÈdëW"

.11 s:OJïœNaOH:u! WM|ñWÖWÑ väU!Wè Ë …œWçJ:O" vî«ñUz » ¨“WK! «œ Èd"W1ñuìUë ˜Uïœ Wï«œ

:vî…œœ ÆWJ!ñUîu" :vOOîñWÖ öÄ s|d"bMK! vÅUÄ ¨WJ! Èd"Wî:uîñW" U|d:|bÑUÇ Ë Èd"W1ñuìUë

:u! Èdë ˜WÙñW! :u! v|U¶<:uîUî :vïUîUz ˜Uïœ …ó:|d! È…Ë«dOÖ :vJ:OìñUë UM"UÙ pOÙU1Ëœ

 ÆÈdJA:OëËUÙ s:|Ë«dOÖ ˛ Êu!ñUÖ“ñ

.1ÊôWÄ Ë ‰Wë Ë dOîUz Ë WJ! óèUÄ ÊôWÄ Ë ‰Wë vîWÙ Ë :vÙW~OèU" Ë ÈñUë :vN3

†W§|U" s:OïUîUz Ê«Ë œ WJ!ñUÖ“ñ Ê«Ë s:|Ë«dOÖ Ë ÊUO|UOLOë ˛ :u8 ¨Ê«Ë :vN3 WM|ñWÖWÑ

«œ s:|uÅ X<…œ ˜Uïœ …ó:|ñWï Ê«œœUî ı Æ†Wëœ ÊUAOï X<…œ W" :u! U¶<:uîUî uë «œ

‘U! :u8 s:O¶<…œ Æ†WëWï :vÄ :v"…ñUAOz U¶<:uîUî uë U"WÙ «œ UJ|UîñW! s:OïUîUz ˜Uïœ

 ÆvÑWëñ…œ :vÙW~OèU" ˛ uë ÈñW! Ë X:OÙœ vÙU1Ëb! ñUë v¶AÄ uA!

.1∫Ê«ñeÙ UM¶fi‹J:|ñWfi:OçM! ÊUMO£Nº! W" s:OJ:OìñUë :v<ñWÙ ˛ pz ñWÙ :u! @ïW<ËUÙ UA:OëËUÙ

  Æ©ÊdëñU|œ W¶:ON! «œ ‰WÖœ «œœUî vîWÙ :v|U|eOã :v8:Ëœ®

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2UÖd! ˛ s:OA:OëËUÙ ËËœñWÙ ÈñU!ñW< ¨Wfi:OçM! v¶AÖ UJ:OìñUë UA:OëËUÙ ∫Ê«ñeÙ UM¶fi‹J:|ñ

 …ñUî˛ò «œ Èñ:u!1 Æå

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

˛ ÊËu!ñUÖ“ñ Ë ÈóèUÄ

    ÊUJ|UîñW!

   ÊdëWÑ«ñ Ë ÊdëWÑ:ËdÅ
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.3∫ÊUO|ñUOï«“ UM¶fi‹J:|;ñ  ∫…d:Oîó! «œ :vëWJ:OìñUë ñWÙ UOOîñWÖ öÄœ :vM|ñ:uÙuÖ «;d!

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.4∫ÊUO|ñUOï«“ UM¶fi‹J:|ñ 5|Uî s:|Ë«dOÖ U|dÇ Ë :vÑUz U|;dÇ Wï«œ U<…Ë1.00 g/mLöÅ :ÈË U¶<ñU!

 ø…d:Oîó! «œ :vëWJ:OìñUë ñWÙœ ÈWÙ

.5∫ÊUîU$Wz UïdëW?Ñ:ËdÅñW?Ù ˛ v?¶?ãW?ëñ…œ U?O?O?îñW?Ö «“Ë Ë ¨W?M?O?!ñU?J?! Èd??"W1ñu??ìU??ë UA:O??ëËU??Ù

 Æ…d:Oîó! :vëWJ:OìñUë

∫vMO§:O" Æ«œ:u8 s:OïdëñUî˛WÙ œ WMO!ñUJ! :vÑUz U| Èñ:u3 UOOîñWÖ

ºC• = 4.184 J/gO2 H,pc

   vîñWÖ =O2 H,pc*t∆*m

6.∫ÊUO|ñUOï«“ UM¶fi‹J:|ñ s:O :̆uî «ñUî˛NaOH Æ…d:Oîó! «œ :vëWJ:|ñUë ñWÙ œ 5"UÙñUJ! :È
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.7∫ÊUîU$Wz UïdëWÑ:uKÅ v|UÙW!H∆® ‡!NaOH ©KJ/molÊUJ:OìñUë :v<ñWÙ ˛ p:Oz ñWÙ :u! :È

 Æ…d:Oîó!

.8∫Ê«ñeÙ UM¶fi‹J:|ñ :ÈbïW! UïdëWÑ:ËdÅ :u! WMO!ñUJ! :u8 Uç<ñW!2:u8 s:OMOï«eOÄ ÆÈË UïdëWÑ«ñ  Ë

s:OM|ñuÙ:uÖ :v<ñWÙ «ËWz ÈñUëdO! U|bï…u|WÄ UïdëWÑ«ñ :u! WMO!ñUJ! f:OÙ U|U<U| :ÈñU!ñ…œ

 Æ†…œœ :ÈdÖ WçJ:OÄ :vOOîñWÖ Uë:ËñWÑUï

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````
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   :vïUMO£N3 s:OïUAOï

   vëWA:OÄ

    v"Wîö<

:vJ:OìñUë UO"«“Wì ñW< ÊWëœñUë s:|ñUë:uÙ ËWz
 UïdJOèU"11

• Wç:O"«“Wì :v|ô ˛ v|UOLOë s:OJ:OìñUëÆ†WëœñË«ñW!

• UOïWç¶AÄ » †Wëœ d|uë vJ:OìñUë UO"«“Wì s:OJîWÇÆ:vïdJOèU" s:OOMO§:O"

•W¶OÙWÖœ  Æ:vJ:OìñUë UO"«“Wì ñWfiì ÊU|dJ:OìñUë U| v¶ÅËd< UïdJ:O"ñUë

•W¶OÙWÖœ Æ:vJ:OìñUë UO"«“Wì ñWfiì ÈñW!ËËñ :v|ËËñ UïdJ:O"ñUë

•W¶OÙWÖœ Æ:vJ:OìñUë UO"«“Wì ñWfiì :vOîñWÖ öÄ UïdJ:O"ñUë

•  Æ:vO"Wîö< Ë :vOÙUïW" s:OïËu!«d:OÄ UïbïUÄW<

UïdJ:O"ñUë uë Êdë W¶:OÙœ vî…œ ÈË :u! :È˛UîUz ‰WÖœ Êdë W¶:OÙœ ÊUïUîñ…œ ˛ „WìWÖ :u! WÅW~ïU!

WÅWÖ Ævî…œ ‰WÖœ «œ vÅWì œ XO! «ñUë :v| :Èœ vïUîñ…œ Uïñ«u8 » Æ†Wëb:OÄ X<…œ ÈË

UJ:|d! ¨s‹:O§J:|ñ :vM|:u8 s:Oë:u3 ˜Uï :u! vïUîñ…œ UïËuÇ U"«“Wì s:OÅœ È“U< ÊUîñ…œ s:|ñWJ:OÄ

:Èœ «œ :vïdJOèU" :vÑœ Æ©«œ :ÈœWÖ® «œ vJÅUzœ vïUîñ…œ UïdJ<ñWÙ UO"«“Wì UM¶fi‹J:|ñ

 Ë v|ËËñ :ÈñW!ËËñ Ë :vOOîñWÖ öÄ «ËUÇ ÈWë :vMOMJAÄpHUJ:OìñUë UO"«“Wì ˛ :vïdJ:O"ñUë

«œ ©:vëW|UOìW4® :vë…ñWM:|u" ‰WÖœ :vO"UÅd" È˛œ U| È:uâìWÙ UëWJ!W4

 Æ†Wëœ

  ÆW" s:OJK3 Ë ˜UÇ UM¶<«ñUÄ :u! :ÈñWJ! ñWÙ Ë ñWÙ :vÙW~OèU" :v<«dë Ë :vM¶<«ñUÄ s:OJÑUÇñW!

 ÆWJ!ñ«bÙWÖUz v|U¶<:uîUî v|UOLOë :vë…œœUî ñWÙ UM"˛ñ :vî…œ

:u8 :v|U¶<:uîUî Ë uA! 7ãWëñW! W" s:OJK3 ÊU| W" s:O¶<…œ ñWÖWz Ë ¨v|UOLOë s:|œœUî ı …œWï X<…œ

  ÆWJ!ñ«bÙWÖUz

• ñUî˛ :̈vO"UÅd" È˛œ ÈËuâìWÙ s:OJ!W424•   p|uâ! :vëWJâÑWë

•0.10 M HCl ,60 mL•    Æ:vï«œWçJ:O" :u! ÈWAOÅ :vëWìËu"

•  ©W"U|Ë“…ñUz n|Ëbì® dãW!•    Æ:vM"dÖ «d:Oî˛ †Uë ÊU| vî…œ UM"dÖ :ÈdOîUz

•  v|U!…ñUë :ÈñW¶OÙ•4    :vïdJOèU" s:O|ñ:u!

• UOÙôUç! ÈWAOÅ :vë…ñWJO!50 mL    È•         :vïdJOèU" s:O|ñ:u! :vO"dÖ Ë d~ìWÙ

• ÈdëWKÄ U| :vïdJOèU" U|ñ:u!25mL•          d"Wî:uîñW" ÊU| íOÄ vîñWÖ

•  ÈË :vOï:u3 Ë ÊËUÙ•     :v|UîWÅ «“WäUë

    ‰WÄ Ë ‰Wë Ë …œœUî

Ũïñ«ËñW!‰:uÄ
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.1» :vïdJOèU" s:O|ñ:u! ñ«uÇ ˛ p:Oz ñWÙ15 mL:vÑUz UOOîñWÖ öÄ ¨WJ!;dÄ :vOãWïW4 «ñU< UÑUz

 ÆWJ!ñUî:u" «œ ÊUO|ñUOï«“ :v¶A8œ

.2WÇñUÄËœ WJ! :È˛ :vëWÇñUÄ Ë WÇñUÄ ËËœ WJ! Ê«Ë ˛ ËËœ ¨Ë Wë…œUîUz ÈËuâìWÙ s:OJ!W4 :v<

 ÆÈœ Uë…ñU3

.3:v¶A8œ :vïdJ:OìñUë :vî…œ Ë …d~! vî…œ Ë ¨«b:OïdJOèU" UëWO|ñ:u! ˜Uïœ WJ! :vJ!W4 UJ:|ñUÇ

 ÆWJ!ñUî:u" «œ ÊUO|ñUOï«“

.4® :vO:O< UÑU~M:OÄ3:v<Ë «œ :vïdJOèU" UëWO|ñ:u!œ :vJ!W4 UçOï UïUMOzñUJ! WJ! …ñU!ËËœ «ñU3 :v< ©

WJOìU8 «Ë«dOÖ Æ«œ :ÈñUÇ UO|ñ:u!œ ÂUîW" UëWJ!W4 Ë ¨Ë «œ Èœ „WO|ñ:u!œ :vJ!W4 s:OÇñU!

Æ«œ s:OÙœ s:OïdJOèU" Uî:uëœ UïUMOzñUJ! :u! WJ! óèUÄ :vïdJOèU" s:O|ñ:u! Ë :vÑUz Uë:u3

.5® s:OÑU~M:OÄ  1u!4 vJ|e:Oï U|® «œ :ÈñËË˛ UOOîñWÖ öÄœ Ë :vOãWïW4 UÑUz ‰WÖœ ©25ºCbïWÇ ©

 ÆWJ! …ñU!ËËœ «ñU3

.6® s:OÑU~M:OÄ  1u!4 ÆWJ! …ñU!ËËœ Ê«ñU3 bïWÇ ÂñWÖ U| :vOHïW4 UÑUz ‰WÖœ ©

.7® s:OÑU~M:OÄ Ë WMO!ñUJ! «b:|ñËË˛ UOOîñWÖ öÄœ ˜Uz ¨:ÈñU3 :vÑ  1u!4…ñU!ËËœ Ê«ñU3 «ñUÇ ©

ñW< WJ! vëd|uÙ Æ:vëWïËu/ ñWÙ Uïdëd|uÙ :u! ÆÈË :vOï:u3 Ë vïËËUÙ UïUMOzñUJ! :vìW! ÆWJ!

UO|ñ:u! ˜Uïœ W|WJ! ÈË“ uë «œ :ÈbMÙ :u! WMO!ñUJ! p|uâ! :vëWJJâÑWë Ë :v|UîWÅ «“WäUë

 Æ«œ :vïdJOèU"

.8® s:OÑU~M:OÄ  1u!4öÄœ :vÑUz Ë …d:ON! :vëWïËu/ ñWÙ :vìW! ¨WJ! …ñU!ËËœ Ê«ñU3 ñ«uÇ ¨©

 Æ…œ WçJ:O" Ë WMO!ñUJ! «œ :vïdJOèU" s:O|ñ:u!œ «œ :ÈñËË˛

.9® s:OÑU~M:OÄ  1u!4ñU< UÑUz Ë …d:ON! :vëWïËu/ ñWÙ :vìW! Ë ¨WJ! …ñU!ËËœ Ê«ñU3 ñ«uÇ ¨©

  Æ…œ WçJ:O" Ë WMO!ñUJ! «œ :vïdJOèU" s:O|ñ:u!œ

.10® s:OÑU~M:OÄ  1u!4s:O|ñ:u!œ ÂñWÖ UÑUz Ë …d:ON! :vëWïËu/ ñWÙ :vìW! ¨Ë WJ! …ñU!ËËœ «ñU3 ñ«uÇ ©

    Æ…œ WçJ:O" Ë WMO!ñUJ! «œ :vïdJOèU"

   ÈñUë UJ:|ñ

 ñU< UÑUz

 «œ :ÈñË˛ UOOîñWÖ öÄœ UÑUz

 ÂñWÖ UÑUz

«œ :ÈñËË˛ UOOîñWÖ öÄœ ̃ Uz ̈ v|«d:OÙ ©p!W4® s:Oëbïœ

¨«œ :ÈñËË˛ U?O?O?îñW?Ö ö?Äœ ˜U?z ¨v?|«d:O??Ù s:O??ëb??ïœ

 v|«œWçJ:O"

 v|«œWçJ:O" ¨ñU< UÑUz ¨v|«d:OÙ s:Oëbïœ

 v|«œWçJ:O" ¨ÂñWÖ UÑUz ¨v|«d:OÙ s:Oëbïœ

 ¨v|«d:OÙ s:Oëbïœ0.1 M HCl v|«œWçJ:O"

UOOîñWÖ öÄ

ÈñWM:|u"
4–

  1
 :vJïœ

2–
1

 :vJïœ4–
 3

 :vJïœ ÂUîW" UJïœ

ÊUO|ñUOï«“ :v¶A8

 †Uë(s)≠WëdÇ≠
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.10® s:OÑU~M:OÄ  1u!4  UïUMOzñUJ! Ë UïËu/ ˛ p:Oz ñWÙ Uï«d:ON! :vìW! ¨WJ! …ñU!ËËœ «ñU3 ñ«uÇ ©0.1

M HCl   Æ:vï«œWçJ:O" ‰WÖœ Ë «œ :vïdJOèU" s:O|ñ:u!œ :vÑUz :vN3 ˛

.1ÊôWÄ Ë ‰Wë Æ:vÙW~OèU" :v| ÈñUë :vN3 ‰WÖœ WJ! óèUÄ ÊôWÄ Ë ‰Wë vîWÙ

uë «bïUïUîUz Ê«Ëœ WJ! ”ö8 Ê«Ë«dOÖ Ë UO|UOLOë ˛ :u8 ¨Ê«Ë :vN3 WM|ñWÖWÑ

œ ÊU| ¨«œ :v|uÅ X<…œœ …ó:|ñWï Ê«œUî ı Æ†Wëœ ÊUAOï X<…œ :u! W" :v|U¶<:uîUî

‘U! :u8 s:O¶<…œ ËËœñWÙ ÆW" W"ËuÖWï W" :v|U¶<:uîUî ñWÖWz Æ«œ ÊUJ|UîñW! UJìW<

 ÆvK:ON! tº! :u8 :vN3 :ÈñW! Ë v!œ ”ö8 u" v¶AÄ uA!

.1∫ÊdëWÑ«ñ Ë ÊdëWÑ:ËdÅ   øËu! Èb:OÙ U| Ê«Ë ˛ óOë Ë øËu! d"“WK! U| vìWJ:O" óOë UJ:OìñUë

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2∫:vïdëWÑ:ËdÅ s:OJ:|;ñ øWOOÇ p:OìñUë UO"«“Wì ñWfiì :vOîñWÖ öÄ UïËu!bMK§! UïdJ:O"ñUë

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.3∫ÊUO¶ãWëñ…œ :u! W¶8uÄp:Oì uë ¨W|«b:O" :v"Uï:u!ñUë :v¶:|ËUz v¶A~! :vïËuâìWÙ s:OJ!W4 s:Oëbïœ

 Ë XOÅ…ËbìWÙ2CO˛ :ÈñUO<dÄ :ÈË s:OM|dë…œUîUz UMO<UM:OÄ U"ñUë :ÈñU!ñ…œ ¨†Wëœ «b|WÄ

UA:OëËUÙ :ÈË ¨«œW" UïËu/œ ©„ôUÇ® «ñUë s:OO"UNJ:OÄ UïdëñU|œ :u! ¨WJ! :u8 :v|U¶<:uîUî

 uë U| Wfi:OçM! vJ:OìñUë2CO ÆXOMOzœ ÂWÙñW!

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.1∫ÊUJ:|ñ UïdëWç¶<«ñ:vïdëñeÙ v:OA! ñWÖWz Æ…ó:O! «œ :vïdJOèU" :vÑœ WìWÙ s:|ñ…b:|˛ ˛ „…bMÙ :vÑUï

W" UOMO§A:OÄ ñWÖWz ¨WJ! :u8 :ÈU¶<:uîUî ˛ ¨Ê«Ë Uïö:OÙWï :u! ÈWJ! Ê«Ë Uïdë«ñ s:OJ|ñ bïWÇ œ

 ÆÆUïdJOèU" ˛ d"ñË“ Uë…ñUî˛ ÊUMO£N3 » W!«ñ Ædë bïW<WÄ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

    ÊdëWÑ«ñ Ë ÊdëWÑ:ËdÅ

˛ ÊËu!ñUÖ“ñ Ë ÈóèUÄ

    ÊUJ|UîñW!

    v¶AÖ s:OO¶ãWëñ…œ
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.2∫ÊUM¶ãWëñ…œ :u! 7A:|ñ«œ:vìuÅ ÆÈWëœñUë «œ È“U< ÊUîñ…œ ©ÂWÙñW!® Uïdë…œUîUz UëWOïUáîuëœ :u"

¨vfi:OçM! :vïËu! ”ñWÙ U¶ãdÖ :vOÑU~ïW" s:OJ!W4 UAOÅ UMO<UOï U"ñUë u" uë X|“U8œ W" ˛ W"

WMOÙW~! uë ÊWJ! «ñU|dë U|ñUëñUÙ uë :v"ñUë :ÈË UMOfiOçï :u! WJ! ñUOMA:OÄ :u8 s:OïËu!«d:OÄ

Æ:vM"UÙ ñ«ËWÙ s|d"“WK!

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````
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» s:OïUAOï

   :vïUMO£N3

   vëWA:OÄ

    v"Wîö<

ñWfiì Èñ…bïUÙ ©UïdJ:O"ñUë® U|ñW~|ñUë

:vJ:OìñUë UO"«“Wì

 UïdJOèU"12

• UM¶ãWJA:OÄ ñWfiì WÑ:ËdÖ „…Ë «œ Ê«Ë«dOÖ :v~ï…ñ œ ÊUM|ñ:uÙuÖ UM|d:OïÆ:vJ:OìñUë

• v~ï…ñ UM|ñ:uÙuÖ UO"«“WìXOçOÄœ ÆWÑ v|UOLOë UJ:OìñUë UO"«“Wì » †…œb:|dÖ Ë

• WM:OÙœ :v| u8 „…bMÙÊUMOzñUJ! ÆÈdëñU|œ U| v|UOLOë UëWJ:OìñUë :u! «œ ÊUOÅœ s:|ñ…bïUÙ „…Ë

•«œ «œu3 s:OïUOÅœ Ê«ñ…bïUÙ UïËu!WÙ » :vJ:OìñUë UO"«“Wì ‰WÖœ ñ…bïUÙ v:O! :vJ:OìñUë UO"«“Wì

 ÆX|d:|ó!œ ‰WÙ ©ñW~|ñUë® d¶Ä :Èñ…bïUÙ Ë Æ†Wëœ ñW§ÑWÙ

•s:OïËu!«d:OÄ :vO"Wîö< Ë :vOÙUïW" ÆXOMOÄW<œ

UO"«“Wì W|«œ ÊUOÅœ Ê«ñU3 „…bMÙ :vìW! ÆÊ…œb|ËËñ vÅ«u:OÙ » v|UOLOë s:OJ:OìñUë ˛ „…bMÙ

ñ…bïUÙ ÆÊ«ñ…bïUÙ UïUMOzñUJ! È˛ ËWz ¨s|WJ§:Oì d"“WK! Èdë ˜UÇñW! vë…u:OA! ÊUJ:OìñUë Ê«Ë

catalyst«œ :vJ:OìñUë ÈË œ :ÈbMÙ v:O! Êñ:uÙuÖœ v|UOLOë UJ:OìñUë UO"«“Wì Wë…œœUî Æ

 Ê«bïUÙ X|ó:O!œ È˛ Èñ…bïUÙ UïdJ:O"ñUë » ÆÊWJ!ñUëcatalysis:Èd~:O3 U"Ë…ñ ¨ñ…bïUÙ Ë Æ

r:Oë W¶:OÙœ ©…“ËW¶î® v"ñUÅWÑ «“Ë :v¶<W!ñW! «œ :ÈËœ uë :vJ:OìñUë «“U§:|ñ ÊU| †Wëœ 5!«œ :È“Ë

XO! «œ :ÈËœ Èñ…bïUÙ UOëôUÇ X:OÅœ Ë Æ«œ ÊUO"UNîWÙñW! Ë Ê«ñWJ:OìñUë «ñW§ÑUïœ Êdë

ÆX:Oç! d¶L:Oë U| :vïdJëôUÇ Uë…“Ë uë ÈdO~:O3 :vN3 ˛ XOMO! p:OÄ ÈdJëôUÇ :vë…“:uìUz

¨ÊWëœ “WK! Ê«Ë s:|ËWz sÑWëUïñ…œ ÊU| dJJ:Oì Ê«Ë s:O| :vJ:OÙU1Ëœ s:OîWÙñW! ˜UMì ñ…bïUÙ

WÑ X<…b! «œ «œd" í|œ UÑU~M:OÄœ Ë ¨«œ :vJ:OìñUë U"Ë…ñ UëWÑU~M:OÄ œ †WJ! :v|ñ«bJAÄ W~ï…ñ

UO"UNîWÙñW! ÊU| ÈdJJ:OìñUë :v|U|eOã :v8:Ëœ ÊUîWÙœ ñ…bïUÙ :vî…œ ÆWÑW¶fi:ON! :vî…œ ÆWÑW¶:ON!

XO! ÊU| dJJ:OìñUë :vOë…ËWï ÈË :v8:Ëœ :vî…œ Æ©„W| „…Ë® „WOï:uÇ :Èñ…bïUÙ :vïó:O!œ 5!«œ

 Æ©„W| „…ËWï® „WOï:uÇWï :Èñ…bïUÙ X|ó:O!œ

:v"«d¶Oï «ñW! ˜Uïœ UJ:OìñUë :ÈËœ WMO!ñUJ! Ê«ñ…bïUÙ vë…Ë :v|:u8 „…bMÙ ¨«œ :vïdJOèU" :vÑœ

® :vM<UzIII Ë ©3)3Fe(NO «œ vî:u|œu< :v"«œdÖ:uÖ :u|Uz Ë3O2S2NavA:OëËUÙ :vÑ ñ:uÖ ‰ «œ

  ∫†…œœ ÈËËñ

)aq(6O4S2) + Naaq(3) +2NaNOaq(2)3 2Fe(NO→)qa(3O2S2) +2Naaq(3)32Fe(NO

  ÆW" s:OJK3 Ë ˜UÇ UM¶<«ñUÄ :u! :u8ñW! WJ! ñWÙ Ë ñWÙ :vÙW~OèU" :v<«dë Ë :vM¶<«ñUÄ s:OJÑUÇñW!

 Æ:u8 :v|U¶<:uîUî …ó:O! Ë ËuA! 7ãWëñW! W" s:OJKÇ ÊU| W" :v¶<…œ ñWÖWz Ë v|UOLOë s:|œœUî ı WëWï X<…œ

 Æ«œ v|UOLOë :vë…œœUî ñWÙ UM"˛ñ :vî…œ WJ! :u8 :v|U¶<:uîUî È“UÖ

         ÆÊ«ñU3 ı «œ v|U<Uz s:OJ|UîñW! UJìW< ˜Uïœ Wï«œWï v¶<WJÅ s:OAOÅ

Ũïñ«ËñW!‰:uÄ
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•O2•5H3O2S20.1 M Na• …ñUî˛ ¨ó:|ñœ p<ô s:OM:OÄ:uìœ4   Æ

•O2•9H3)30.1 M Fe(NO•     pÑ:uë

•O2•5H40.1 M CuSO•     :vï«œWçJ:O" :u! ÈWAOÅ :vëWJ<ô

•O2•7H40.1 M FeSO•      p|Ëuâ! :vëWJâÑWë

• ÈdëWKÄ UëWO|ñ:u!50 mL h100 mL

•   vî…œ UM¶<«ñ Uë…d:Oîóî…œ•       ©Ë«dM:OÄuìœ® ÊbïUÄ:uìœ WO"UÙ ˜Uz

.1® UïUAOïX «œ ÈdëWKÄ UëWO|ñ:u! ñóì Ë ¨WA:OJ! :vë…“WäUë UëWÇñUÄ ñWfiì ©100 mLWï«œ «œ

«œ ÈdëWKÄ UO|ñ:u! U|ñËóì «œ :vï«œ u8 :ÈñW! :vî…œ 7|œ W¶:ON! XO! «œ ÊUOÅœ uë vëW3ñWî »

 Æ«œ :vJ:OìñUë :vìWJ:O" ˜Uïœ Ë :ÈñU8 :u!

.2 :ÈË UOÙ…dã UïdJOèU" UO|ñ:u! UïUMOzñUJ! »50 mL ¨50 mL® :vM<Uz :v"«d¶Oï :ÈË«dOÖ ˛III ©

0.1 M ÆWçOÄ »

.3 :ÈË UOÙ…dã UïdJOèU" UO|ñ:u! UïUMOzñUJ! »100 mL ¨50 mL:v"«œdÖñuÖu|Uz :ÈË«dOÖ ˛

  :vî:u|œu<0.1 M ÆWçOá!

.4® :vM<Uz :v"«d¶Oï :ÈË«dOÖIII» X<…œ Ë «œ vî:u|œ:u< :v"«œdÖ:u|Uz :ÈË«dOÖ ñW< WJ! ©

 Ævî…œ «bïU¶<«ñ «d:Oîóî…œ UïUMOzñUJ! WJ! vî…œ UïdëñUî:u"

 UïUAOï UM¶|œ WMOï «œ ÊUOÅœ uë XO! dO" :Èœ ÈWìWJ:O" :v~ï…ñ «œ :vïdJìWJ:O" :vî…œœ ∫vMO§:O"X«œ

 Æ«œ :vïdJOèU" UO|ñ:u! d:|óì v| Uï

.5U"WÙ :̈Èñ…b! :u8 :ÈñW! :ÈñU8 :v¶<«ñUz » :ÈñU8 :u! ÈñW< ˛ «œ ÈdJ:OìñUë :vìWJ:O" ˜Uïœ

 UïUAOï XO! «œ ÊUOÅœ uëX ÆvMO§! ÈdëñU|œ

 ÆWJ!ñUî:u" «œ ÊUO|ñUOï«“ :v¶A8œ vî…œ Ë ¨Ë WMO¶<…Ë«ñ vî…œ UïbïU¶<…Ë«ñ «d:Oîóî…œ

   ‰WÄ Ë ‰Wë Ë …œœUî

X

˜WÙñW! U| ÈdëWKÄ UëWO|ñ:u!

 UïUAOï ÈdëX:Èñ«u8 ‰

U|ñËóì vMO!œ u" «ËWz

:vïdJOèU" UO|ñ:u!

«œ :vJ:OìñUë :vî…œœ

:vJ:OìñUë :vìWJ:O"

:È“WäUë s:OÇñUÄ

…bïUÙ :v!

 fî v"«œdÖuÖ(II)

M0.1
fî v"«œdÖu?Ö(II)

M0.1

ÊUO|ñUOï«“ :v¶A8

 Â…œ(s)

   ñUë UJ:|ñ

X
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.6vfiî :v"«œdÖuÖ :Èñ…bïUÙ :ÈË«dOÖ UëWÄ:uìœ UïdJ:O" v¶AÄ :vìW! ¨WJ! …ñU!ËËœ :vïdJOèU" :vÑ

®II® :vM<Uz :v"«d¶Oï :ÈË«dOÖ :u! ©III Æ:vïdë ‰WJ:O" ÈñW! ©

.7® :vM<Uz :v"«œdÖuÖ UïUMOzñUJ! :vìW! ¨WJ! …ñU!ËËœ Èñ:u! s:OÑU~M:OÄ vîWÙII ñ…bïUÙ „…Ë ©

.1Ë ‰Wë vîWÙ Ë ¨WJ! óèUÄ «b:OÙW~OèU"œ :u8 ñUë :vN3 Ë ÊôWÄ Ë ‰Wë Ë dOîUz vîWÙ

ÆÊ«Ë :vN3 WM|dÖWÑ ÊôWÄ

ÆWç|U¶<:uîUî :v|ô ˛ Èdë †W§|U" s:OïUîUz ˜Uïœ Ê«Ë UïUï«b! WJ! ”ö8 Ê«Ë«dOÖ Ë UO|UOLOë ˛ :u8

:vÄ :È˛UîUz U¶<:uîUî ñWÖWz Æ«œ ÊUJ|UîñW! UJìW<œ ÊU| «œ v:|uÅ X<…œ œ …ó:|ñWï Ê«œœUî ı

vK:OÙœ tº! :ÈñUë :vN3 ÈñW! Ë X:OÙœ pOÙU1Ëb! ñUë v¶AÄ uA! ‘U! :u8 s:O¶<…œ Æ†WëWï

 Æ©:vÙW~OèU"®

.1∫Ê«ñeÙ Uï«b:|dÖ WçJ:OÄ:vM<Uz :v"«d¶Oï :ÈË«dOÖ Uïdë ‰WJ:O" :vî…œœ®III ¨ ©3)3Fe(NO‰WÖœ

 vî:u|œu< :v"«œdÖu?Ö:u?|U?z :ÈË«d?O?Ö3O2S2Na«ËWz v~ï…ñ U?M?|ñ:u?Ùu?Ö ¨XO?!œ d?O?" ‰W?J:O?"

ÆWJ!WÑ«ñ :vî…œ UM|ñ:u! ‰WÖœ Ê…œb|ËËñ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

1 ∫UM¶ãWëñ…œ U|W¶8uÄ  ø…d¶ÅU! :Èñ…bïUÙ W¶:|ËUz óOë

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2∫ÊU¶ãWëñ…œ U|W¶8:uÄ:vÑ Uïdë ˜U8 :u! WJ! “UOMA:OÄ :vëWJ:|ñ ÆXO‹:Ozœ “WK! :vJ:OìñUë ñ…bïUÙ

 Æ:vJ:OìñUë

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

    ÊdëWÑ«ñ Ë ÊdëWÑ:ËdÅ

˛ ÊËu!ñUÖ“ñ Ë óèUÄ

    ÊUJ|UîñW!

    v¶AÖ s:O¶ãWëñ…œ





 :ÈbïW! UïËuÇ«b:OÄ
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∫†ñuë Uç<ñW! ∫ÈdJ|ñU|œ :u! :vN3 ÈËWz ‰ …b! Ê«ñUO<dÄ ÊUÑWz  Uç<ñW!

.1       ∫Wfi:OçM! :Èñ«u‹ì UOO"d~Mî UA:OëËUÙ :vÑWz :vO~ïWfiÑWÙ :ÈdO~:O3 UM|;d!ñ…œ

2C (aq) + 3D(aq)←→   3A (aq) + B (aq)

.2Æ√ :v|UÙW! :ÈË UM|;d!ñ…œ ö! ¨Wfi:OçM! :Èñ«u8 ‰ s:OA:OëËUÙ ÊUÑWz ˛ p:Oz ñWÙ :vO~ïW<ËUÙ :ÈdO~:O3 UM|;d!ñ…œK«b:O" v|«œ :È

 ∫XO!

®1©)g(2O2N←→)g(4O2N.1 = 0K

®2©)aq(–H) + Oaq(+
4 NH←→)aq(HO4NH–5 10*2 =K

®3©)g( 2HI←→)g(2 + I)g(2H54.0 =K

®4©)g(3 2SO←→)g(2 + O)g(22SO–2 10*1.8 =K

Æ» øW|«b:O" «bOO~ïW<ËUÙ :ÈñU!œ ÊUîWÙñW! «;d! s|d¶ï“Wî ©√® :vIì s:OîW¶fiO< ñ«uÇ Ê«ËWz óOë

ÆÃ øW|«b:O" «bO~ïW<ËUÙ :ÈñU!œ ÊU|dJJ:OìñUë «;d! s|d¶ï“Wî ÂW¶fiO< óOë

Æœ :v|UÙW!K UJ:OìñUë :È)g(4O2 N←→)g(22NO   ø…bïWÇ

 :v"ñWë UïËuÇ«b:OÄ1-7

v|UOLOë UOO~ïW<ËUÙ :v¶ÅËd<

:ÈbïW!7
v|UOLOë UOO~ïW<ËUÙ

˜Uïñ«ËñW!‰:uÄ
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.3Æ√«œ :vOO~ïW<ËUÙ :ÈñU! WMÙWÖœ :vî…œœ ¨©WMOÅUÄ Ë WMOA:OÄ® «œWï«ËWâ:OÄ Ë Wï«ËW¶<«;ñ s:OJ:OìñUë ËËœ UOO"«“Wì «ñW§ÑUïœ Èbï…u|WÄ

 øW| vÇ

Æ» øWJ! n<…Ë ¨X:OÙœ «œ ñWfi! ı «b:OO~ïW<ËUÙ :ÈñU!œ ÊUO"UNîWÙñW! Ë ÊU|dJJ:OìñUë UOO¶<W8

∫WJ!ñU|œ «œ ÈdJïU8ñW" :u! UOOÙüUÑœ :u‹:|ñUë Ë ¨…b! Ê«ñUO<dÄ ÊUÑWz Uç<ñW! ∫„…ñUO<dÄ bïWÇ

.4 ∫«b~ïW<ËUÙ :v|“UÖ :vîW¶fiO< :vÑWzœ)g(2NO←→)g(2) + Og2NO(:ÈñU!œ v¶<W8

 ∫ÊËu!WÑWz «b~ïW<ËUÙ[NO] = 0.80 M ,] = 0.50 M2[O,] = 0.60 M2[NO  :v|UÙW!K

  ø…d:Oîó! :vJ:OìñUë :È

.5 ∫«b~ïW<ËUÙ UJ:OìñUë :vÑWzœ)g(3H2N←→)g(23H) +g(2N:ÈñU!œ :vJ:OìñUë :vìWJ:O"

 ∫Ëu!WÑWz Æ«bO~ïW<ËUÙ24.0 mol N h26.4 mol Hh

30.40 mol NH :v|UÙW!K vïUîUz :ÈñU!Wè vï«e! ñWÖWz Æ…d:Oîó! :È4 L:vOîñWÖ U|WKÄ Ë W‡

1000 K  øW‡

˜Uïñ«ËñW!‰:uÄ

2
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 :v"ñWë UïËuÇ«b:OÄ2-7

:vOO~ïW<ËUÙ Uï«œô

:ÈbïW!7
UOO~ïWfiÑWÙ

v|UOLOë

∫ †ñuë Uç<ñW! ÆÈdëñU|œ :u! :vN3 ‰ …b! Ê«ñUO<dÄ ÊUÑWz Uç<ñW!

.1 ∫†Wëœ ËU! WïUÑWz ˛ p:Oz Uï«œËË;ñ UÑUÖ vîWÙ @ïW<ËUÙ :vëWîW¶fiO< ñWÙ UOOîñWÖ U|WKÄ UïËu!“ñW!

©√® Wï«ËW¶<«;ñ UJ:OìñUë

©»® ©È˛UÑËñW!® Wï«ËWâ:OÄ UJ:OìñUë

©Ã® ñ…bOîñWÖ UJ:OìñUë

©œ® óLOîñWÖ UJ:OìñUë

.2 ∫:Èñ«u‹ì U~ïW<ËUÙ UA:OëËUÙ í|Ëbì)g(2) + 2Hg CO(←→) + 101 kJgOH(3CH

.1 UïËu!ñ:Ë“[CO]

©√®]2[H     †Wëœ ñ:Ë“©Ã®]2[H       s|;ñ:uÙuÖ W¶:OÙUï

©»®]2[H      †Wëœ r:Oë©œ®OH]3[CH   Æ†Wëœ r:Oë

.2         Æ:vOîñWÖ U|WKÄ UïËu!bMK!

©√®   †Wëœ ËU! U|Wï«ËWâ:OÄ UJ:OìñUë©Ã®OH]3[CH         †Wëœ …b:|“

©»® †Wëœ ËU! Wï«ËW¶<«;ñ UJ:OìñUë©œ®[CO]  †Wëœ r:Oë

.3        :vOîñWÖ U|WKÄ UïËu!bMK!

©√® :v|UÙW!K      †Wëœ …b:|“©Ã® :v|UÙW!K    X|;ñ:uÙ:uÖUï

©»® :v|UÙW!K   †Wëœ r:Oë©œ® :v|UÙW!K :u! X|;ñ:uÙuÖœ

K
–– 1

      Æ

.3 ∫:Èñ«u‹ì U~ïW<ËUÙ UA:OëËUÙ í|Ëbì) +g) + CO(g(2 H←→)s) + C(gO(2H‰ s:OÑWz ˛ p:Oz ñWÙ U|ñW~|ñUë UOMO§A:OÄ

  ∫Ê«œËË;ñ :Èñ«u8 ‰ s:OM|;ñ:uÙuÖ ˜Wz ñWÖWz ¨Wç:OO~ïW<ËUÙ Uï«œô :v|ô˛ WJ! :Èñ«u8

Æ√ «“UÖ Uë…;d! UïdJ:O"CO

Æ»       Èñ…bïUÙ UïdJ:O"

ÆÃ      ÆvîW¶fiO< UOOîñWÖ U|WKÄ Uïdîeï

Æœ ÆvïUîUz :ÈñU!Wè UïdJL:OJ! vîW¶fiO< UïU¶<WÄ Uïdë…b:|“

.4∫:Èñ«u‹ì UA:OëËUÙ :vÑWz í|Ëœ ‰ ÆX:|u"œ «b:OÑUzœ :vç|“ :v"UîËdë(aq)+2Ag←→®s ©4CrO2Ag

     ÆWO|ñWfiì UA:OëËUÙ :vO~ïW<ËUÙ :ÈdO~:O3 U¶<Ëñœ UM|;d!ñ…œ :Èñ«u‹ì s:OÑWz óOë

©√®

4CrO2Ag
 ––––––––––––––

]–2
4OrC[ + ]+gA[2

©Ã®

1
––––––––––––

]–2
4OrC[2]+gA[

©»®
]2–

4[CrO2]+gA[
––––––––––––

]4OrC2gA[
©œ®

]4CrO22[Ag
 ––––––––––––

]2–
4[CrO2]+[Ag ]4CrO2[Ag

]2–
4[CrO2]+[Ag ]2–

4] + [CrO+2[Ag

(aq)2–
4 + CrO

˜Uïñ«ËñW!‰:uÄ
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.5ÆWJ!WÑ:Ë;dÅ :u8 Uç<ñW! øs!œñU|œ «bO~ïW<ËUÙ :ÈdO~:O3 UM|;d!ñ…œœ s:|ËU8 s:Oè…;ñ s:|œœUî :ÈñWz

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.6∫Ê«œUAO???ï X:O???Ùœ :vA:O???ëËU???Ù :v???ÑW???z » «b???|“U<WAO???Äœ p|œd???Öu???Ö :vÅd???" U???ïd????ë…œU????îU????z U????O????O????ë…ñW< U????ÑU????~????M:O????Ä

) + 100 kJ/molg(3 2SO←→)g(2) + Og(22SO«;d! s|d¶ï“Wî WOÑb:OÄ ÆXO! ÈUºïuÖ Wç|ñËu!Uz :v|ô ˛ …ñU|dë ˜Wz uë «œ

 ˛ XO! «bïUOÅœ3SO ÆÈ“U<WAOÄ «ñU|dë :vÑWz :u! ÊœñUá<«;ñ WO"UÙ :u" Wï«œ U<uÙ ¨sOMO§îWÙñW! «bî…œ s|d¶"ñuëœ Ë

Æ√ ÆWJ!WÑ:Ë;dÅ :u8 Uç<ñW! øvL¶fi< ñW< WO‹:Oz Âeï ÊU| ¨“ñW! UëWïU¶<WÄ :Èœ :ÈñWz

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ» «;d! s|d"ñ:Ë“ WOÙW~! uë «œ3SO  ø«b:OïdJ:OìñUë :vî…œœ ¨vîeï » ÊU| ¨vK:OÙ :Èœ È“ñW! » :vOîñWÖ U|WKÄ :ÈñWz ¨

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

ÆÃ :v"UÙ«œ :Èœ Èñ…bïUÙ UïdJ:O" :ÈñWz3SO øX|;ñ:uÙuÖ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.7∫Êb??ï«u??8 W??¶:O??Ùœ «b:O??ÙW???~???O???èU???"œ v???ÙU???ïU< » †…œœUAO???ï @ïW<ËU???Ù :v???ëW???îW???¶fiO< Æ:Èñ«u???8 ‰ UA:O???ëËU???Ù ˜W???z

)g(4O2 N←→)g(22NO «“UÖ4O2N «“UÖ :vìW! W~ï…;ñ :v! U|2NO:v~ï…ñ :̈vO~ïW<ËUÙ UOOîñWÖ U|WKÄ UïdJîeï Æ…d:O" :vëWO|«uÙWè

  øXO!œ ËU! WOÅUÄ UJ:OìñUë ÊU|WMOA:OÄ UJ:OìñUë Uï«œËË;ñ :ÈñWz :̈vOîñWÖ U|WKÄ UïdJîeï :vî…œ †Wëœ r:Oë È“UÖ :vìWJ:O" :Èd:O"

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

˜Uïñ«ËñW!‰:uÄ
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 :v"ñWë UïËuÇ«b:OÄ3-7

«bïUO:|u8 Ë XH" Ë vÅd" s:|Ë«dOÖœ v~ïW<ËUÙ

:ÈbïW!7
v|UOLOë UOO~ïW<ËUÙ

∫†ñuë Uç<ñW! Æ…b! :Èñ«u8 ‰ s:|ñUO<dÄ ÊUÑWz Uç<ñW! ¨«b|dJ|ñU|œ :vN3 ‰

.1                  ∫:vï:uL|Wì UÑUz uë W| :ÈbïWÇ :ÈËWz UïUAOï WÑWz ¨†Wëœ ñËu< :È :̨ËñW§ìuÖ :v~ï…;ñ :vï:uL|Wì UÑUz

Æ√                         WÅd"ÆÃ                       WA:OëËUÙ

Æ»                     W¶H"Æœ                WOOìUJìWz

.2                     ∫“«Ëô :vOÅd" :ÈË«dOÖ :u! “«Ëô :vëWÅd" UO:|u8 UïdJ:O"

©√® Ë uOï:u|Uz Wï :vÅd" ©ÈdO"® UOO¶<W8]+O3[H           Æ†Wëœ r:Oë

©»® Ë †Wëœ r:Oë :uOï:u|Uz Wï :vÅd" UOO¶<W8]+O3[H       Æ†Wëœ …b:|“

©Ã® Ë :uOï:u|Uz Wï :vÅd" UOO¶<W8]+O3[H      Æ†Wëœ …b:|“

©œ® Ë †Wëœ …b:|“ uOï:u|Uz Wï :vÅd" UOO¶<W8]+O3[H          Æ†Wëœ r:Oë

.3                    ∫sMOzœ p:OÄ È…Ë«dOÖ vÑWz e:ON! s:O¶H" Ë e:ON! :vÅd" s:OO:|u8

Æ√                         vÅd"ÆÃ                        g:OëËUÙ

Æ»                    XH"Æœ              vA:OëËUÙ ÊU| XH" ÊU| ‘d"

.4                    ∫ÈË :vO:|u8 Ë “«Ëô :vëW¶H" :ÈË«dOÖ …dë „WÅd" ñWÖWz

©√®            ÆXOïu|Uzœ “«Ëô :vÅd" «d"ñ:Ë“ Uë…d! Ë X:OÙœ p:OÄ :vÑUz «d" ñ:Ë“ Uë…;d!

©»®        Æ†Wëœ r:Oë Â:uOï:Ëñb|UÙ :vï:u|Uz UOO¶<W8

©Ã®      ÆX:OÙœ p:OÄ ÈbOfië:Ëñb|UÙ :vï:u|Uz «d"ñ:Ë“ Uë…;d!

©œ®               ÆX:OÙœ p:OÄ uOïu|Uz Wï :È“«Ëô :v¶H" «d"ñ:Ë“ Uë…;d!

.5Æ√‘d"® » :Èñ«u8 ‰ s:OA:OëËUÙ ËËœ ÊUÑWz ˛ p:Oz ñWÙ s:O˘…ËUÙ :v¶H" ≠ ‘d" :v"Ëu31‘d"® ¨©2XH"® ¨ ©1XH"® ¨©2©

 ∫WJ!ñU|œ

®1©)lO(2) + Haq(–
3 HCO←→)aq(+O3) + Haq(2–

3CO

®2©)aq(–
4PO2 + H)aq(– OH←→)lO(2 + H)aq(2–

4HPO

Æ√   øWO:OïbïUÑUz U|WïËuLï «œ ©√® :vIì s:OJ:OìñUë ËËœ ÊUÑWz óOë

Æ» :Èœ ¨«œ ©√® :vIìœ ©® UJ:OìñUëœ WMO§A:OÄ UJ:OìñUë UOO"«“Wì UïËu!…b:|“ :vî…œœpH    ÆÈ…Ë«dOÖ U|

©√®                          XO! bMK!©Ã®                         ÆXOMOî :Èœ «b¶<Uz ÊUîWÙœ

©»®                     XO§îeï©œ®      ÆXO§îeï ÊU| ¨bMK! XO!œ

˜Uïñ«ËñW!‰:uÄ
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.6 UO:|u8 s:OÅœ uë Wfi:OçM! v¶H" Ë ‘d" ÈËWz vÖu:OÅ2)3Ca(NO ÆsMO! p:OÄ

.7ÆXOMOzœ p:OÄ :vÑUz ‰WÖœ “«Ëô :v¶H" UJ:OìñUë :Èñ«u‹ì UJ:OìñUë ˜Wz

)aq(– + OH)aq(+
4 NH←→)lO(2 + H)aq(3NH

 v~ïWfiÑWÙ :ÈdO~:O3 UM|;d!ñ…œK ÆWfiOçM!

 ÆWJ!ñU|œ «œ ÈdëñU|œ :u! UOOÙüUÑ :ÈËWz œ :vM"ñUîóÙ UJ:|ñ Ë …b! :Èñ«u‹ì s:|ñUO<dÄ Uç<ñW! ∫„…ñUO<dÄ bïWÇ

.8 v"d~Mî :vÅd"HX   ∫È;dJ|ñU|œ :Èñ«u‹ì «œ ©√® :vIìœ UA:OëËUÙœ „…Ë ñWÙ †Wëœ :vJ:OìñUë :vÑUz ‰WÖœ

Æ√:vÅd"® ‡! «bOîW¶fi< vÑWzœ ¸…ËUÙ :v¶H" ≠ ‘d" s:O"Ëu31:vÅd"® ¨©2XH"® ¨ ©1XH"® ¨©2 ÆWJ!ñU|œ ©

)aq(+O3) + Haq(– X←→)lO(2) + HaqHX(

Æ» v~ïW<ËUÙ :Èd~:O3 UM|;d!ñ…œaK ÆWfiOçM! vîW¶fiO< vÑWz :È

```````````````````````````````````````````````````ÆÃ WïWÑWz «bO~ïW<ËUÙ :ÈñU!œ v¶<W8 uë dëñU|œ UïdJOèU"

 mol/L5– 10*] = 2.0–] = [X+O3[HË:v|UÙW!aK

 Æ…d:Oîó!

˜Uïñ«ËñW!‰:uÄ

[HX] = 4.0 � 102- mol/L
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 :v"ñWë UïËuÇ«b:OÄ3-7

 …ËWï«u" UOO~ïW<ËUÙ

:ÈbïW!7
UOO~ïWfiÑWÙ

v|UOLOë

∫†ñuë Uç<ñW! Æ…b! Èñ«u‹ì s:|ñUO<dÄ ÊUÑWz Uç<ñW! ¨«b|dJ|ñU|œ  :vN3 œ

.1 Ë vï:u|Uz :vîUºïWz «ñW§ÑUïœ ©:v¶<«;ñ :v|ô® v|U"ËUÙ UO|bï…u|WÄ ‰WÖœ «b:OÄWÇ :v|ôœ :ÈË«dOÖ :Èñ:u3spKÊUÑWz :È

                   ∫WJ! †Ëu3 Ê«Ë«dOÖ

 ˛ …d"W:|“ vï:u|Uz :vîUºïWzspK   ©√®                       …d:O" …Ë«dOÖ

 » WïUfiëW| vï:u|Uz :vîUºïWzspK©»®         …d:O" Uï …Ë«dOÖ

 ˛ …d¶L:Oë vï:u|Uz :vîUºïWzspK©Ã®   …d:O" ñËË˛ …Ë«dOÖ

©œ®             …ñW‹J:|;ñ …Ë«dOÖ

.2 vç|“ :v"Uïu!ñUë UO:|u8 W"3CO2Ag                           ÆÈWÙ U|

Æ√ UO:|u8 UïUÅ…uìWÙ p:Oì UA:OëËUÙ3CO2Ag   ÆWfiOçM!

``````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ»  …ËWïË«u" U| v~ïW<ËUÙ Èd~:O3 UM|;d!ñ…œspK    ÆWfi:OçM!

``````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````ÆÃ :vï:u|Uz UO|œ Uë…;d! ñWÖWz øWMOÅUÄ ÊU|WMOA:OÄ ∫…d" «bOîW¶fiO< vÑWzœ p:OìñUë óOë
+Ag  ÆdJ:O"

 ÆWJ!ñU|œ ÈdJïUAOM¶<…œ :u! UOOÙüUÑœ :vïdëñUîóÙ UJ:|;ñ Ë …b! :Èñ«u‹ì s:|ñUO<dÄ ÊUÑWz Uç<ñW! ∫„…ñUO<dÄ bïWÇ

.32XCl uë W|dëñU|œ UïdJOèU" ¨XOMOzœ p:OÄ d:O" :vë…Ë«dOÖ Ë X:OOìW4 œ «b:OÑUzœ ¨Wè…;ñ :vOï:u|Uz :vëW¶:|ËUz mol/L3– 10*2˛

 :vï:u|Uz
+2X ÆWïWÙ «b|…Ë«dOÖœ

`````````````````````````````````Æ√ UïUÅ…uìWÙ p:Oì UA:OëËUÙ2XClÆWfiOçM! È˛ …ËWï«u" :vîUºïWz :ÈdO~:O3 Ë †WëœñU|œ

`````````````````````````````````

`````````````````````````````````Æ» :v|UÙW!spK È2XCl  ø…d:Oîó!

`````````````````````````````````ÆÃ :v|W¶A8 …ñWÖWÑ3-7 …ñWÄô211 UO¶:O|…ËWï«u" :ÈñWz Æv!U"uè U§:O¶ë :È2XCl  ˛ d"ñ:Ë“2PbClÊUîWÙœ

 ø«b:OOîñWÖ U|WKÄ

˜Uïñ«ËñW!‰:uÄ
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.4 UO¶:O|…ËWï«u"4PO3Ag ,O2 g/100. g H4– 10*2.1      Æ

```````````````````````````````````````````````````Æ√ UïUÅ…uìWÙ p:Oì UA:OëËUÙ4PO3Ag         ÆWfi:OçM!

```````````````````````````````````````````````````Æ»     Æ…d:Oîó! d:O" :ÈË«dOÖ ˜Wz UOOM:|ñüuî

```````````````````````````````````````````````````ÆÃ :v|UÙW!spK         ø…bïWÇ …ËWï«u" vÑWz :È

.5 s:Oï:u|Uz UOO¶<W8 ¨vë…Ë«dOÖ
2+Pb W¶O!œ «b:O" mol/L1– 10*2.0 s:Oï:u|Uz U| Ë

–Cl ∫W¶O!œ mol/L2– 10*1.5

```````````````````````````````````````````````````Æ√ U| :vïUOìW4 :vîUºïWz :ÈdO~:O3 UM|;d!ñ…œ2PbCl      ÆWfi:OçM!

```````````````````````````````````````````````````Æ»        Æs|«œ ÈñW< ‰ s:O|ñUOï«“ UïUMOzñUJ! » …d:Oîó! vï:u|Uz :vîUºïWz

˜Uïñ«ËñW!‰:uÄ
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ñ:u3 WîWÙ UïËuÇ«b:OÄ

:ÈbïW!7
UOO~ïWfiÑWÙ

v|UOLOë

∫†ñuë Uç<ñW! Æ…b! :Èñ«u‹ì s:|ñUO<dÄ ÊUÑWz Uç<ñW! ¨«b|dëñU|œ :vN3 œ

.1 ∫:Èñ«u‹ì :v~ïW<ËUÙ :v| “UÖ :vîW¶fiO< UA:OëËUÙ …d:OM!

 = +33 kJ/molH∆)g(2 2NO←→)g(2) + 2Og(2N

  ∫:vî…œ ©Wï«ËWâ:OÄ ÊU|Wï«ËW¶<«;ñ® XO!œ ËU! p:OìñUë óOë ¨«b:OO~ïW<ËUÙ :ÈñU!œ

```````````````````````````````````````````````````Æ√ „…bMÙ2N   ÆÊd!ô W¶:ON!

```````````````````````````````````````````````````Æ»      ÆÈ…ñ…bïUÙ UïdJ:O"

```````````````````````````````````````````````````ÆÃ      ÆÈ…ñU!Wè UïËu§L:Oë :vîUºïWz ˛ s|WJ! …b:|“ :vîW¶fiO< ñW< UïU¶<WÄ

```````````````````````````````````````````````````Æœ    ÆXO!œ bMK! vîW¶fiO< UOOîñWÖ U|WKÄ

.2  ∫:Èñ«u‹ì UA:OëËUÙ í|Ëbì X:|u" «b:OÑUz œ UOï:uîWz «“UÖ

–5 10* = 1.8K  …“Ë) +aq(–) + OHaq(+
4 NH←→)lO(2) + Hg(3NH

```````````````````````````````````````````````````Æ√   øW¶H" ÊU| WÅd" UOï:uîWz :ÈË«dOÖ :ÈñWz

```````````````````````````````````````````````````Æ» :v|UÙW! í|ËbìK  øXO!œ ËU! WMOÅUÄ UJ:OìñUë ÊU| WMOA:OÄ UJ:OìñUë UOO~ïW<ËUÙ :ÈñWz ¨v|«œ :È

 Æ…b! UAOï ÈdëñU|œ :u! «bïUOOÙôUÑœ :vM"ñUîóÙ UJ:|;ñ Ë …b! Ê«ñUO<dÄ ÊUÑWz Uç<ñW! ∫„…ñUO<dÄ bïWÇ

.3 pOîñ:uã :vÅd"HOOCHv¶<W8 «bOÅd" :ÈË«dOÖ WÑUz Ë «bO~ïW<ËUÙ :ÈñU!œ ÆW|WÙ «œñu< s:O|d:Oî «dÙ…˛œ ¨…“«Ëô :vëWÅd" ¨

 ∫ÊËu! Èñ:u3 vÑWz »∫[HCOOH] = 2.00 MË , M–1 10*] = 4.0– [HCOO Ë, M–4 10*] = 9.0+O3[H

```````````````````````````````````````````````````Æ√ pOîñuã :vÅd" UOï:u|Uz :ÈdO~:O3 UM|;d!ñ…œ)aK(      ÆWfi:OçM!

```````````````````````````````````````````````````Æ» :v|UÙW!aKÆ…d:Oî˛WN! vÅd" vÑWz :È

˜Uïñ«ËñW!‰:uÄ
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.4HF ∫:Èñ«u‹ì UA:OëËUÙ :vÑWz í|Ëœ ‰ †Wëœ :vJ:OìñUë :vÑUz ‰WÖœ

)aq(–) + Faq(+O3 H←→)lO(2) + HaqHF(

 Uïbï«u" :vî…œ0.0300 molHF œ1.00 L Ëu!ñU|œ «bO~ïW<ËUÙ :ÈñU!œ ¨«b:OÑUz U|[HF] W¶O!œ0.0270 M  Æ

Æ√ ‰:uî bïWÇHF       ø:vO~ïWfiÑWÙ :ÈñU! W¶OÙW~! uë «œ XOï:u|Uzœ «b:OÑUz Uë…d¶Oìœ

Æ»]–[F h]+O3[H          øbïWÇ W¶O!œ

ÆÃ :v|UÙW!aK ÈHF         ø…bïWÇ

.5)s(4CaSO :v¶A8 UïUMOzñUJ! » ¨«b:OÑUzœ W|…Ë«u¶L:Oë ñ:Ë“ UëWO:|u8 ¨3-7 …ñWÄô :v|211    Æv!U"uè U§:O¶ë :È

Æ√UïUÅ…u?ìW?N?J:O?ì «ËW?ï«u?" :v?îU?º?ïW?z :Èd?O?~:O?3 U?M?|;d?!ñ…œ U?~?ïW<ËU?Ù UA:O?ëËU?Ù

)s(4CaSO :v|UÙW! ËspK       ÆWfiOçM!

Æ» UO¶:O|Wï…Ë«u")s(4CaSO UOîñWÖ öÄœ25ºC œ Â«dÖ » «œ100.g«b:OÑUz s:O|

 ø…bïWÇ

˜Uïñ«ËñW!‰:uÄ
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∫†ñuë Uç<ñW! Æ…b! :Èñ«u‹ì s:|ñUO<dÄ ÊWÑWz Uç<ñW! ¨ÈdëñU|œ :vN3 ‰

.1         ∫vK!˛ Wï…ËWïœdJ:Oì ≠ ÊUfiëuz s:OJ:OìñUë :Èñ«u‹ì s:OA:OëËUÙ ˜Wz ËuîWÙ

©√®2 Ca(OH)→O2CaO + H

©»®3 2SO→2 + O22SO

©Ã®2 2Hg + O→2HgO

©œ®2 + SnCl3 2FeCl→2 + 2FeCl4SnCl

.2       ∫WJ!ñU|œ ÊUÑ˛ p:Oz ñWÙ UïUfiëuz «ñUî˛

Æ√Mn œ2MnO  «œ

Æ»S œ8S  «œ

ÆÃCl œ2CaCl   «œ

ÆœI œ
–
3IO «œ

ÆÁC œ
–
3HCO«œ

ÆËFe œ3)4(SO2Fe  «œ

Æ“S œ3)4(SO2Fe«œ

.3 :v|UÙW!x                   ∫WJ!ñU|œ :Èñ«u‹ì s:OJ:OìñUë íOï ÊUÑWz ˛ p:Oz ñWÙœ :È

Æ√
2– S→–xe +6+S

Æ»
–e + 22 Br→x2Br

ÆÃ
x Sn→–e + 24+Sn

Æœ               ø†«œ…œ ÊUAOÄ …ËWïœdJ:Oì È…œdë …Ë…ñW< ÈWïUJ:OìñUë …uOï Ë Wì ÂUë

.4 :v|W¶A8œ s:|ËWz vK!˛ ¨WMO! ÊUïËuLï1-8 …;ñWÄô :È223                   ∫:Èñ«u‹ì s:OÑWz ˛ p:Oz ñWÙ :u! ¨sO"UÙ «bO!U"uè U§:O¶ëœ

Æ√ „W¶:|ËUzH UïUfiëuz :ÈñU!œ «b:O"-1  ÆXO! «œ

Æ»     Æ©ÈbOfiëË ñË˛® bOfiëËdOÄ

ÆÃ ÈœdÖuÖ UïUfiëuz «ñUî˛ uë WK|œñWÖ…dã :vëWïu|UzS «b:O"+4=     Æ

Æœ UïUfiëuz «ñUî˛ „W|…œœUîF «b:O"-1         ÆXO!Wï

 :v"ñWë UïËuÇ«b:OÄ1-8

…ËWïdJ:Oì Ë ÊUfiëuz

:ÈbïW!8
Ë ÊUfiëuz s:OJ:OìñUë

 …ËWïœdJ:Oì

˜Uïñ«ËñW!‰:uÄ
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.5:Èñ«u‹ì s:OA:OëËUÙ ÊUÑWz » s:OJ:OìñUë ˛ p:Oz ñWÙ œ †…b!ËËñ ©ÊdJL:Oë® „…ËWïœdJ:Oì ÊU| ¨ÊUfiëuz ñWÙ ñWÖWz WJ!ñU|œ

 ÆWfi:OçM! †…œœËËñ «b:O" ©ÊdJL:Oë® …ËWïœdJ:Oì ≠ ÊUfiëuz s:|ñU! Ê«ËWzœ …ËWïœdJ:Oì Ë ÊUfiëuz UJ:OìñUë íOï Ë ¨s|dë n<…Ë

Æ√)lO(2) + 2Haq(2CaCl→)aq(2HCl +)aq(2Ca(OH)

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ»)gO(2) + 2Hg(2CO→)g(22O +)g(4CH

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

ÆÃ)s) + 3Cu(aq(32AlCl→)aq(23CuCl +)s2Al(

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.6–I  :u! X|;ñ:uÙuÖœ2I :ÈË«dOÖWÑUz :vî…œ ¨4KMnO :ÈË«dOÖ WÑUz WM|WëœKI   Æ

Æ√ UïUfiëuz «ñUî˛I œ2I          ø…bïWÇ «œ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ» UM|ñ:uÙuÖ
–I u!2I         ÆUJ:OìñUë

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

ÆÃ :vî…œ Êdë«bïË WM:OÙœ s:Oï:Ëd¶JìWz «ñUî˛21 mol I ˛
–I      øX:OÙœ p:OÄ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

˜Uïñ«ËñW!‰:uÄ
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∫ †ñuë Uç<ñW! Æ…b! :Èñ«u‹ì s:|ñUO<dÄ ÊUÑWz Uç<ñW! ¨ÈdëñU|œ :vN3 ‰

.1          ∫vK!˛ s|WJ! ©ÊdJL:Oë® …ËWïœdJ:Oì ≠ ÊUfiëuz «ñU|dë UïUMO£Nº! :vî…bì WOÑb:OÄ :Èñ«:u‹ì s:OÑWz ˛ p:Oz ñWÙ

©√®    ÆÊö|œñWÖ UïdJ~ïW<ËUÙ :u! ÊUJì:uë UM¶fi‹J:|ñ

©»®        Æv"dÖñ…Ë Èdë “ñW! s:Oï:Ëd¶JìWz «ñUî˛ UïdJ~ïW<ËUÙ :u! «œUJ:OìñUë íOïœ ÊUJì:uë UM¶fi‹J:|;ñ

©Ã®      ÆÊö|œñWÖ UïdJ~ïW<ËUÙ :u! ÊU|UL:OÙ …d:|˛ UM¶fi‹J:|;ñ

©œ®      ÆÊUA:OëËUÙ íOï ËËœ UMOfiOçï «œu3 »

.2 sO:OÅœ
–
4MnO :u! s|WëWÑ :vì :vì2MnO          Æ

Æ√ UïUfiëuz «ñUî˛Mn       ÆWJ!ñU|œ «bï«ñ:u3 ËËœ ÊUÑWz

Æ» U|WK|œñWÖ uë s:Oï:Ëd¶JìWz «ñUî˛MnX|dÖœñ…Ë «b:OïdëWç:Oì «ñU|dë :vÑWz œ

    ø…bïWÇ

.3                  ÆWfi:OçM! Èœu| :u! Èb|œu| UïUfiëuz U| @ïW<ËUÙ UïUfiëuz UJìñUë íOï ¨Èœ:u| UïUMO£J:OÄ :u! sOMOfiëuz » b|œ:u| s:Oïu|Uz s:OÅœ

.4Ë X:OÙœ p:OÄ «b:OÑUzœ Èñ:uKë «“UÖ UïbïôW4 » Èñ:uKë UÑUz Æ«ñUë „WM:ONJ:OÄ „…Ë «b:O" :ÈñuKë UÑUz ñWJOá< s:|Ë«dOÖ „…bMÙ

® s<Uz s:Oï:u|Uz UïbïUfiëuz UïUOA!II® s<Uz s:Oï:u|Uz :u! ©III® s:Oï:u|Uz :vî…œ ¨Êdë«œu3 W¶:OÙœ ©II:vï:u|Uz ¨ÊbïUfiëuz WM:OÙœ  ©

 ÆX:OÙœ p:OÄ Èb|dKë

Æ√    Æ©ÊdëWç:Oì ≠ ÊdJL:Oë® W|…ËWïœdJ:Oì ÊU| WïUfiëuz WJ!ñU|œ Ë WfiOçM! ÊUJ:OìñUë íOï s:OA:OëËUÙ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ»® :vM<Uzœ ÈñuKë UÑUz «ñW§ÑUïœ ©ÊdëWç:Oì® …ËWïœdJ:Oì Ë ÊUfiëuz UJ:OìñUë :u! @ïW<ËUÙ UOïu|Uz UA:OëËUÙII      ÆWfi:OçM! «œ ©

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

ÆÃ     ÆWç:OÖñU! :v|ô ˛ W~ïW<ËUÙ UëWA:OëËUÙ «œ ©»® UJAÄ œ WA:OëËUÙ uë WJ!ñU|œ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

 :v"ñWë UïËuÇ«b:OÄ2-8

 …ËWïœdJ:Oì ≠ ÊUfiëuz s:OA:OëËUÙ UïdJJïW<ËUÙ

:ÈbïW!8
Ë ÊUfiëuz s:OJ:OìñUë

 …ËWïœdJ:Oì

˜Uïñ«ËñW!‰:uÄ
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.5:vJ:OìñUë s:OA:OëËUÙ vÅUÄ Ë Wfi:OçM! :Èñ«u‹ì s:O| ©ÊdëWç:Oì® …ËWïœdJ:Oì ≠ ÊUfiëuz s:OJ:OìñUë :u! ÊUJ:OìñUë íOï s:OA:OëËUÙ

  ∫WJ! @ïW<ËUÙ

Æ√)lO(2) + Hg(2) + Claq(2MnCl→)aq(HCl +)s(2MnO

Æ»)g(2) + NOlO(2) + Hg(3SO→)aq(3HNO +)sS(

ÆÃ)g(2) + COlO(2) + Haq) + KCl(qa(3CrCl→)aq(HCl +)qa(4CrO2) + Kaq(4O2C2H

˜Uïñ«ËñW!‰:uÄ
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∫†ñuë Uç<ñW! Æ…b! :Èñ«:u‹ì s:|ñUO<dÄ ÊUÑWz Uç<ñW! ¨«b|dëñU|œ :vN3œ

.1©ÊdJL:Oë ≠ ÊdëWç:|˛® W|…Ë…ñWJ:Oì :ÈñUë:uÙ s|d"e:ON! ÊU| s:Ofiëuz :ÈñUë:uÙ s|d"e:ON! ¨WJ!ñU|œ :Èñ«u‹ì s:OÑWz ˛ p:Oz ñWÙœ

 :v|W¶A8 UïËuÇ«b:OÄ®8-3 :ÈñWÄô235             Æ©WJ! v!U"uè U§:O¶ë :È

```````````````````````````````````````````````````Æ√Ca ÊU|Cu        Æ©:vïdJL:Oë® …Ë…ñWJ:Oì :ÈñUë:uÙ „…Ë

```````````````````````````````````````````````````Æ»
+Ag ÊU|

+Na   Æs:Ofiëuz :ÈñUë:uÙ „…Ë

```````````````````````````````````````````````````ÆÃ
3+Fe ÊU|

+2Fe    Æs:Ofië:uz :ÈñUë:uÙ „…Ë

.2: v|W¶A8 UïËuÇ«b:OÄ® WJ!ñU|œ …ËWïœdJ:Oì ≠ ÊUfiëuz UJ:OìñUë Uï«œËËñ UïUOÅ :Èñ«u‹ì s:OîUîW" Wï s:OA:OëËUÙ ÊUÑWz ˛ p:Oz ñWÙœ83-

 :ÈñWÄô235 Æ©WJ! v!U"uè U§:O¶ë :È

```````````````````````````````````````````````````Æ√→2+Sn +Mg

```````````````````````````````````````````````````Æ»→2+Cu +Ag

```````````````````````````````````````````````````ÆÃ→–I +2Br

.3 :ÈË«dOÖ
2+FeU~ïW<ËUÙ Wï UA:OëUÙœ „…Ë ÆXO! :vïUºïuÖWï UJ:OìñUë vÇWJKî vëWÅW! XO!œ WJïuÇ ¨…dO~:O3 Wï vë…œ«;ñ U"WÙ

 ∫XOÑWëœñ…œ :Èñ«u‹ì

 + Fe+3 Fe→+2Fe

                   ÆWJ! @ïW<ËUÙ ÈñWfiì UA:OëËUÙ :vÑWz

.4          Æ…d:OM:ON! :vM:Ofiëuz :vë…ñUë:uÙ sOºfiëuz «“UÖ

Æ√ UïUfiëuz «ñUî˛2O           ÆWJ!ñU|œ

Æ»„…Ë sOºfiëuz :vî…œ ¨XO! ı :Èœ v|U<Uz U| vMOºfiëuz UïUfiëuz «ñUî˛

      ø†Wëœ :ÈñU¶ã…;ñ s:Ofiëuz :vë…ñUë:uÙ

 :v"ñWë UïËuÇ«b:OÄ3-8

…ËWïœdJ:Oì s:|ñUë:uÙ Ë s:Ofiëuz s:|ñUë:uÙ

:ÈbïW!8
Ë ÊUfiëuz s:OJ:OìñUë

 …ËWïœdJ:Oì

˜Uïñ«ËñW!‰:uÄ
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ÆÃ…Ë…ñWJ:Oì Ë s:Ofiëuz s:|ñUë:uÙ U<UM:OÄ ËWJ! s:OÙœ «œ :vMOºfiëuz Ë Ê:u!ñUë s:OïUfiëuz :ÈñU! ñW< » s:OM|;ñ:uÙuÖ UH<…Ë

 ∫Èdë n<…Ë :Èñ«u‹ì UA:OëËUÙœ «b:OM"u< UA:OëËUÙ œ WJ!ñU|œ

)lO(2) + 6Hg(26CO→)g(26O +)s(6O12H6C

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.5 …Ë«u" «b:OÑUzœ :Èñ:uKë U| Èb:OÙ UïUÅ…uìWNJ:Oì)aq(2ClÊ«œ UAOï W¶:OÙœ WJ:OìñUë ˜Wz :̈vïUºïuÖWï UJ:OìñUë :u! WëWïËuLï ¨

 ∫:Èñ«u‹ì U~ïW<ËUÙ Wï UJ:OìñUJ!

)aq(+) + Haq(–) + Claq(–ClO→)lO(2H +)aq(2Cl

Æ√  Æs|;ñ:uÙuÖ WO"UÙWï Ê«Ë UïUfiëuz :ÈñU! «b|ñW< UJ:OìñUëœ sO3Ëñb|UÙ Ë sOºfiëuz s:OK|œñWÖ WJ!ñU|œ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ»      Æ†…œœ Ë;ñ WJ:OìñUë ˜Wz :vî…œ WJ!ñU|œ Èñu˙ë UïUfiëuz :ÈñU! s:OM|ñ:uÙuÖ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

ÆÃ«bïUfiëuz UJ:OìñUëœ «b|ñu˙ë UëWK|œñWÖ ñWÙœ Èdë«bïË s:Oï:Ëd¶JìWz «ñUî˛

 øÊbïWÇ

Æœ«œ…ËWïœdJ:Oì UJ:OìñUëœ «b|ñ:uKë UëWK|œñWÖ ñWÙœ v"dÖñ…Ë s:Oï:Ëd¶JìWz «ñUî˛

   øÊbïWÇ

ÆÁ U|…ó:|;ñ WOÑb:OÄ
–ClO  :u!

–Cl ÆWJ!WÑ:Ë;dÅ :u8 Uç<ñW! øXO! bïWÇ «œ ÈñWfiì «b:|ñUë œ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

ÆË UJ:OìñUë UA:OëËUÙ2Cl        ÆWJ! @ïW<ËUÙ :vÑUz ‰WÖœ

˜Uïñ«ËñW!‰:uÄ
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∫†ñuë Uç<ñW! Æ…b! :Èñ«u‹ì s:|ñUO<dÄ ÊUÑWz Uç<ñW! ¨«b|dëñU|œ :vN3œ

.1             Æ©ÊUºïuÖWï ® ÊU| Æ©…ËWïœdJ:Oì® ÊU| ¨©ÊUfiëuz® ∫ :u! WJ! s:Oì:uÄ :Èñ«u‹ì s:OM|;ñ:uÙuÖ ˜Wz

```````````````````````````````````````````````````Æ√ UM|;ñ:uÙuÖ2O2Na :u!NaOË2O

```````````````````````````````````````````````````Æ» UM|;ñ:uÙuÖ
–Br :u!2Br

```````````````````````````````````````````````````ÆÃ UM|;ñ:uÙuÖ
2+Fe :u!

3+Fe

```````````````````````````````````````````````````Æœ           Æ:vïUfiëuz «ñUî˛ UOL:Oë

 ÆWJ!ñU|œ «b|dëñU|œ :u! UOÙôUÑœ :u‹:|ñUë UJ:|ñ Ë ¨…b! :Èñ«u‹ì s:|ñUO<dÄ Uç<ñW! ∫„…ñUO<dÄ bïWÇ

.2 ∫:Èñ«u‹ì U~ïW<ËUÙ Ê UA:OëËUÙ :vÑWz …d:OM!

)lO(2) + Haq) + KCl(aq(2) + MnClaq(3AlCl→)s) + Al(aq) + HCl(aq(4KMnO

Æ√     ÆWfi:OçM! …ËWïœdJ:Oì Ë ÊUfiëuz UJ:OìñUë íOï ËËœ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ» :ÈñWÄôœ Ê«ËWz ÊUJ:OìñUë íOï UJ:|ñ UïUMOzñUJ! » ¨WJ! @ïW<ËUÙ :vA:OëËUÙ231-229  Æs|«œ UAOï «bO!U"uè U§:O¶ëœ U|

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

ÆÃ ÆWJ!ñU|œ «b:OJ:OìñUë :vÑWzœ s:Ofiëuz :ÈñUë:uÙ U<UM:OÄ

ñ:u3 WîWÙ UïËuÇ«b:OÄ

:ÈbïW!8
Ë ÊUfiëuz s:OJ:OìñUë

…ËWïœdJ:Oì

˜Uïñ«ËñW!‰:uÄ



141

.3 ∫:Èñ«u‹ì UO~ïW<ËUÙWï UOïu|Uz UA:OëËUÙ :vÑWz …;d:OM!

O2 + H–
3 + ClO2Cl→+ + H–ClO

Æ√       ÆWJ!ñU|œ vëWL8u" ñWÙ UïUfiëuz «ñUî˛

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ» UëWK|œñWÖ ñWÙCl   ø†Wëœ «bïË ÊUïËd¶JìWz bïWÇ XOfiëuzœ :vî…œ

ÆÃ UëWK|œñWÖ ñWÙCl øX|dÖœñ…Ë ÊUïËd¶JìWz bïWÇ ÊdëWç:Oì W¶:OÙœ :vî…œ

Æœ ø:vïUºïuÖ Wï ñW< ‰ W|WïËuLï p:OìñUë ËWz :ÈñWz

ÆÁ ÆWMO!ñUJ! Èd:|ó§ìWÙœ u" UJ:|ñ ËWz ¨WJ! @ïW<ËUÙ ÈñWfiì UA:OëËUÙ ˜Wz

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

˜Uïñ«ËñW!‰:uÄ
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∫†ñuë Uç<ñW! Æ…b! :Èñ«u‹ì s:|ñUO<dÄ ÊUÑWz Uç<ñW! ¨ÈdëñU|œ :vN3 ‰

.1 ∫†…œœËË;ñ «bO|U¶ì:uÑ UëW|WïU8œ :̈Èñ«u‹ì UJ:OìñUë ˜Wz

)aq(+2) + ZnsCu(→)s) + Zn(aq(+2Cu

Æ√  ø…œ:uïUz ñWfiîW3 óOë

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ»  ø…œ:u#Uë ñWfiîW3 óOë

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

ÆÃ ÆWfi:OçM! vîW¶fiO< vÑWz U|WïU8 UL:OÙ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æœ  ÆWfi:OçM! †…œœËËñ Èœ:u#Uë Ë œ:uïUz p:Oz ñWÙ ‰ s:OJ:OìñUë íOï ËËœ s:OA:OëËUÙ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

2.     ∫:vî…œ X|ñWÄœñ…œ vîñWÖ :Èu:OÅ …“Ë

©√®    Æ:u‹! U|…ËWïœdJ:Oì Ë ÊUfiëuz UJ:OìñUë œ ¨p:Oz WMMOÙWÖœ :vëWK:O" » ÊU|dJ:OìñUë

©»®       Æ:u‹! «ËWïœdJ:Oì Ë ÊUfiëuz UJ:OìñUë «ñW§ÑUïœ XO! :u8ËW¶<«ñ UïbïUÙWÖ

©Ã®        Æs:OOAOï œ ÈœuïUz ñW< ‰ vfiî s:OK|œñWÖ

©œ®         Æs|WJ! «b3 Èœ U|˛ :vJ:Oz ÈUOLOë ËñUë s:O|…U8 íOï ËËœ

.3® :vM<Uz Ë ÂËdë UïUMOzñUJ! v|U¶ì:uÑ UëW|WïU8II ∫:Èñ«u‹ì „…Ë Êdë X<Ëñœ W¶:OÙœ ©

)s + 3Fe(+3 2Cr→)aq(+2) + 3Fes2Cr(

     øWOOÇ †Wëœ vîW¶fiO< vÑWz UH<…Ë UM|;d!ñ…œ ËWz

©√®    Ævî:Ëdë :ÈñWfiîW3 :u! sÇœñ…œ vM<Uz :ÈñWfiîW3 ˛ Ê:Ëd¶JìWz

©»®       ÆX|ñWÄœñ…œ :vOîñWÖ U|…“Ë

©Ã®        ÆvM<Uz U|WïU8 íOï :u! vîËdë U|WïU8 íOï ˛ sçìœ «bO:|u8 «dÄ » VìU< s:Oï:u|Uz

©œ® vî:Ëdë U|WïU8 íOï :u! vM<Uz

 :v"ñWë UïËuÇ«b:OÄ1-9

v|U!…ñUë UOLOë :u! „WÙWÖñ…œ

:ÈbïW!9
v|U!…ñUë UOLOë

˜Uïñ«ËñW!‰:uÄ
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.4            ∫XO!œ ñU|œ v|U¶ì:uÑ U|WïU8 U|ñUJK:OÙ :Èñ«u‹ì

Æ√   ÆWfi:OçM! Èœ:uïUz UJ:OìñUë íOï

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ» ÆWfi:OçM! Èœ:u#Uë UJ:OìñUë í:Oï

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

ÆÃ ÆWfi:OçM! :v|WïU8 U~ïW<ËUÙ Ë v¶AÖ UJ:OìñUë

Æœ   ¨Êñ:u!œ «b|d"WLO¶ìuÑœ «bO|U¶ì:uÑ U|WïU8 ˜Uï œ Ê:Ëd¶JìWz :ÈñWz :̈v|WM:|Ë …;ñWÖWÑ

  ø©È˛UÑËñW!® Wï«ËWâ:OÄ :v¶<«ñUz » ÊU| :Èd:Oîó"Uë :vKOî :v¶<«ñUz »

ÆÁ©Êuë Êuë® ñ«œWKOïuë :Èñ«u|œœ vëW¶<«ñUz ı » Ê:u|UïUz ¨ÈWM:|Ë …ñWÖWÑ

           øÊñ:u!œ

 d"WLO¶˘:uÑ

©Êuë Êuë® ñ«œWKOïuë :Èñ«u|œ

˜Uïñ«ËñW!‰:uÄ
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∫ Âü…Ë W"ñuë  Æ…b! :Èñ«u‹ì s:|ñUO<dÄ ÊUÑWz Uç<ñW! ¨ÈdëñU|œ :vN3 ‰

.1     ÆUO|ñUJ|ñUÙ » vë…ñ…œ ö:O" » s¶<«uÖWÑ W¶:OÙœ WÖñU! ¨«bO|U¶ì:uÑ U|WïU8œ

©√®    Æs:Oï:u|Uz

©»®        Ævï:u|Uz UMOçì

©Ã®        vï:ËdJìWz UMOçì

©œ®   vï:u":ËdÄ UMOçì

.2    øWëóOë ËWz W¶<Ëñœ Wï v|U¶ì:uÑ U|WïU8 ñ:Ëbì UM|;d!ñ…œ ÊUÑWz ˛ p:Oz

©√®
0E    ÆW!W3uî U|WïU8 È

©»®          Æ†…œœËË;ñ v|U!…ñUë U|…“Ë «ñW< WM¶fi‹:Oz v:O! «b:OïU8œ ©ÊdJL:Oë® …ËWïœdJ:Oì Ë ÊUfiëuz UJ:OìñUë

©Ã®       Æv|UOLOë U|…“Ë :u! X|;ñ:uÙ:uÖœ v|U!…ñUë U|…“Ë

©œ®  Æv|U!…ñUë U|…“Ë :u! X|;ñ:uÙuÖœ v|UOLOë U|…“Ë

.3 :v|W¶A81-9 :È;ñWÄôœ WMO!ñUJ!252  UM"ñUîóÙ :u! ¨«œ v!U"uè U§:O¶ë :v|
0E             Æ:Èñ«u‹ì s:OÑWz U|

```````````````````````````````````````````````````Æ√ «ËWïdJ:Oì
1–
4MnO :u!

2–
4MnO     Æ

```````````````````````````````````````````````````Æ» UïUfië:uzCr :u!
3+Cr

```````````````````````````````````````````````````ÆÃ «b|WïUçOÄ :vMO3Ëñb|UÙ :ÈñWfiîW3 ˜Uïœ UJ:OìñUëSHE

```````````````````````````````````````````````````Æœ2 + Br– 2Cl→– + 2Br2Cl

.4    ÆX|e:|ñUÄœ ©:vïËu! v~ï…˛® :vïñ«u8«œ ˛ Èô:uÄ ¨sOÅ:uáJM|“ WJ!WÑ:Ë;dÅ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

5. ∫ÊWëœ :v|ñ«bJAÄ :Èñ«u‹ì :Èœ:uïUz vÑWz UJ:OìñUë íOïœ ÊUO|d"UÄ s:|ñ:u3 Ëœ óOë

–e) + 2s(2Zn(OH)→)aq(–) + 2OHs Zn(

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

 :v"ñWë UïËuÇ«b:OÄ2-9

v|U¶ì:uÑ s:O|WïU8

:ÈbïW!9
v|U!…ñUë UOLOë

˜Uïñ«ËñW!‰:uÄ
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.6 øÈWëœWÑ:Ë;dÅ ÊU|«eïUë Uïñ«u8«œ «œñU|œ Ê«ËWÇ ¨v|U¶ :̆uÑ U|WïU8 :u! W" Uïbï«u8 í|Ëbì

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

 ÆWJ!ñU|œ «bïdJïUAOM¶<…œ WO"UÙ :u! UOÙüUÑœ :vM"ñUîóÙ UJ:|ñ Æ…b! :Èñ«u‹ì s:|ñUO<dÄ ÊUÑWz Uç<ñW! ∫„…ñUO<dÄ bïWÇ

.7 :v¶A81-9 :ÈñWÄôœ WMO!ñUJ!252 UM¶|œWÑ :u! ¨«bO!U"uè U§:O¶ë :È
0E ∫Èñ«u‹ì s:O|U¶ì:uÑ s:O|WïU8 ÊUÑWz

```````````````````````````````````````````````````Æ√)s) | Cd(aq(2+) || Cdaq(3+) | AlsAl(

```````````````````````````````````````````````````Æ»)s) | Pb(aq(2+) || Pbaq(2+) | FesFe(

```````````````````````````````````````````````````ÆÃ)s) + 2Au(s(2 3I→)aq(3+) + 2Auaq(–6I

.8 :v|UÙW! í|“ ≠ fî U|WïU8 » ÈbïUÙWÖ «d"WL:O :̆uÑV+0.46 :v|«eïUë » s|;ñ:uÙuÖ W¶:OÙœ í|“ Æ†…œœ UAOïXÈË :vï:u|Uz Ë

2+X d"WLO¶ì:uÑ Ë ¨W|Ëu! Wï«ËWâ:OÄ ÈË“W" :v¶<«ñUz uë †WëœñU|œ Èuï U| Èd"WLO¶˘uÑ Uïbï«u8 Æ0.74 V:v|W¶A8 ¨XOM|u8œ

1-9 :ÈñWÄô :È252     Æ:vï«bç<ñW! :u! WMO!ñUJ! v!U"uè U§:O¶ë :È

```````````````````````````````````````````````````Æ√ :v|«eïUë ©:vïdJL:Oë ≠ vïdëWç:|˛® :v|…ËWïœdJ:Oì :vëñWzX  Æ…d:Oîó!

```````````````````````````````````````````````````Æ» :v|«eïUë U<UM:OÄX ÆWJ! vMO§A:OÄ

˜Uïñ«ËñW!‰:uÄ
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∫†ñuë Uç<ñW! Æ…b! :Èñ«u‹ì s:|ñUO<dÄ ÊUÑWz Uç<ñW! ¨ÈdëñU|œ :vN3 ‰

.1ÊUëËËœñWÙ ÊU| ¨v¶Oì:Ëd¶JìWz U|WïU8 ÊU| ¨v|U¶ì:uÑ U|WïU8 ‰WÖœ Ê«Ë UïËu§"Ëu3 í|Ëbì :̈Èñ«u‹ì s:OM|;d!ñ…œ ÊUÑWz ˛ p:Oz ñWÙ

              ∫WJ! ÊUAOï Ë ˜Uï WçJ:OÄ

```````````````````````````````````````````````````Æ√        W|«b:O" …ËWïdJ:Oì Ë ÊUfiëuz :v|WïU8 UJ:OìUë

```````````````````````````````````````````````````Æ»           Æ†…œœËË;ñ :u8 » :v|WïU8 UJ:OìñUë

```````````````````````````````````````````````````ÆÃ       ÆW|WÙ :È“Ë » vÑb:OÄ :̈v|WïU8 UJ:OìñUë

```````````````````````````````````````````````````Æœ         Æv|U!…ñUë U|…“Ë :u! X|;ñ:uÙuÖœ v|UOLOë U|…“Ë :̈v|WïU8 UJ:OìñUë

```````````````````````````````````````````````````ÆÁ          Æv|UOLOë U|…“Ë :u! X|;ñ:uÙuÖœ v|U!…ñUë U|…“Ë :̈v|WïU8 UJ:OìñUë

```````````````````````````````````````````````````ÆË       Æœ:uïUz Ë œ:u#Uë ¨Wï«b:O" ñWfiîW3 ËËœñWÙ :v|WïU8

.2    Æ†…œœËËñ ÊUfiëuz «bO¶Oì:Ëd¶JìWz U|WïU8œ

©√®     Èœ:uïWz ñW< ‰

©»®        Èœ:u#Uë ñW< ‰

©Ã®       :vO:|u8 «dÄ UJ:|;ñ »

©œ®    VìU< :ÈñWfiîW3 ñW< ‰

.3UOïU8œ s¶<UÙuÖWÑ W¶:ON! Èœ:u#Uë ˜…ñW! X:OÅœ UÑU~OîWÙ ¨XOMO! p:OÄ vï:u|Uz X:OA! uë „WK|œñWÖ ñWÙ

     Æ«bO¶Oì:Ëd¶JìWz

©√®F

©»®I

©Ã®Cu

©œ®Cl

.4  ∫…b! :Èñ«u‹ì s:OÑWz U¶<ñ » ¨ÊdJÖñU! W¶:OÙœ uë «b:OM"dÖWM:|Ë :ÈdOîUz UO|d¶Ä UïUMOzñUJ! :vî…œœ

Æ√    Æ†WëœñUë È˛ v|U¶ :̆uÑ Ë v¶Oì:Ëd¶JìWz UëW|WïU8 „…Ë W|WïU8 ËWz ∫WJ!WÑ:Ë;dÅ :vÑWz

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ»   Æ«b:OïUMOzñUJ! Ë :vïdë ¯ñU! «ñU|dëœ «b:O|d"UÄœ :v|…“Ë s:OM|;ñ:uÙuÖ «ñW§ÑUïœ WJ!œñË«ñW!

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

«2

 :v"ñWë UïËuÇ«b:OÄ3-9

v¶Oì:Ëd¶JìWz s:O|WïU8

:ÈbïW!9
v|U!…ñUë UOLOë

˜Uïñ«ËñW!‰:uÄ
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.5 :v|…u:OÅ UïUMOzñUJ! »14-9 …ñWÄô :È256 :ÈË«dOÖ UO|ñUJ|ñUN! ÆÈ«eïUë :vëWïW" Ê«ËWÇ WJ! ÊËË;ñ ¨3Au(CN)‘:uÄ d:|“

    øÈWJ!
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.6 Æv¶|Ufië:u! :vÑU8 ˛ UïUMOzñ…œ UïËuâ:O" ˛ Êd¶L:Oë UïUMOzñUJ! :vLOMîWìWz Uïdë…ñU!Ëœ UïËuâ:O" ∫WJ! ÊËË;ñ
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`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.7 ∫…b! :Èñ«u‹ì s:OÑWz Uç<ñW! ÈWÙ WÑ :vÑUz U| v|U!…ñUë UïdëWÑ:Ë;dÅ » Èbï…u|WÄ «ËWz

Æ√               ÆWJ!ñU|œ Èœ:u#Uë Ë œ:uïUz ñW< ‰ :vïdëWÑ:Ë;dÅ «ñU|dë s:OîWÙñW!

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ»      ÆWMO! :u! ÊUÑ:Ë;dÖ ÆW|…“Ë » vÑb:OÄ ÊU| †…œœËËñ :u8 » ñU|dë ñWÖWz WJ!ñU|œ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

ÆÃ    øÈWë ‘U! :vÑWz UïbïUÙWÖ U!…ñUë UïUOÅ :Èœ Ê«ËWÇ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

˜Uïñ«ËñW!‰:uÄ
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∫†ñuë Uç<ñW! Æ…b! :Èñ«:u‹ì s:|ñUO<dÄ ÊUÑWz Uç<ñW! ¨ÈdëñU|œ :vN3 ‰

.1         ∫:vK:O§îËd" UO|d"UÄ Uïdë ¯ñU! :vî…œ

©√®       Æ:vMOçì U|…“Ë :u! X|;ñ:uÙuÖœ v|U!…ñUë U|…“Ë

©»®            Æv|U!…ñUë U|…“Ë :u! X|;ñ:uÙuÖœ :vMOçì U|…“Ë

©Ã®          Æv|U!…ñUë U|…“Ë :u! X|;ñ:uÙuÖœ v|UOLOë U|…“Ë

©œ®      Æv|UOLOë U|…“Ë :u! X|ñ:uÙuÖœ v|U!…ñUë U|…“Ë

.2      ∫UJ:OìñUë :u! WïdJ:OÄñUë :v!…ñUë » sOÅuÄ:Ë;ñ

©√®       Æv¶Oì:Ëd¶JìWz U|WïU8

©»®           ÆvïWîW"Ëu< U|WïU8

©Ã®         ÆÊbïUfiëuz :u8

©œ®      Æv|U¶ :̆uÑ U|WïU8

.3   Æ©:v!…ñUë » UMOÅ:uÄ ËËñ® sOÅ:uÄ:Ë;ñ :v!…ñUë » :vOë…ñW< :v|UHî

©√®      Æ†Wëœ …b:|“ ÈdÙ…˛ s:O|:Ë;ñWÅUÄ UO¶<W8

©»®          ÆX|e:|ñUÄœ ©:vïËu! v~ï…˛® :vïñ«u8«œ ˛ È«eïUë

©Ã®         Æ†Wëœ XãWëWÅUÄ vî…œ

©œ®      ÆUÅËW8 UïËu!WÑ;d8 :ÈñWÖWz W¶O!œ

.4      Æ:ÈñWÖWz ˛ «bO¶OìËd¶JìWz :ÈË«dOÖ ˜Uïœ :vÖñU! s¶<UÙuÖWÑ

©√®      ÆXO!œ Ê«ñWfiîW3 UMOçì

©»®           ÆXO!œ Uï:u|Uz UMOçì

©Ã®         ÆXO!œ Uï:Ëd¶ë«Wz UMOçì

©œ®     ÆXO!œ Uïu":ËdÄ UMOçì

.5 ∫†…œœËñ :Èñ«u‹ì UA:OëËUÙ n|Ëbì «bO|U¶ì:uÑ U|WïU8 ˜Uïœ p:OìñUë

)g(2) + Haq(2+Mg→)aq(+) + 2HsMg(

Æ√        ÆWfi:OçM! Ê…œ…œËË;ñ «b:O|WïU8 :vÑWzœ s:OJ:OìñUë íOï

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

ñ:u3 WîWÙ UïËuÇ«b:OÄ
:ÈbïW!9

v|U!…ñUë v|UOLOë

˜Uïñ«ËñW!‰:uÄ
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Æ» ø†…œœËË;ñ «œœ:uïUz U|WïU8 íOïœ p:OìñUë íOï óOë

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

ÆÃ ÆWfi:OçM! :v|WïU8 :vÑWz U|UL:OÙ WÑ«;ñ«“

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æœ¨v¶Oì:Ëd¶JìWz s:|ñWfiîW3 ¨ÊUïËd¶JìWz UMOçì :v¶<«ñUz ¨WJ!WM:|Ë ÈñW< ‰ UO|dë UL:OÙ WÑ«ñ«“ U|WïU8 :u! ÈñUJK:OÙ :vëW|…u:OÅ

   ÆWJ! ÊËË;ñ ÊUï:u|Uz UMOçì :v¶<«ñUz

 Æ…b! «b|dëñU|œ :u! UOOÙüUÑœ :Èñ«u‹ì s:|ñUO<dÄ ÊUÑWz Uç<ñW! ∫„…ñUO<dÄ bïWÇ

.6``````````````````````````````````````````````````` :v|W¶A8 :u! …;ñWÖWÑ1-9 …;ñWÄô :È252 ø…bïWÇ :Èñ«u‹ì UJ:OìñUë :vÑWz U|WïU8 UO¶ :̆uÑ Æv!U"uè U§:O¶ë ˛

2)3Ni + Mg(NO→2)3Mg + Ni(NO

˜Uïñ«ËñW!‰:uÄ
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 :v"ñWë UïËuÇ«b:OÄ1-10

vï:u!ñUë UO~ïdÖ Ë ÊËu!WÙ

:ÈbïW!10
 Ê:u!ñUë

 Êu!ñUëËñb|UÙ Ë

∫ †ñuë Uç<ñW! Æ…b! :ÈñU8 ‰ s:|ñUO<dÄ ÊUÑ Uç<ñW! ¨«b|dëñU|œ :vN3 ‰

.1  ∫X|dÖœñ…Ë ÊUÑWz ˛ p:Oz :Èu:OÅ «b:OOÙôUÑ œ Ë XOMOzœ p:OÄ ‘W!ËUÙ s:|bïW! ñ«uÇ Ê:u!ñUë

Æ√    ôñ«uÇÆÃ   ÈËñ …;dã

Æ»   Â…ñWÙÆœ ÈË;ñ ñ«uÇ

.2  ∫ÊUÑ˛ WJ:Oz «bOMOî…“ :ÈñU!œ vï:u!ñUë UïËu!e:|ñ

Æ√
3p22s22s1ÆÃ

2p21s22s1

Æ»
2p22s22s1Æœ

4p22s22s1

.3   øXOMOzœ p:OÄ ‘W!ËUÙ s:|bïW! bïWÇ Ê:u!ñUë ¨«bO|U<Uz :ÈñU!œ

Æ√2Æ»3ÆÃ4Æœ5

.4  øXOMOzœ p:OÄ s:OÙœ s:OÑWz ˛ p:Oz ¸WÖœ :ÈbïW! vÙUïU< » vï:u!ñUë s:OK|œñWÖ

Æ√   vï:u!ñUë vK!˛ Èœ s:OL8u"ÆÃ    È˛ Ê:u!ñUë Èœ s:OL8u"

Æ»    vï:u!ñUë :vM" »Æœ  g:OëËUÙ s:OL8u" :vM" »

.5   ∫X:OÙœ p:OÄ ÊUÑWz ˛ p:Oz ˛ v¶:Oã«dÖ s:OMOÇ s:OK|œñWÖ «ñW§ÑUïœ s:|bïW!

Æ√    „U" :ÈbïW!ÆÃ    Êbïuì UïËu§"ñWÄ

Æ»    vï«ËËœ :ÈbïW!Æœ   e:OÙ » U| :vM|W§ÑUï

.6ñWÙ Ë sfiOK4œ «bJ:Oz ñW< » Ë WM|dëe:|ñœ :ÈË s:OMOÇ vJïuÇ ¨X:OÙœñUJ! ©ÊdëeOKÖ® «b:OïdëñËWÇ œ XOã«dÖ

   ∫«bïW! » s¶<W!œ d" Èœ U| ‰WÖœ „WMOÇ

Æ√   ‘W!ËUÙÆÃ    Êbïuì UïËu§"ñWÄ

Æ»    vï:u|UzÆœ  e:ON! UM|W§ÑUï

.7 «œñWÖ ‰ vïu!ñUë :vìU¶O!ñuz UïËu§Ö…ñËËœ4CH    ∫W|WÑWz

Æ√spÆ»
2spÆÃ

3spÆœ
4sp

.8 «b:|œñWÖ œ vï:u!ñUë :vìU¶O!ñuz UïËu§Ö…ñËËœ4H2C ∫W|WÑWz

Æ√spÆ»
2spÆÃ

3spÆœ
4sp

.9 «b:|œñWÖ œ vï:u!ñUë :vìU¶O!ñuz UïËu§Ö…ñËËœ2H2C    ∫W|WÑWz

Æ√spÆ»
2spÆÃ

3spÆœ
4sp

˜Uï:̨Ë;ñ‰:uÄ
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.10 ÆXOMOÙWÖUï ”ULìWz :vìW! XOMOÙWÖœ :v!…ñUë U|ËË“W" X:Oã«dÖ ∫WJ! ÊËËñ
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.11 ÆWJ! vï:u!ñUë :u! vïW<…ñ s:|u:OÅ vîWÙ U|…“«bïWz :v<U! v"ñuë »
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.12 ÆXOMOÙWÖœ vÙUïU< » :vîñWÖ ”ULìWz ∫WJ! ÊËËñ
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.13        ÆWJ!ñU|œ «œ s:OÙœ s:OM:|Ë ÊUÑ˛ p:Oz ñWÙ œ vï:u!ñUë :vïW<…;ñ :Èu:OÅ U<UM:OÄ

 Æ√````````````````````` Æœ`````````````````````  Æ»`````````````````````

Ũï:̨Ë;ñ‰:uÄ
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 :v"ñWë UïËuÇ«b:OÄ2-10

vî«bïWz s:O¶:|ËUz

:ÈbïW!10
 Ê:u!ñUë

 Êu!ñUëËñb|UÙ Ë

∫†ñuë Uç<ñW!  ≠∫…b! s:OÙœ s:|ñUO<dÄ ÊUÑ Uç<ñW! ¨«b|dëñU|œ :vN3œ

.1 ∫sMOï p:Oz U|…“«bïWz ©:v|ËuâJ:Oì® :ÈñWîËe|Uz :̈ÈñU8 ‰ s:|œñWÖ ËËœ ˜Wz ∫WJ! ÊËËñ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````
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`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2Æ√ÆW|WÙ ÈœñWÖ :vÖu:OÅ p:Oz uë WA:OJ! ÈdJ¶<Ëñœ s:|ñWîËe|Uz ËËœñWÙ UM"UNJ:OÄ :vÖu:OÅ

Æ»      ÆW|WÙ ÈœñWÖ :vÖu:OÅ p:Oz uë WA:OJ! v|…“«bïWz ©:v|ËuâJ:Oì® :ÈñWîËe|Uz ËËœ :u! :v"UNJ:OÄ :vÖu:OÅ :vM:|Ë

Ũï:̨Ë;ñ‰:uÄ
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.3 :u! ÈdJ¶<Ëñœ :ÈñWîËe|Uz ËËœñWÙ U"UNJ:OÄ :vM:|Ë10H4C ÆWA:OJ!

.4 :u! ©‰® ¸WÖœ :ÈñWîËe|Uz U"UNJ:OÄ :vÖu:OÅ :vM:|Ë2Cl2H2C Æ WAOJ!

.5  :u! ©»® ñW§î«ñW! :ÈñWîËe|Uz U"UNJ:OÄ :vÖu:OÅ :vM:|Ë2Cl2H2C  Æ WAOJ!

Ũï:̨Ë;ñ‰:uÄ
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 UJAÄ UïËuÇ«b:OÄ3-10

d:O" s:Oï:u!Uë:Ëñb|UÙ

:ÈbïW!10
 Ê:u!ñUë

 Êu!ñUëËñb|UÙ Ë

∫†ñuë Uç<ñW!       ≠∫…b! s:OÙœ s:|ñUO<dÄ Uç<ñW! ¨«b|dëñU|œ :vN3œ

.1 ÆWJ! ÊËËñ d:O" :vï:u!ñUëËñb|UÙ ˛ ÊUî«ñ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

2 ∫…b! p:Oì

Æ√ ÊUïUJìWz :vO¶AÖ :vÖu:OÅ2n+2HnC Æ†…œœ ÊUAOï X<«;ñ :vë…u:OÅ » ˜WNë…Ë «dOºï“ s:Oï:u!ñUëËñb|UÙ
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Ũï:̨Ë;ñ‰:uÄ



155

`````````````````````Æœ

`````````````````````ÆÁ

.4  ∫Wfi:OçM! :ÈñU8 ‰ s:O¶:|ËUz ÊUÑ U"UNJ:OÄ :vÖu:OÅ :vM:|Ë

Æ√2 ¨-3  ÊU"uO! qO#Wî Wï«Ëœ

Æ»2 ¨-2  ÆÊUÄ:ËdÄ qO#Wî Wï«Ëœ

ÆÃ3 ¨-4 qO#Wz Wï«Ëœ-2-    ÆÊUfiJ:OÙ qO#Wî
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Ũï:̨Ë;ñ‰:uÄ



167

.3ÊU| …dO~:O3 Wï :vë…ñWLOì:uÄ W¶O!œ v¶ÅËd< :v"U"Wî :ÈñWz ¨«bO!U"uè UëËu"ñWÄ œ v¶ÅËd< :v"U"Wî UH<…Ë ñW< ‰ s¶<W! XAÄ »

 Æ…b! p:Oì :u8 Uç<ñW! øWç:OîñWÖ ˛ …dO~:O3

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.4 ÆÈñW< WM¶fi8 UJ:OìñUë :ÈñWLOì:uÄ :u! ñWîuïuî W¶O!Uï ÊUJìWz ∫…b! p:Oì

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````
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Æ√     Æ†Wëœ »«d8 :vïñ«u8 «ËWz U|d¶ëW! UM¶ÅuëÆÃ        Ævìœ s:OA:Oz U|ñW<…ñUÇ

Æ»      :vïñ«u8 UM¶<«ñUÄÆœ        Æ:vºïWÄd:OÅ s:|ñu3 „…bMÙ U|ñW<…ñUÇ

.2                 ≠∫vK!˛ ÊWëœ :vJAO" UM¶ãWëñW!œ :v|ñUJ|ñUÙ s:OÙœ s:OÑWz vîWÙ

Æ√           Æ«œ ÊUOÙUÑUz Ë ÊôUî œ Ê:Ëœ«ñ

Æ»    ÆXOÇœ «b:OOÙôUÑœ UOï:ËœñWÖ UJAO" ËWz

ÆÃ          ÆÈdë…ñUÇ :vJAO" » Uïñ«u8 UïUîWï

Æœ UJAO"X   ÆUï«œœ U|ñ«œ˛uï Ë :v|ñ«œ˛uï :u! X:OÙœñUJ!

.3 vï:u!ñUë UïËu!WÑ:ËdÅ :̈ÈñU8 ‰ vïU|W! s:OM:|Ë ˛ gOë14-UëWÇñUÄ ñWÙ …d~!…Ë ø†WëœñU|œ d¶ÅU! :vë…u:OÅ »

 ˛ «œ vM|d!ñ…œœ :vî…œ :Èñ…ËW" ñW< ‰ Èdë ‘W!«œ5715  Æ†Wëœ ÊüU<

.ê
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.4    ∫WJ! †Ëu3 Ê«Ë˛ p:Oz ñWÙ s:OïUMOzñUJ! Ë s:OÙœ s:|dOîUz Ë …œœUî

ñWì:uî ≠ ñW~|UÖ «d:Oîó!Æ√:vOJ|e:Oï UM¶ãWëñW! UïUçOÄ :u! XOMOzœñUJ! :vëWLKã ¨Wë…d:OîUz

     Æ«œ :vJAO" :Èñ«u!œ ÊWëœñUë s:O<Wë Ê«Ë :u! :vJAO" U|

   ñ«œ @MÅdÄ «d:Oîó!Æ»:v!…ñUë s:OïUAOï :u! :vOÙUï:Ëñ s:OÅöã UM"ñUÙuÖ ¨Wë…d:OîUz

   Æ:vJAO" UM¶|œWÑ :u! †Wëœ

 vLKã UïUAOïÆÃUÄd" Ûd" UM"ñUîóÙ UO:|ñ » :vJAO" UM¶|œWÑ :u! Wë…ñWçOÄ

    ÆÊ:u|Uz W¶O!œ :vJAO" » :vë…“UÖ U|ñUJ|ñUÙ » v|U!…ñUë

  ñ…bJAO" s:Oë:ËñWÖ í|ËbìÆœ:v"Wãñ…œ Ë ¨sëW| „…Ë Ê«œœUî ˜Uïœ Êñ…bJAO" s:OK|œñWÖ

 ÆÊ«Ë…ñW<Uï UO:|ñ » Ê«œœUî ÊUÑWz UïU|ñWÖ í|Ëbì :u! Ê…œœ

ÆÁñ…b?JAO?" s:O?L?8u?" :u?! v?ïW?îW?" í?O?ï ñWfiJ:O?z W?ë…d:O??îU??z

          ÆXOçOÄœ

.5      øvÇ:u! øX|d~!ñW! vÙUïU< :vë…u:OÅ » sO:OÅœ :vJAO"˛ :Èñu3 gOë

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

6. Â:uOï«ñu| ¨sÑWë s:|ñW! Ë dÑWë :vïWîW" UïdëñU|œ :u! Êdë…œUîUz WM:OÙœ s:OJOMëW" ˛ p:Oz235-ÈË :vïWLîW" íOï :ÈËWz X:OÙœñUJ!

 W¶OÙWÖœ710 :vî:uOï«ñu| » sO~ï…“ s:OL8u" ËWz ¨ÊôU< Ê:uOKî235-Ê«Ë UïËu!WÑ:ËdÅ «dOºï“ s:OëuëËUï ˛ r:Oë s:|d! ¨«œWMOâM!œ

 rAèñ:uè Ê«Ë˛Ë ¨WïWÙ206- :vLAèñuè «ó:|ñ Ë v|…ó:|ñ :vïËuLï :vïWîW" «ñW§ÑUïœ U|bï…u|WÄ Æñ…bJAO" Wï206- Â:uOï«;ñu| :u!235-

   ÆWJ! ÊËËñ «b:OïËuLïœ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ:ÈË U"W§|U" UOÙôUÑ ‰ :vïdëd:Oî˛ UJ:|ñ UïdëñU|œ » …b! s:OÙœ s:|ñUO<dÄ ñW< ‰ Û :vç<ñW! ∫ñUO<dÄ

.7``````````````````````````````````````````````````` Â:uOAOMëW" U"ËUÙ99- :Èu:OÅ ‰ :ÈËWz13-12 :ÈñWÄô ‰ Ë ÈdëñU|œ «œ353«bO!U"uè UëËu"ñWÄœ

 » WïUfiëW| ÈË :vïWîW" íOï ¨WO"UÙ6.0«b:Oì Â:uOAOMëW" :vïËuLï UJ|“ñ…œ » „WÅ:u8Wï ÆÊ«d:Oîóî…œ

 :ÈË U¶<ñU!100. mg UM|ñ:u! v¶AÄ ÈUîWÑ s:Oî«d~OKî «ñUîóÙ ¨24 ø…bïWÇ Ê«d:Oîóî…œ

.8``````````````````````````````````````````````````` UïdëñUî:u" :vJAO" UM¶|œWÑ :u! X:OÙœñUJ! ËWz ñWìuî ≠ ñW~!UÖ «d:Oîó!14» :vî…bì †Wëœ ÊUëW|

UM|ñ:u! v¶AÄ X|œWÑ „W|U"ËUÙ ñWëWÙ XOM|u8œ ÊUëW| bïWÇ d:Oîó! ÆXOÑWëœ ¨pAO" :vëW|U"ËUÙñW!

60 W"Wëœ ÈU"ËUÙ :vïWîW" íOï øÊ« :̨Ëñ30  Æ :̨Ëñ
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 UJAÄ UïËuÇ«b:OÄ4-12

:vëËUï UïUOfiOï WçJ:OÄ Ë ÊËu! †ñWë

:ÈbïW!12
vëËUï UOLOë

∫ †ñuë í<ñW!      Æ…b! ÈdëñU|œ :vN3 ‰ s:OÙœ s:|ñUO<dÄ Uç<ñW!

.1                   ∫s:OÙœ s:OM"ñ«ó§ìWÙ ˛ p:Oz UïUMOzñUJ! WJ! †Ëu3 sºïuÖœ ñW< ‰ ©s:|ñ«œdë® ñ«œdë Ë s:OÙœ s:O¶<ñ

)1( :vM" » ÊËu! †ñWë)3(         ÆWçJ:OÄ ÊUOfiOï WçJ:OÄ Ë ÊËu! †ñWë

)2(     :vM" » ÊUOfiOï)4(    ÆÊUOfiOï WçJ:OÄ Wï Ë ÊËu! †ñWëWï

Æ√        Æd¶J|uâ! s:OëËUï ËËœ :u! XO!œ †ñWë Ê“Wî ñ:Ë“ UëËUï

Æ»     Æ:vJ:OìñUë v¶AÄ :v¶<ñU! ˛ …d"“Wî :vJ:OìñUë ÈñW! v¶AÖ U¶<ñU!

ÃÆ  ÆsºïuÖœ s:OïUîUz ‰ :È“Ë Uïdë«b|WÄ :u! s|WJ! sO!«œ vî«ñUz » :vJ:OìñUë UO"«“Wì sO:OÅœ

Æœ   ÆsMOzœ p:OÄ d"“Wî UëËUï p:Oz p|uâ! s:OëËUï ËËœ

ÆÁ  ÆdO~:O3 d¶Ä s:OëËUï :u! Êñ:uÙuÖœ dO~:O3 d¶L:Oë s:OëËUï

.2                    ∫WJ! †Ëu3 :v¶<«ñ :v|ô ‰ sºïuÖœ s:O¶<ñ ‰WÖœ :vÄWÇ ‰ :vJ:OìñUë :Èñ:u3

 ÆW|WÙ bMK! ñ:Ë“ s:OîñWÖ s:OKÄ » vÑb:OÄÆ√         Èdë sO!«œ Wï UïUfiOï WçJ:OÄ

 Æ:v!…ñUë Uïdë«b|WÄ :u! X:OÙœñUJ! vëËUï :ÈñWëñUO"ñUë ‰Æ»    Èdë sO!«œ Wï UïËu! †ñWë

 Æd" Èœ s:|d:O¶< Ë :È :̨Ëñ ‰ †…b|ËËñÆÃ     Èdë sO!«œ UïUOfiOï WçJ:OÄ

  ÆX:OÙœñUJ! ©v|WK|œñWÖ® «œ vî:u"Wz s:O§îËu! œÆœ   Èdë sO!«œ UïËu! †ñWë

ÆÁ ÆvëËUï UïËu!WÑ:ËdÅ

.3  ∫WJ! †Ëu3 «œ :v¶<«ñ œ sºïuÖœ UïUMOzñUJ! Ë ¨«b:OÄW3 œ vëËUï «“Ë Uïdë«b|WÄ UëW| :u! Uë…ñWM:ONJ:OÄ ñWÙ

  Æ†WëœñU|œ X<W!ñW< s:Oï:Ëd"uOï «ñUîóÙÆ√         ñWë ˜U8

  ÊUïËd"uOï UO"«“Wì Uïdë Xfi< :u! X:OÙœñUJ!Æ»    vî:uOï«ñ:u| s:Oìu"

 †Wëœ :v!…ñUë :vë…ñWë«b|WÄ Uïdë ‰uÅÆÃ      :vïdë sO!«œ s:Oì:u"

   W|Uï:Ëd"uOï ©ñbBî® :ÈñWë«b|WÄÆœ   :vJAO" :ÈdÖñW!

    †W!œ Â«ñUz vë…u:OÅ » vîW¶fiO< UOîñWÖÆÁ   ñWëñU<

    ÆXOâ! ñW!˛ pAO" XOK:OÙUïÆË 5!;ñ:u"

Æ“     ñWìuî ≠ ñWJ|UÖ :Èd:Oîó!

Ũï:̨Ë;ñ‰:uÄ
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.4 s:OK|œñWÖ «ó:|ñ :ÈñWz ¨XO!œ ©dOÄ® ¸Uë „…d:O¶< :vî…œ ‰He s:OK|œñWÖ :u!HdO~:O3 » ÊU| s!œ r:Oë ÊU| s!œñ:Ë“ «b:|Ë UM"UNJ:OÄœ

Æ…b! p:Oì :u8 Uç<ñW! øsMOîœ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.5 Â:u|ñU! :ÈË » Ë ¨WîUîW" Wï U| Ë XO!WÙ XO!œ W| vëËUï UëWA:OëËUÙ :ÈñU8 ‰141- ÆXO!œ X<Ëñœ

  …“Ë +n0
14 +    ? +Ba65

141→n0
1 +U29

523

Æ√Ë vL8u" UL:OÙ ÆWJ!ñU|œ ©sOï«“® W?O?"U?ÙW?ï :v?O?"U?N?J:O?Ä U?ïËu?§?"ñW?ë :v?îW?ÙñW?!

    ÆWfi:OçM! :ÈË U¶<ñU! «ñUîóÙ Ë :vK|œñWÖ «ñUîóÙ

Æ»øsOï«“ WO"UÙWï :v| ÊËu§"ñWë :vîWÙñW! U|dO~:O3 :u! ÈWëœ ı UOMO! g:OÄ :u"

 :Èu:OÅ WJ4W<®2-12 :ÈñWÄô341 Æ©v!U"uè UëËu"ñWÄ˛

.6     Æ:vïUOfiOï WçJ:OÄ d:|˛ ‰ WMÑWëœ XO!œ p|uâ! s:|bOëËUï

Æ√   ÆsOï«“ WO"UÙWï :vL8u" :vÑUï UïdëñU|œ » WJ! Ë«ËW" X:OÙœ U| vëËUï UA:OëËUÙ

 ÆWfi:OçM! ÈË U¶<ñU! «ñUîóÙ Ë :vK|œñWÖ «ñUîóÙ Ë UL:OÙ Ë

  …“Ë +    ?→Li3
7H +1

3

Æ»UJ:OìñUë ‰ ÊUîWÙñW! U| v¶AÖ U¶<ñU! ‰WÖœ Èd|uÙ » :ÈË UïUçOÄ :vî…bì ¨XO!Uï ÊUfiëW| p:OìñUë s:|œœUî U| v¶AÖ U¶<ñU!

Ê«ËËœñWÙ gOë øp:OìñUë s:|œœUî U¶<ñU! Ë vîWÙñW! U¶<ñU! «ñW§ÑUïœ W|WÙ vÙ«œu3 vÇ:u! Æ«œ©√® «ñUO<dÄ œ È«œ ÊUAOï

  øÊUîWÙñW! U¶<ñU! ÊU| ÊUJ:OìñUë U¶<ñU! ∫…d"“Wî

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````
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 ñ:u3 WîWÙ UïËuÇ«b:OÄ
:ÈbïW!12

vëËUï UOLOë

∫ †ñuë Uç<ñW!      ∫…b! ÈdëñU|œ :vN3 ‰ s:OÙœ s:|ñUO<dÄ ñW< ‰ :vç<ñW!

.1:vïËW8 :vÑWz s:OÅœ vî…œñW< vÑ ‰ s:|ñWÖ UOLOë Æs¶|œ Èd:|“ :u! WÑ v<U<ñ ©rAèñuè® UM"ñUÙuÖ » ÊËW8 ÆsÑWë s:|ñWÖ UOLOë

 ©”U<ñ® :vLAèñuè UïUMOzñUJ! ¨sMO! tº!206-ÆXO!WÙ bMK! UëWïUOÅ uë :È“Wì :vë…d:OîUz ˛ ZïUîñUz W|dëuë :vëWK|œñWÖ vë…Ë

 ©”U<ñ® rAèñuè «b:O" uë ˜U~M:OÄ p:Oz «ñ«œñ :u! vëËUï UA:OëËUÙpb82
206

 :Èd:|“ «bOëËUï :u! s"ñUÙuÖ W¶:OÙœ206-:vÅœ ÆWfi:OçM!

  ÆvMO!ñUJ! U¶:O! s:OëuïW"

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2 Â:uOï«ñ:u| UïËu! †ñWë UJ:OìñUë235- ¨ kJ/mol10 10*2UïUOfiOï WçJ:OÄ UJ:OìñUë uë vî…œ ÈË ‰ ¨XOÅWÄœ :È˛

H1
1 kJ/mol8 10*6 ˛ p:Oá¶<…œ ñ«œdë gOë ¨XO!œ «b|WÄ235 g:u8 Uç<ñW! øX:OÙœ :È˛ d"“Wî Uë…“Ë vë…œœUî ñWÙ ˛

    Æ…b! p:Oì

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.3  ∫Wfi:OçM! X:OÙœ s:OJ:OìñUë :u! Ë«ËW" s:O| vëËUï s:OA:OëËUÙ

Æ√ Ê:u!ñUë12- 53:Ëñb|UÙ ‰WÖœ1- sO3:Ëd¶|Uï UM"UÙ p:OÄ :u!.13-

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ» Â:u|ñuë246- Ê:u!ñUë ¸WÖœ12- Â:uOK!:uï «œ ¨254-ÆsMO! p:OÄ ÊUïËd"uOï ñ«uÇ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

ÆÃ sO3:Ëñb:OÙ2- sO3:Ëñb:OÙ ‰WÖœ3- Â:uOKOÙ «œ ¨4- ÆsMO! p:OÄ UïËd"uOï p:Oz Ë

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.4  ∫Wfi:OçM! s:OÙœ s:OJ:OìñUë :u! Ë«ËW" U| vëËUï UA:OëËUÙ

Æ√Mo42
91

  Ævï:Ëd¶|“uÄ UMOÅWÄ d:|˛ ‰ W¶OÑWëœ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````
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Æ√He2
6

      Æ©†…œœ U¶:O!® U¶:O! UMOÅWÄ d:|˛ W¶OÑWëœ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Æ»Po84
194

    ÆUHìWz UMOÅWÄ d:|˛ ‰ W¶OÑWëœ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

ÆÃCs55
912

  Æ:vï:Ëd¶JOìWz UïdJKO!œ d:|˛ ‰ W¶OÑWëœ

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

 Æ:ÈË U"W§|U" UOÙôUÑ ‰ :v|ñUëd:Oî˛ UJ:|ñ UïdëñU|œ » b! X:OÙœ s:|ñUO<dÄ Uç<ñW! ∫ñUO<dÄ

.5``````````````````````````````````````````````````` UJAÄ ‰1 :u! :v¶<ñU! UO"UL:Oë uë XO!œ ñU|œ W" :u! «bO!U"uè UëËu"ñWÄœ0.03077 amu«“Ë ÈñW§ÑWÙ

 U| vëËUï UM¶<WÄ J–1210*4.54ÊUfiëW| :vëW¶<ñU! UO"UL:Oë ˛ X:OÙœ ÂWÙñW! UM¶<W! «“Ë ËWz :ÈñWz Æ

 :u! XO!0.015 amu     ø…bïWÇ

.6``````````````````````````````````````````````````` œ:u|131-  WïUfiëW| ÈË :vïWîW" WçOï8.0UM:|˛ñ s:OA:Oz U| Èñ«œ˛uï U|ñW<…ñUÇ :u! X:OÙœñUJ! ¨Ê« :̨Ëñ

 œu| :vïËuLï ñW< » X|ñu§! W| vÑb:OÄ s:| :̨Ëñ Ê«ËWz «ñUîóÙ Ævè…ñ…œ131- ÈË U¶<ñU! uë0.80 mg

 :u! XO!œ WÑ:ËdÅ U"WÙ ¨WJ!ñU|œ «œ vè…ñ…œ UM:|˛ñ ‰ XO§!0.10 mg   Æ

.7 ∫…Ë«ËW" Wï vëËUï ©ÊËu! †dÄ® UïËu§"ñWë UA:OëËUÙ :ÈñU8 ‰

 …“Ë +n0
1x +Xe54

141 +Sr38
90→n0

1 +U29
 238

Æ√ :v|UÙW!x         ÆWJ!ñU|œ «œ ÈñW< UA:OëËUÙ ‰

Æ» Â:uOßïËd¶<90- W¶OÙWÖœ ÈË :vïWîW" íOï ¨«œ ÈñW< UA:OëËUÙ œ v"UÙ ÂWÙñW! :ÈËWz28«ó:|ñ ÆÊüU<

 :vî:uOßïËd¶<90- v¶AÄ ø…bïWÇ «b|ñW!ñË…œ UÙW~M|˛ ‰ ÈUîWÑ84‰ X|ñu!œ Ë UïUMOz ÂWÙñW! ñW< » ¸U<

 ø…bïWÇ «œ vëËUï :ÈñWëUO"ñUë

Ũï:̨Ë;ñ‰:uÄ



 ÊUÙW~OèU" s:OïdJOèU"
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•UOMO§:O" Æ:vO~ïW<ËUÙ Uï«œô UïËuâJ:O" UëWïUAOï „…Ë †Wëœ Ê«Ë«dOÖ :v~ï…;ñ UM|;ñ:uÙuÖ

•UÑWï«bJ:OìÆ:vOK"UÅuì UîWM! UïdJ:OÄñUJ! :vO~ïW<ËUÙ :ÈñU! UïËuâJ:O"

•UOOMO§:O" Æ†Wëœ :u! :ÈËWï«bJ:Oì †Wëœ ‘W!ËUÙ :vï:u|Uz :ÈñUë

•vML:Oz ÊUMO£Nº! Æ†Wëb:OÄñUë :vO"Wîx< Ë

UJ:OìñUë :vïó:O!œ ˜üW!ñW! :vë…u:OÅ » Ë sÇœ :vïËu§îUîW" U"WÙ v|UOLOë s:OJ:OìñUë „…bMÙ

ÊU| …“UÖ ÊU| X:OÅ…ËUMìWÙ p:Oì WëW|…œœUî ÊUOO"UNîWÙñW! ˛ p:Oz uë sJ:OìñUë ËWz Ë ¨ÂUîW"

:vÑUO! Ê«Ë s:OO"UNîWÙñW! Ë Ê…œUïËËñ ÊË u! ÂUîW" Wï Èœ s:OJ:OìñUë „WìWÖ :vìW! ¨…Ëu¶AOï

v|U"…ñW< s:O| ÈdJ:OìñUë s:|œœUî Ë ÊWëœ :vJ:OìñUë d¶J:Oz ‰WÖœ uëñW! ¨sK:OÙUMNº! :vJ:OìñUë

s!œ Â«Ë…œñW! Wï«ËWâ:OÄ Ë Wï«ËW¶<«ñ UJ:OìñUë UO:|;ñœ uë sMOzœ p:OÄ :vëWO~ïW<ËUÙ Ë sMOzœ p:OÄ

Ë ÈdJ:OìñUë «;d! Ë g:Oë«dºïñW< UëWM|;ñuÙuÖ êOÙ vë…ñu3 » ¨ÊUfiëW| UëWO"«“Wì »

 Æ†…œUïËË;ñ «bïUO"UNîWÙñW!

¨v:OKïUÅuì U|UîWM! ÈñuÖ » Wëb:O"ñUë :vOîñWÖ U|WKÄ Ë v¶<W8 » @ïW<ËUÙ UJ:OìñUë

ÊU| :vëWO|˛dÖ ñWÙ Uïö:OÙWï Èu! ˛ †Wëœ :vï«œô «“W4 ¨«bO~ïW<ËUÙ ÈñU!œ „WîW¶fiO<

«ñWfiM¶fi8 ¨WïËuLï :u! :̈vOîñWÖ U|WKÄ ÊU| v¶<W8 UM|ñuÙuÖ » ñW< WM‹:Ozœ uë :vëWM¶ÅUçÖ

¨ËWz ˜…ñW! uë :vO~ïW<ËUÙ UO|dëñU|œ :vëWï«œô :ÈñWÖWz W¶O!œ ÆÊUO|dJ:OìñUë U|…b:|“ Uë…;d! ñWÙ

ñW< ‰ U| È˛dÖ È˛ :ÈËWz » Æ†…b!ËËñ «b:O" ÊUO"UNëWÙñW! U| d"…b:|“ Uë…;d! :v|ô

s:OOMO§:O" Ë v˘uëœWÑ @ïW<ËUÙ s:OîW¶fiO< „…bMÙ ‰ ¨«b:OïdJOèU" :vÑWzœ ¨XOMOîUï ÊU|ËœdJ:OìñUë

  Æv:OKO"UÅuì U|ñËU! ñuÖ ‰ ÈWë WÑ:Ë;dÅ :u8

Æ:u8 s:OJK3 Ë ˜UÇ UM¶<«ñUÄ :u! WÅ:uá! :vÙW~OèU" UÅ:uëñW! Ë e:|ñUÄ s:OJãUÇñW!

¨ñ«bÙWÖUz Ë :uA! XOÑWJ! W" s:OJK3 Ë X<…œñW! ñWÖWz Ë v|UOLOë :vëW|…œœUî ı WëWï X<…œ

 ÆWJ! :u8 :v|U¶fiîUî

ÆWJ! :u8 :v|U¶<:uîUî È“UÖ ÆXÅ v|UOLOë :vë…œœUî ñWÙ :vî…œ ñWÙ

:vïUMO£Nº! s:OïUAOï

ËËœ Ë«dë“UOMA:OÄ v"Uë

 Wï«Ë WÅW!

 p:Oá¶<…œ

  v"Wîx<

 v~ïW<ËUÙ  UïdJOèU"1

 ̃ Uï:̨Ë;ñ‰:uÄ
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 •COOH30.025 M CH•SCN4NH

 •COONa3CH•             Æñu< :vKO#Wî :ÈË…ñW<Uï :ÈË«dOÖ

 •40.1 M CuSO• ® ¸UÇ ¸UÇ :vëWÄ…œ24           Æ©¸UÇ

 •30.025 M FeCl•              Æ:vï«œWçJ:O" ÈWÅËuÅ UëWJAOÅ

 •3)3Fe(NO•           Æ„ñu~¶<…œ

 •1.0 M HCl•              Æ:vÙW~OèU" UÅ:uëñW!

 •KCl•            Æe:|ñUÄ s:OJã«ñW!

 •4HPO2K•                   Æ:vïdJOèU" UO|ñ:u!

 •0.025 M KSCN• ©sOÄ:u˘œ® ˜«ñ“ UëWëËóî 8             ÆWÇñUÄ

 •31.0 M NH

.1Æ:u8ñW! WJ! :vÅ:uëñW! Ë „ñu~¶<…œ Ë e:|ñUÄ s:OJãUÇñW!

.2 ÆvMO§! vÙUïU< » v~ï…;ñ UM|;ñ:uÙuÖ uë «œ vá< «“WäUë ñW< Wï«œ ¨¸UÇ ¸UÇ :vÄ…œ

UJAÄ1vÅW!ËUÙ :vï:u|Uz :ÈñUë

.310 Wëd< :vÅd" s:OÄ:u˘œM0.025…Ë…e:|;ñ ÂWëW| W¶:|Ë Wë…Ë Wë…ËWïUëW˘UÇ Wì p:OëW| …ñWJ!

Ë …ËW?ëW?˘U?Ç …Ë…ñW?J?! q?O?#W?î ÈñËu< È…Ë…ñW<U?ï È…Ë«d?O?Ö Û:u?˘œ „W?| …ËW?ëW??Ä…œËËñW<W??ì

 ÆWJ! ¸WJ:O" Wë…Ë«dOÖ

 ∫vMO§:O"```````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.4 UëËuâ! Uë…ñuK!COONa3CH  ÆX:OOìWæ! …ñuK! uë «œ …œ WçJ:O" vìWJ:O" Ë WJ§:O"

UJAÄ2‘W!ËUÙ :vï:u|Uz :ÈñUë

.53.0 mL40.1 M CuSO ∫«b|…Ë«dOÖœ :vï:u|Uz :̈vïdJOèU" UëWO|ñ:u! WJ! ¨
+2]4O)2[Cu(H

∫vMO§:O"```````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

 ‰WÄ uìWë Ë …œœUî

    ÈñUë UJ:|;ñ

©√® :Èu:OÅ

qO#Wî ÈñËu<
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.6 s:OÄ:u˘œ bïWÇ31.0 M NHÊu|Uz ¨XO!œ d:O" Ë s|;ñ:uÙuÖ W¶:OÙœ @ï…;ñ U"WÙ ¨vìWJ:O" WJ!

 «b|…Ë«dOÖœ
2+]6)3[Cu(NH     ∫

 ∫vMO§:O"```````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.7 s:OÄuìœ bïWÇ1.0 M HCl  ÆX|;ñ:uÙuÖœ @ï…;ñ Èuï ˛ ñW< uë U"WÙ WJ§:O"

 ∫vMO§:O"```````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.8  Æ…b! p:Oì :vOK"UÅËôU|ñ…ËU! UïdJ:OÄñUJ! :̈vëWïdJìWJ:O" ñWÙ ‘UÄ È…Ë«dOÖ :ÈñUfi8:Ë;ñ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

UJA!3 Æ©W"UNJ:OÄ® W¶:|ËUz vï:u|Uz UOO~ïW<ËUÙ

.95 ˛ p:Oz ñWÙ s:OÄuìœ30.025 M FeClË0.025 M KSCNU| :vºM:OÄ «e:|ñ ˛ :vëW˘UÇ WJ!

   ÆWJ! ‰WJ:O" vÅUÄ Ë vÄ…œ

 ∫vMO§:O"```````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.10 UÑU~M:OÄ œ :ÈË«dOÖ ÈËWz UëWÄ:u˘œ9ñWÙ :̈vÅWÅ «e:|ñ s:O˘UÇ ñ«uÇ ñWÙ WJ! ¨Èdë…œUîUz «œ

 » :vëWÄ:u˘œ20 ∫«bïüUÇœ WJ! Èó:OÑWz ¨WJ! ÊËË;ñ ÈbïUÄ:u˘œ Uçz s:OÄ:u˘œ

 üUÇ1 Uë…ñuK! ∫3)3Fe(NO üUÇ ¨2 Uë…ñuK! ∫SCN4NH üUÇ3 Uë…ñuK! ∫KCl ¨üUÇ

4 Uë…ñuK! ∫4HPO2K     Æ

 ∫vMO§:O"

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

1:̈ÈñW! s:O|«Ë s:ON3 WM|;dÑe! Ë WJ! óëUÄ :vÙW~OèU" :ÈñUë :vN3 Ë ÊôWÄ uìWë ËuîWÙ

WÑUz W|WëWï vëWOïWîUOLOë ı Ë ÈdJïUAOM¶<…œ :u! UïUîUz WJ! Ê«Ë«dOÖ Ë ÊUOOïWîUOLOë

:uA! óèUÄ :u8 s:O¶<…œ ËËœ ñWÙ ÈU¶<uîUî UïËu§|“«;ñ Ë ”dÄ :v! ÊUJï«bOì u8 ÊU|:Ë;ñ

  ÆÈWëœ ÂUîW" :u‹:|ñUë v¶AÄ Ë :vÙW~OèU" ˛ vÑWëñ…œ ÈñW!

ÊËu!ñUÖ“;ñ Ë ÊdëóëUÄ

   ÊU|:ËñWÅUÄ ˛



184

.1∫Ê«ñeÙ Uï«b:|dÖ :vÑUO!pH® ˛ ñu< :vKO#Wî :v|…Ë…ñW< Uï :È4.2 U"WÙ ©ñu< :v~ï…;ñ® ©6.2
 U?JAÄœ È«œËË;ñ U??| @ï…ñ U??M??|;ñ:u??Ùu??Ö ËW??z ¨©ñ…“ :v??~??ï…ñ®1:v??î…œ ¨ÈñU??ë U??J:|;ñ :u??! «œ

COONa3CH      Æ©XO<Wz® Wëd< :vÅd" :ÈË«dOÖ WO|dë

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2 ∫ÊUO|ñUOï«“ UïdëWÑ:Ë;dÅ

Æ√ :v~ï…;ñ
+2]4)O2[Cu(H øWOOÇ```````````````````````````````````````````````````````````````````````````````

Æ» :v~ï…;ñ
+2]6)3[Cu(NH øWOOÇ```````````````````````````````````````````````````````````````````````````````

.3 ∫ÊUO|ñUOï«“ UïdëWÑË;dÅ

Æ√ øÈËu!WÑ :vMOÅ :v~ï…;ñ :vfiî :È“:u˘Uz WO|dë UOï:uîWz :vî…œ ¨«œËË;ñ ı

Æ» ÆWfi:OçM! :vJ:OìñUë :ÈËWz UOO~ïW<ËUÙ UA:OëËUÙ

ÆÃ UïdJ:O" vÇ:u! WÑ…b§J:Oì :̈vOK"UÅuì UO|ñ…ËU! UïUMOzñUJ! »HCld:O" :vMOÅ :ÈË«dOÖ :v~ï…;ñ

 øÈËu!WÑ :vMOÅ :u! È;ñ:uÙuÖ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

4.∫Ê«ñeÙ Uï«b:|dÖ :vï:u|Uz
+3Fe :vï:u|Uz ¸WÖœ

–NCS :È“:u˘Uz :vï:u|Uz
+2[FeSCN]» uë

 :vïu|Uz UM"UNJ:OÄ U~ïW<ËUÙ UA:OëËUÙ ¨Êdë«b3 W¶:OÙœ d:O" :Èñu< :vëW~ï…;ñ
+2[FeSCN]¨

 ÆWfi:OçM!

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.5∫UïUM"ËWëñ…œ :u! ñW< ‰ vO:|œW§:|;ñv~ïW<ËUÙ :v8ËœËñU! ñWÖWz X:OÙœ «bOëWîWÙñW! ñW< » ı

 ∫«bï«ñU! ÊUÑWzœ È;ñ:uÙuÖ

Æ√ s:Oï:u|Uz «ñW< UM¶fi‹:Oz
+3Fe v˘UÇ®1       Æ©

Æ» s:Oï:u|Uz «ñW< UM¶fi‹:Oz
–SCN v˘UÇ®2     Æ©

ÆÃ s:Oï:u|Uz «ñW< UM¶fi‹:OzKCl v˘UÇ®3 Æ©

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

Ë ÊdëWÑ:Ë;dÅ

   WÑWï«bJ:Oì
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   v¶AÖ s:OM¶ãWëñ…œ :u!.1∫ÊUM¶ãWëñ…œ :u! ñW< ‰ v:|œW§:|;ñ‰ Ë s!œ d¶|ñU" :È :̨Ë;ñ UOO"«ñW§Ñ uëWÙ :vÑU"W4 s:OJÑUÇñW! „bMÙ

s:|d|uÙ s:|ËuK! WM|dJ¶<Ëñœ :vëWÅuÅ ˛ :vÑU"W4 s:OJÑUÇñW! ˜Wz s!œ d¶ïËË;ñ :ÈñW§O< ñW!

¨XO?ÑW?ëœ ÊËË;ñ s:|ñu?K?! Ê«ËW?z ñW?§?Ñ vAÑW?M?! ñË˛ U?JAO?" :v?î…œ ¨W?|«b:O?" v?ç?|“ :Èb?|ñu?K??ë

   ÆÈñ:uKë s:OK|œñWÖœ ‘…;ñ :vç|“ s:OK|œñWÖ :u! X|;ñ:uÙuÖœ vç|“ :Èb|ñuKë

0 + Cl0Ag
V°ƒA

←→AgCl

WÖœ ÆXO!œ «b|WÄ vç|“ :Èb|ñuKë Èœ Uë…ñU3 Ë XO!œ Wï«ËWâ:OÄ v~ïW<ËUÙ «b:|ñW§O<œ

Èdë…œUîUz …“U" :v| vç|“ :Èb|ñuKë :vî…œ ¨†…œUïËË;ñ «bï«Ë«dOÖœ WOO~ïW<ËUÙ ˜Wz Èó:|bMÙ

œ uë …ËWz ñWÙ WJ:OìñUë ˜Wz Èó:|bMÙ ‰WÖœ ¨XO!œ ‘…;ñ :ÈË :v|ËË;ñ :̈vÑU"W4 UOO"ñW! W¶OÑWëœ

WJ!WÑË;dÅ XO!Uï Wï«ËWâ:OÄ :ÈñU3 :vÑWz ¨…ñUO¶<WÙ vÙUïË;ñ uë †…œœ ËË;ñ «b:OÑU"W4 s:OJÑUÇñW!

  ø©Wï«b3 ÊUîWÙñW! :ÈñW!ËñË…œ Ê«ËWÇ ¨«bï«ñU! ËËœñWÙ ÊUÑWz œ vMO§:O"®

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

2.∫ÊUM¶ÑWëñ…œ :u! Uïd?ëW?Ñ:Ë;dÅ¨†«œ…œ ËË;ñ Ê«;ñ:u?Ö ñ:Ë“ ¨«b:O??ïd??J??O??èU??" :v??ÑW??z s:OÅW??! :v<ñW??Ùœ

  Æ†WJ! †ñuë ÊUM|;ñ:uÙuÖ ÊUÑWz ËuîWÙ ¨Wfi:OçM! :vëWM|d!ñ…œ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

 vëUïË;ñ



186

•v¶<W8 :v| d¶|œ :vJ:O£! ñU|œWï v¶<W8 :v| Â:uOï:Ëñb|UÙ :vï:u|Uz s:|Ë«dOÖ U| :v!…ñUë UïbïUÙWÖ

 «dJÅUzÆ†Wëœ œñË«ñW!

• :vïbïUÙWÖ…b:|dÖ  Æ«b|…Ë«dOÖœ WçïUï:u|Uz UO¶<W‹!

• UO¶<W8aK “«Ëô Ë e:ON! :vÅd" s:O<UM:OÄ í|Ëbì «bOÑUz s:|Ë«dOÖœ Æ†WëœWÑ«ñ

•:v|UÙW!
+O3H :vJ:ONO< vÅd" :u! v<Ëuï…ñ :v| Æ†WëœñUîóÙ

•UïUMO£Nº!   Æ:vO"WîôW< Ë vÙUML:Oz s:|ñU|dë

 [vÅd" UïUÅ…uìWNJ:Oì :Èd~:O3aK«b:OÑUz vîUîW¶! e:ON! sOÅd" ÆWOOÅd" ÈËWz «e:OÙ :ÈñWçOÄ

 :v|UÙW! ÈËWz UîËWì Ê:u|Uz W¶O!œ „WÅW! :vM¶! “«Ëô s:OÅd" uëñW!˛ Ë Æs:OOÅ…uìWÙœaK:ÈñWçOÄ

:vM¶! “«Ëô s:OÅd" uë ñW!˛ Ë Æs:OOÅ…uìWÙœ «b:OÑUzœ vîUîW¶! e:ON! sOÅd" ÆWOOÅd" ÈËWz «e:OÙ

 :v|UÙW! :ÈËWz UîËWì Ê:u|Uz W¶O!œ „WÅW!aKUïUOA! XAÄ s:O"WK8U<Wz Ë ÆÈWÙ :v| :ÈñU|œ :È

UïUçOÄ :u! s:OÅœ :vïdJî:uë s:O"WK8U< Ë :v!…ñUë UïbïUÙWÖ „…Ë ¨s¶<W!œ Wç:OïËu§ï:u|Uz :u! :ÈœœUî

 : :Èd~:O3aK   ÆsMO!ñUJ!

 vJ:ONO< :vÅd" :vë…Ë«dOÖ UïbïUÙWÖ «b:OïdJOèU" :vÑWzœ1.0 MCOOH3CH:vëWÅd"®

 p|ñuKë:Ëñb|UÙ :vÅd" s:|Ë«dOÖ UïbïUÙWÖ ‰WÖœ ©…“«ËôHClWO¶<W8…dã Ë ©…e:ON! :vëWÅd"®

s:Oï:u|Uz UO¶<W8 v:OÅ :Èœ u" ¨È…œ ÂUºïWz :Èœ s:O|œñË«ñW! Ê«Ë˛ ÆÈWëœñË«ñW! p:OÄ :Èœ

 ÈË Èd~:O3 UM¶|œWÑ vÅUÄ Ë vMOKîW8 «b:OJ:ONO< vÅd" :ÈË«dOÖœ Â:uOï:Ëñb|UÙaK Æ

UM¶<«ñUÄ :u! :u8ñW! WJ! Â«Ë…œñW! :vÙW~:OèU" :vJ¶OìWîË u8 s:OÑUÇ WJ! :vM¶<«ñUÄ s:OJÑUÇñW!

 Æ:u8 s:OJK3 Ë ˜UÇ

Ë ÆËuA! v|UOLOë s:|œœUîñW! WM"Wë W" s:OJK3 ÊU| W" s:O¶<…œ ñWÖWz Ë v|UOLOë s:|œœUî ı WëWï X<…œ

 ÆÈU¶<:uîUî …ó:O!

ÆWJ! ÈU¶<:uîUî È“UÖ XÅñ v|UOLOë :vë…œœUî :v¶8…Ë ñWÙ

 • p:ONO< vÅd"COOH3 CHM 0.1•            Æ:vïbïUÙWÖ UïdJOèU" s:|dOîUz

 • p|ñuKë:Ëñb|UÙ :vÅd"1.0 M HCl•                 ©fMOKë® :È“WäUë s:OJOãWë

 •® ¸UÇ…;dã UëWOM:O<24 ©¸UÇ•               ©ñ…bJáÇ® ˜«ñ“ s:OJA:Oî

 • Æs:OÄ:uìœ UÑUz

:vïUM£Nº! s:OïUAOï

ËËœ Ë«dë“UOMA:OÄ v"Uë

 Wï«Ë WÅW!

 vëWA:OÄ

 v"Wîö<

 W¶<…ñWë Ë …œœUî

UM¶|œWÑaK©p:ONO<® Wëd< :vÅd" :v|  UïdJOèU"2

 ̃ Uïñ«ËñW!‰:uÄ
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.1 s:OO¶<W8 UïdëñUî:u" :u! WMO!ñUJ! :ÈñU‹ì :v¶A8HCls:O|œñË«ñW! Ë vMO§:O" Ë ¨«b:OJ:Oz UM|u¶< ‰

 ∫«b:|Ëœ UM|u¶< ‰ È˛u8

.1 :ÈË«dOÖ s:O|WïËuLï bïWÇ1.0 M HCl :ÈË«dOÖ ËCOOH31.0 M CH ÆWJ!…œUîUz

.220 s:OJáÇHCl Ë :̈vOM:O< ©s:Oëñuè® s:O˘UÇ ˛ p:Oz WJ!20 s:OJáÇCOOH3CHWJ!

 Æ©WJ! ÊUAOï® WJ!ñU|œ Ê«Ë ˛ p:Oz ñWÙ :vN3 Ë ¨d¶|œ UëW˘UÇ

.3 UïbïUÙWÖHCl ËCOOH3CH:ÈdOîUz UOOÙUïËñ UMO" ¨WJ! vèU" :vïbïUÙWÖ UïdJOèU" ÈdOîU£!

:vïdJOèU" :ÈdOîUz s:|ñWfiîW3 :vïdJOèU" vÅUÄ ÆWfi:OçM! vë…Ë«dOÖ ñ…œ :u! v|…ó:|ñ U| :vïdJOèU"

 ÆWJ! pAÙ vJOãWJ! Ë :uA! s:OÄ:uìœ UÑU£!

.46  :vJ:Oz ñWÙ :vOM:O< s:OìUÇ18 s:OJáÇ ËËœ Æ:vë s:OÄ:uìœ UÑUz s:OJáÇ1.0 M HClWJ!

 WM§!«œ :vJ:Oz üUÇ20È˛ ËWz …bìWJ:O" ‘U! :vìUÇ :vÑWz s:O|W"UNJ:OÄ ÆÈ…Ë«dOÖ s:OJáÇ

   Æ:vìUÇ WJ! d¶|œ Uë…ñU3 Ë …ó:OL! vëËËó:Oîó:OL!

.5ôUÇ WJ! Ë :vOA:OÄ :v| ÈdJïËËñ :ÈË«dOÖ s:OJáÇ ËËœ UM"dÖñ…Ë » WJ!…ñU!ËËœ :ÈñU|dë :vÑWz

 «ËWz d:|œ18WJ! d¶|œ Uë…ñU3 «b:OëËËó:Oîœ ÈUM|WïñUJ! :ÈË«dOÖ ËWz vÅUÄ Æ«b:O" vÑUz s:OJáÇ

     W"Wëuï®Æ…b! ‰WJ:O" Èuï UëWëËËó:OL! Èuï :ÈË«dOÖ ÆÈd! :È˛ ‰UÇ :ÈËWz1.0 M HCl

 Ë ¨W|WÙ «œ :ÈËœ UÑU~M:OÄ ôUÇœHCl0.10M Ë ¨«b:OJ:Oz U|dJïËËñ üUÇœ0.010 M HCl

Æ©WïWÙ «b|ËËœ U|dJïËËñ ôUÇ œ

.6í|Ëbì :vïdJïËËñ s:|ñU|dë ‘WÅ W¶OÙW~! uë U" vJ:|ñ :vÑWz » «b:OïdJïËËñœ W§î«Ë…œñW!

 :v|UÙW! Wëuï Æp:Oz]+O3[H ‡! uë «bOë…ñ«u! «ñW§ÑUïœ WMÑWëœ1.0 M‡! Ë †Wëœ :vÄ X<…œ

 M6– 10*1.0«bïUMï«e:OÄ :v| :u8 :v¶A8œ «b:OJ:Oz UM|u¶<bïUO¶<W8 s:O|UÙW! ÆX:OÙœ vÙUîËœ

   ÆWfi:OçM!

 Êdë…œUîUz

 ÈñUë UJ:|ñ

UO¶<W8HCl ÈœñË«ñW! Ë vMO§:O"

 ÊUMOï«e:OÄ :v¶A8
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.7 WM:O˘UÇ Ê«ËWz Ë ¨WMO!ñUJ! :vïbïUÙWÖ UïUçOÄ :ÈdOîUzHClv¶<W8 s|d"“ñW! ‰ e:|d! WJ§OèU" «b:O"

:ÈËWz » WJ! œñË«ñW! Ë WJ! :vïdJOèU" :ÈdOîUz UÄuKë UïËu§ÅWÖ UOMO§:O" Ë Æv¶<W8 s|d¶îeï U"

:vïdë ÈœñË«ñW! :u!˛® Æ«b:OJ:ONO< :vÅd" :ÈË«dOÖœ WïWëœ ÈdOîUz Uî…œ †…œb|Ëñ UïËu§ÅWÖ

s:O|ñUO¶<WÙ :vëWïdJOèU" ñWÙ v¶AÄ Æ©WJ!…ñU!ËËœ «bOëWî…œ ñWÙœ vJ:ONO< :vÅd" s:OïdJOèU"

UïËu§ÅWÖ ËWz uëWÙ ÆWJ! pAÙ È“WäUë UJOã WJ! Ë :uA! s:OÄ:uìœ UÑUz » :vïdJOèU" :ÈdOîUz

 s:|Ë«dOÖ ˛ p:Oz ˛ ©UOÙUïËËñ®HCl:vÅd" ˛ «ËWz XO! :vïËu§ÅWÖ :ÈËWz vJ|e:Oï XOÑWëœñ…œ

ÊUîWÙ vJ|e:Oï Ê«Ë«dO~ë ËËœñWÙ uë ÈWë ÂUºïWzñ…œ v:OÅ :Èœ ¨XOÑWëœñ…œ :vJ:ONO<

 Ë XO!WÙ Ê:uOï:Ëñb|UÙ s:Oï:u|Uz UO¶<W8 pH ÈË«dOÖ :ÈHCl ÈbMÙpH:ÈË«dOÖ :È

COOH3CH:ÈñËË˛ s:OÄuKÖ s¶|œ W¶:OÙWï uë XO! r:Oë U| „WìWÖ :vÄ:uKÖ UOÙUïËñ ñWÖWz Ë ÆW‡

   ÆWJ! X<Ëñœ :vïbïUÙWÖ :ÈdOîUz UÄ:uKë ñËËbì :vë…œñWÄ ÊU| WM|dîW¶!

.8 UëWO¶<W8 ñWÙ UïdJMO§:O" UJ:|;ñ » WJ!ñUîu" ÊUîUºïWzHClUïËu§ÅWÖ ÈñWÖWz W¶O§! uë

:vJ:ONO< :vÅd" ˛ XOÑWëœñ…œ UMO" ËWz ‰WÖœ XO! ÈUºïuÖ U|d¶Ä ÈË UMO" vëW~ï…;d! :̈vÄ:uKë

 UëWO¶<W8 êOÙ :ÈñWMOÙWÖ ñWÖWz ∫vMO§:O"®HClvÅd" :ÈñWMOÙWÖ ‰WÖœ Ëd! ÈUºïuÖ U|Wï

 s:OO¶<W8 ËËœ «ñW§ÑUïœ ÈUºïuÖ d¶Ä :v|UÙW! vî…œ ÈËWz ‰ :vJ:ONO<Hd ÆWMOKîW‹! «œ

1:vN3 …d:OÖWç! ÊôWÄuìWë Ë ÆWJ!óèUÄ :vÙW~OèU¶ì u8 :ÈñUë :vN3 Ë W¶<…ñWë vîWÙ

UOïWîUOLOë ı :ÈbïWÇ :ÈËWz :u! ÈdJïU8ñW" :vïUîUz WJ! Ê«Ë«dOÖ Ë vïWîUOLOë ÆÊ«Ë

ÆXO!Wï ÈU¶<:uîUî UO|bïWî…“«d! ñWÖWz v|U<Uz :vA:OKÖ :vN3 WëWï Ë :Èó:OÑUz …ó:|ñWï

 ÆvÑWëñ…œ :vÙW~OèU" ˛ ÈñW! Ë ÈñUë UïdJîUîW" v¶AÄ ËuA! ‘U! :u8 X:O¶<…œ

.1∫WJ!W?Ñ«ñ ÊU?O?Ù«œu?3 ∫:ÈË«d???O???Ö U???ïb???ïU????ÙW????Ö1.0 M HCl:ÈË«d?????O?????Ö Ë

COOH31.0 M CH       Æ…b§J:Oì :u8 Uç<ñW! Ë ÆWJ!œñË«ñW! p:OÄ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2∫ÊUMOï«e:OÄ UM¶fi‹J:|ñ UO¶<W8
+O3H ÈË«dOÖœHCl:vJ:ONO< :vÅd" UïbïUÙWÖ ‰WÖœ uë …bïWÇ

 øs! s|d"ËuºÑWÙ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

   ÊËu!ñUÖ“ñ Ë ÊdëóèUÄ

  ÊdëWÑ«ñ Ë ÊdJOÅ
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   ñU!ñW<

v¶AÖ s:OîUºïWzñ…œ

.3∫ ÊUîUºïWzñ…œ UïdëW¶8uÄ UO¶<W8
+O3H :ÈË«dOÖœCOOH31.0 M CH  øvÇ:u! ø…bïWÇ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

1∫ÊU|WïËuLï UïUMO£Nº! :vÅd" UïËu§ï:u|Uz :Èd~:O3 UM|;d!ñ…œCOOH3CH          ∫W|WÑWz

COOH]3[CH
––––––––––––––––

]–OOC3HC[]+O3H[
 =aK

 :vÖ;d!œ Uç<ñW!3 UM¶|œWÑ u! WMO!ñUJ! «b:OïdëWÑ«ñ Ë ñUJOÅ :v|aKÆ:vJ:ONO< :vÅd" :ÈË«dOÖ :v|

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2∫ÊU|WïËuLï UïUMO£Nº! :ÈË«dOÖ «ËWÇ ¨WJ!WÑ«ñHCl :ÈË«dOÖ ËCOOH31.0 M CHs:OÅœ

 ø«bï«ËUO¶<W8œ UOÙ«œu3 ‰WÖœ ÊWJ!ñU|œ ÊbïUÙWÖ ÊUîWÙ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.1∫ÊUJ:|ñ UïbïU~ïW< :v|UÙW! «ñW§ÑUïœ WJ! :v|œñË«ñW!Ka:v|UÙW! ËWz Ë v¶fi‹:Ozñ…œ W" ÈËWz

 v¶A8œ2-7 :ÈñWÄñW! «œ202:vÑWz UOÅUÅ «e:|Ë«ñWÄœ ÈœW< «ó:|ñ ÆÈWÙ «œ v!U"uè UëËu"ñWÄ ˛

  ÆW‹:O!ñ…œ vïdJOèU"

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

]–COO3][CH+O3[H
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2.∫ ÊUîUºïWz UïdJMO§A:OÄ :v|UÙW!aK pO¶ëô :vÅd" :v|3HOOCCHOHCH W¶O!œ
–4 10*1.4

d¶L:Oë U| ÊU|d¶Ä UëWïËu§ÅWÖ ÈñWÖWz W¶O! :Èœ pO¶ëô :vÅd" :vë…Ë«dOÖ :ÈñWz WJ! sO§A:OÄ Æ

:Èœ vÙ«œu3 ÆXO!WÙ v¶<W8 ÊUîWÙ uë :vJ:ONO< :vÅd" :vë…Ë«dOÖ ˛ :vïbïUÙWÖ :ÈdOîUz :u!

 øXO! ˜UÇñW! U| bïWÇ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````
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• vî:u|œu< :Èb|ñuKë :Èd:O" :vë…Ë«dOÖÆ†Wëœ …œUîUz

• vî:u|œu< :Èb|ñuKë UO¶:O|…ËWï«u"Æ†Wëœ ñUî˛WÙ

• vîu|œu< :Èb|ñuKë :v|…ËWï«u" :vîUºMz :Èd~:O3Æ†WëœñU|œ

•:Èd~:O3 Æ†WëœñU|œ vîu|œu< :Èb|ñuKë :v|…ËWï«u" :vîUºïWz

• Æ†Wëœ ÊËËñ «œd:O" :È…Ë«dOÖœ ‘W!ËUÙ Uïu|Uz UïdJ:O" :ÈñUë ÈñU|dJ!

•   Æ«œ ÈñUëœ :vO"Wîö< Ë :vOî«ñUz UïbïUÄW<

Æ«œ Èdëñ«œ UOOîñWÖ öÄ :ÈËœ W|«b:O" È…Ë«u" ˛ ;d! Êd";dßÄ d:O" :ÈË«dOÖ ¨«œ :vO~ïW<ËUÙ :ÈñU!œ

uë È…Ë«dOÖ s:Oïu|Uz :vë…ñ:uº! ¨W|«b:O" …Ë«u" Wï :vè…ñ ˛ …b:|“ Uë…;d! ¨d:O" s:|…Ë«dOÖ W|U<Uz

ÈË :vfi4W! uë :vO~ï…ËUÙ :Èd~:O3 ÈË » Æ«œ…Ë«u" Wï :vè…;ñ ‰WÖœ Wï «œ :vO~ïW<ËUN:|ñU!œ

  :v|…ËWï«u" :vîUºïWz :Èd~:O3 :vïó:O!œ †Wëœ ÈñU!spKË ÊUfiëW| WÖñU! s:Oï:u|Uz ˛ È:u‹! uë ¨

 ÆX:OÙœ p:OÄ «œ:u3 s:OïUAOïspKUO¶<W8 WëWÙ Uº:OÑ ¨XO! :Èœ …Ë«u" s:Oï:u|Uz UO¶<W8 :vîUºïWz

  :v|UÙW! ˛ uJïUz ¨X:OÙœ p:OOÄ d:O" :ÈË«dOÖ uë ÈñW! dë…b:|“ :vëWï:u|Uz ñWÙspK:vì :Èœ

:vïó:O!œ :ÈbïWÇ :vç! ¨@ïW<ËUÙ :vë…Ë«dOÖ Uïdë«b|WÄ U"WÙ Æ†…b|ËËñ :Èœ s¶AOï Ë X|ñ:u!

 Æ‘W!…ËUÙ Uïu|Uz :ÈñUë

 vî:u|œu< :Èb|ñ:uKë :Èd:O" :vë…Ë«dOÖ ¨«œ :vïdJOèU" :vÑœNaClöÄœ Êdë…œUîUz W¶:OÙœ

¨Ë X|d:Oî˛WÙ :Èœ «œ È…Ë«dOÖœ :vëWïu|Uz ñWÙ d¶OìØ :̧uî » :vO¶<W8 Ë ¨«œ :ÈñËË˛ UOOîñWÖ

 ¨XOfi:Oçï œ :vO~ïW<ËUÙ :Èd~:O3 U|bï…u|WÄspK :ÈNaCl:Èœ «œ :ÈñËË˛ UOOîñWÖ öÄœ

 UïdJ:O" UïdJ:|ñUë Ë †WëñUî˛WÙ7O5H6C3Na :ÈË«dOÖœNaCl   Æs¶|œ W¶:OÙ :Èœ «œd:O" :È

   Ë qÇ Ë ˜UÇ :vM¶<«ñUÄ :u! :ÈñWJ! :vÙW~OèU" ©:vJ¶OìWî® :v<«dë Ë :vM¶<«ñUÄ s:OJãUÇñW!

 ÆW" :vÖñW!

:v|U¶<uîUî U|ñ«bÙWÖUz Ë uA! Ê«Ë v¶ãWë W" s:OJK3 Ë X<…b! ñWÖWz ¨v|UOLOë s:|œœUî ı …œWï X<…œ

 ÆWJ! :u8

 Æ…b! :ÈdÖ ó:|ñœ Ë …dã s:OJK3 UMOzñUJ! W" :ÈeïW! U|ñ:uÖ ñWÖWz

 Æ«œUJO|UîñW! U"W!W< œ …ó:OÑUÙ Wï v¶<WJÅ s:OAOÅ «ñU3 ı

:vïUMO£Nº! s:OïUAOï

ËËœ Ë«dë“UOMA:OÄ v"Uë

 Wï«Ë WÅW!

 vëWA:OÄ

  v"Wîö<

 :v|…ËWï«u" :vîUºïWz :Èd~:O3  UïdJOèU"3

 ̃ Uïñ«ËñW!‰:uÄ
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 • vÑUz vî:u|œ:u< :v"«dO¶<O2•2H7O5H6C3Na• :vïdJOèU" s:O|ñ:u! mm 52*mm 001

•NaCl•          :vïUA:Oë «“WäUë

•     È“«ñW"•              ÆÊeïW! È;dÖ È…œñ«ó!

•ÈWAOÅ :ÈñWJO!150 mL È2 †Wë•             ÈË s:OOÑb:OÄ s:OìWÄuìWë Ë ÊeïW! U|ñ:uÖ

 •        ©:vïUºMã UJ<UÖ® :v"Ë :v|W"dÖ•              Wï“U! Ë v|Wï“U! :Èd~ìWÙ

 •         Ë«dM:OÄuìœ ˜Uz•         X<«ñWÑUï v|«eïUë Uë…ñu"

 •        :vïbïUL˘WÙ vïUîUz• ¨Êdë vÅUë2            †Wë

 •          :vï«œWçJ:O" :u! ÈWAOÅ UëWJAOÅ•       vïdJîñWÖ :vÄ…œ

 • ¨Èdë WKÄ WKÄ UëWO|ñ:u!10 mL          È • p|Ëuâ! :vëWJâÑWë

.1 Æ:ÈñWJ! vJ¶OìWî Ë Uëñu~¶<…œ Ë :vM¶<«ñUÄ s:OJãUÇñW!

.2s|d¶ÅU! «œ :ÈbMÙ :u! ÆÊóèUÄœ ñ:Ë“ W" s:OìWÄuìWë uë v! X<«ñ XAÄ :v| UOÑœ ¨«œ ÈñUë vÑ œ

ÈWëñU< :vïbïULìWÙ :vïUîUz UOÑœ XOÇWï W"«dO! ÆÊUïUÅ n|ËËbì sÑWJ! W" X<…b! ÂUºïWz

 ÆÈË U¶<ñU! UïUçOÄ ÈñW!

:v|Ë“W" U<…ËñWÙ Æ:v¶MOÙWÖ :Èœ :vïU|“ vJïuÇ :v|“«ñW" ñW< Wï«œWï vîñW~! :vïbïULìWÙ :vïUîUz ¨«ñU3 ı ∫vMO§:O"

Æ«œ :ÈË U¶<ñU! UïUçOÄ œ WìWÙ W¶O! :Èœ ÂñWÖ :v|«ËWÙ

.3 :Èd:O" :vë…Ë«dOÖ «œ :vë…ñWJO!œNaCl :u! :È:u8 UïdJ:O" » ¨WJ!…œUîUz25 mL¨Ë«dM:OÄuìœ UÑUz

…Ë«dOÖ uë U"WÙ …œ WçJ:O" Â«Ë…œñW!

Ë XOMOìW4 » Èœ UëW|:u8 X:OÅWï

ÈñWJO! :vM!œ ‚…;ñ U|:u8 „…bMÙ WOÑb:OÄ

WM:|“dÄ d:O" :ÈË«dOÖ ¨XOMOL! «œ

W! X<«ñ XAÄ Ë ¨«œ Èœ :vëWïUîUzœ

Æ:ÈñU8 WO"UÙWï «œ ‰WÖœ ‚…ñ :È:u8 :uë

WJOìU8 v|Uî :ÈË«dOÖ Ë …b:|“ UO:|:u8 «;d!

:vÑUz U| ñ:Ë“ Uë…;d! Ë Æ:vÑUz UM¶Åñ :vN3

 Æ…ó:|d! «œ ‰WÖœ

.4:vïbïULìWÙ :vïUîUz Ë WMO!ñUJ! :vJ<WÖ

Ë WçOÄ :ÈË :v¶<ñU! Ë :v|“«d" ñW< Wï«œ

 UOJ|e:Oï U"WÙ0.01 g:ÈË :v¶<ñU! Ë ¨

  ÆWJ!ñUîu" «œ v|W¶A8œ

.5WKÄ WKÄ U| :vOïdJOèU" UO|ñ:u! UïUMOzñUJ! »

 UJ|e:Oï ¨Èdë10.0 mL:vëWO:|u8 WÑUz

s|d¶J|e:Oï U"WÙ :ÈË :ÈñU!Wè Ë WçOÄ »

0.1 mL :v¶A8œ®1-WJ!ñUîu" «œ ©

 :ÈË«dOÖ WJ! :v|WïËuLï :vÑNaCl:È

  Æ«œ :vïbïULìWÙ :vïUîUz œ d:O"

  ‰WÄuìWë Ë …œœUî

  ÈñUë UJ:|ñ

:vïbïULìWÙ :vïUîUz

UO|«eïUë «ñu"

vÅUë X<«ñWÑUï

U|ñ:uÖ

dë

s:OÅœ “«u8d:OÑ

Uïdë ÂñWÖ :vî…œœ

:Èd:OÑ ‰ «œ vïUîUz

  ÆÊWJ! r:Oë ÈdÖUz

 ©√® :Èu:OÅ
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.6Ë :vIìWz WOÑb:OÄ ¨Wï«œ ©√® :Èu:OÅœ vë…Ë vïeïW! U|dÖœ Ë …b:|dÖ Wç|d~ìWÙ » ©v|WIìWz® :vï“U!

:vïbïULìWÙ :vïUîUz Æs! :v|ñuÖ ñË˛ ‰ Uë…d"WL¶ïW< bïWÇ uë vM|ñ“Wî«œ WçJ:OÄ v|«eïUë «ñ:u"

 :ÈË«dOÖ Èb:OÙ ¨WJìWÙ ÈdÖUz Ë Wï«œ v|«eïUë «ñu" ñW< ‰NaClWÑôW! Wï uë «œ WJ! ÂñWÖ

s:|ñËuK! Ë rìWÙ W¶O!œ ˜Uz vîWÙ uë U"WÙ …ñWÙ :vïdJîñWÖ ñWfiì W! Â«Ë…œñW! :v| ¨X|ó:|d! Ë

 Æs!œ pAÙ È˛ s|Uî

.7UëW|ñuÖ uë :ÈbMÙ :u! WJ! „UÇ :ÈdÖUz ÆsJAÙœ uë s¶ãWë…ñ…œ U<…Ë v|Uî s:|ñËuK! ñWÖWz

 ¨XO! «b|WÄ eë10d:|óì Èb:OÙ Èb:OÙ Ë …d~! vïeïW! U|ñuÖ :vM! ÆWJ! ÂñWÖ È˛œ s:OëWìu8

 ÆXOâìWÙWï uë ÈbMÙ :u! W!“WK! UïdJîñWÖ :Èñ«œWÖUz ¨WMOçì » :vïbïULìWÙ :vïUîUz

.8vÅUÄ ¨Ë XO!œ ñU< uë †WÙ WK:ON! ÆWï«œ ÂñWÖ :v| :vïbïULìWÙ :vïUîUz Ë ¨sO!ñUJ! :vJ<Wë

 s|d¶J|eï U"WÙ v|Uî :vè…;ñ :ÈœœUî Ë :vïbïULìWÙ :vïUîUz :v¶<ñU!0.01 g:v¶<ñU! ÆWJ!ñU|œ

 :v¶A8œ1 ÆWJ!ñUî:u"

.95.0 mL :Èd:O" :ÈË«dOÖNaCl Æ:vïdJOèU" UëWO|ñ:u! WJ! Ë WçOÄ »

.10 vJ|e:Oï „Ëuâ! „WJâÑWë UïUMOzñUJ! »0.50 gO2•2H7O5H6C3NañW< Wï«œ

 ÆWJ!ñUî:u" «œ ÊUO|ñUOï«“ :v¶A8œ X<«ñ :v¶<ñU! :̈v|“«d"

.11O2•2H7O5H6C3Na ÆWJ!ñUî:u" :u8 s:OM|d:OM:Oì ¨WMOIKÅ Ë :vïdJOèU" UO|ñ:u! WJ!

 ∫vMO§:O"```````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

1 :È;d! Æ:vÑUz s:OOMìËu< W|WJ! Ê«Ë«dOÖ vîWÙ v:OÅœ «œ :vïdJOèU" :vÑœNaCl

  ÊU|O2•2H7O5H6C3aN:u! W" :v|U¶<uîUî uë UJ|UîñW! s:ON3 Ê«Ë WJ!

      Æ†Wëœ ÊU8ñW"

.1∫ÊUO|ñUOï«“ UM¶fi‹J:|ñ :v¶<ñU!NaCl:v¶<ñU! Uïdëñ…œ :vì » :vïbïULìWÙ :vïUîUz Ë pAÙ :È

 Ë :vïbïULìWÙ :vïUîUz :v¶<ñU! ˛ :̈vïbïULìWÙ :vïUîUzNaCl  ÆXOÑWëœ X<…œ :È

.2∫ÊUO|ñUOï«“ UM¶fi‹J:|ñ v :̆uî U¶<ñU! UïdëñU|œ :u! WMO!ñUJ! vì:u8 ÈW¶A8NaCl«ñUî˛ vÅUÄ ¨

 s:Oì:uîNaCl   ÆWJ! «ñUî˛WÙ :vïbïULìWÙ :vïUîUzœ È

ÊËu! ñUÖ“ñ Ë ÊdëóèUÄ

   ÊUJO|UîñW! ˛

  ÊdëWÑ«ñ Ë ÊdëWÑuKÅ

 s:O|ñUOï«“ :v¶A81:v¶<ñU! s:O|ñUOï«“

 ôUÑ :v| :vïbïULìWÙ :vïUîUz :v¶<ñU!

® «d:O" UO:|u8 WÑUz :ÈñU!WèNaCl ©

 Ë :vïULìWÙ :vïUîUz :v¶<ñU!NaCl

 :v¶<ñU!O22H•7O5H6C3NaN
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.3∫ ÊUO|ñUOï«“ UïdëWÑ:Ë;dÅ ˛ Èñô:uî UO¶<W810.0 mL :ÈË«dOÖ :ÈËNaClÊbïULìWÙ WO"UÙ :È

 ÆWJ!ñUî˛WÙ

.4 ∫«ñeÙ UM¶fi‹J:|ñ UïbïUÅ…uìWÙ p:Oì U| v|UOLOë UA:OëËUÙNaClÆ…d:O" :vë…Ë«dOÖ uë Wfi:OçM!

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.5∫ÊUO|ñUOï«“ UM¶fi‹J:|ñ :ÈbïW!œ UO¶<W8 :ÈË3 UÖd!œ :ÈË UA:OëËUÙ Ë4:u! ¨WMO!ñUJ! v"UÙ «œ

 s:Oï:u|Uz UO¶<W8 UïdëñU|œ
+NaË

–Cl  Æ«œd:O" :ÈË«dOÖœ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.6 ∫ÈñeÙ UïdJ:OÄñUëUÖd!œ «ËWz WJ! :vA:OëËUÙ :ÈË U| v~ïW<ËUÙ :Èd~:O3 ˛ :vM|d!ñ…œ4Ë v"UÙ «œ

ÆWfi:OçM!

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.7∫ÊUO|ñUOï«“ UïdëWÑ:Ë;dÅ s:OÖ;d! s:Oç<ñW! ËËœ5 Ë6 :v|UÙW! :v<Ëuï…;ñ UïdëñUî˛WÙ ËspKNaCl

ÆWMO!ñUJ! :È

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.1∫ÊUO|ñUOï«“ UïdëWÑ:Ë;dÅ Uë;d! :vO~ïW<ËUÙ :v¶Å ñ«“:uÖ UïUMOzñUJ!6UÑU~M:OÄ :ÈñU!ñ…œ :u8 s:OM|d:OM:Oì

11 :vî…œ ¨WJ!WÑ«ñO2•2H7O5H6C3Na :ÈË«dOÖ W|dëNaCl Æ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2∫ÊUO|ñUOï«“ UïdëWÑ:Ë;dÅU| v~ïW<ËUÙ UO¶<W8 UM|;ñ:uÙuÖ :ÈñWÖWz :Èñ«:u8 ‰ s:O¶:|ËUz ÊUÑ˛ óOë

NaCl:v"Uï:u!ñUJO! ¨vî:uOfiìU?ë :Èb?|ñu?K?ë ¨v?î:u?O?M?îW?ìW?z :v?ï«œd?Ö:u?Ö ¨pO?¶<W?z :vÅd?" ∫

øvî:u|œ:u< :v"«d¶Oï ¨vî:u|œu<

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

 v¶AÖ s:OîUºïWzñ…œ
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.1 ∫ÈñeÙ UïdJ:OÄñUë® s<Uz :v"«d¶Oï «œ :ÈbMÙ ‰WÖœIII® s<Uz :v"Uëd< Ë ©IIIËËœ Wï…œœUî ËËœ ©

˜Uïœ WïWJ! uë sï«œUï UHî » ÊU¶:|ËUz ÊUÑ ñUO":u3 ¨s|WÙ s:|bMK! ñË“ s:O~ïW<ËUÙ s:|d:O~:O3

  ÆWJ!WÑ«ñ :vïËuÇ :u! :vÑ UO¶<«ñ Æ«œ :v8Uzœ r:Oë :vM<Uz «ó:|ñ UïdëñW<…ñUÇ :u! «œ :vÑUz

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2 ∫ÈñeÙ UïdJ:OÄñUë:ÈdëWÅ U|…ËWï«u" :vïdJOèU" «ñWÖWz » W" s:O|ñUOï«“ » s¶<W! XAÄ »

:u8 Uç<ñW! ø‘W!ËUÙ Uï:u|Uz UïËu!WÙ » :ÈdëWÅ UM¶AOï W"Wëœ ñUë WÑWz :ÈñWz øWJ!ñU|œ

 ÆWJ!WÑ«ñ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.3∫ÊUîUºïWzñ…œ UOMO§A:OÄ UO¶:O|…ËWï«u" U|UzNaClW¶:OÙœ Ê“Wî :vë…u:OÅ » «œ :vOOîñWÖ öÄ :ÈñuM<œ

W|«b:|dÖ ¨È…Ë«u" U| ñ:Ë“ UO¶:O|…ËWï«u" uë XO‹:Ozœñ…œ «œ v!U"uè UëËu"ñWÄœ „Wè…œ øs|;ñ:uÙuÖ

:ÈdO~:O3 uë Ê…b! UAOï vJ:|ñ :ÈbMÙ u! ¨WMO!ñUë » ÊUO|ñUOï«“ ÊUÑ ¨WÑ :vOîñWÖ öÄ »

 U|…ËWï«u" :vîUºïWzNaCl  øs|;ñ:uÙuÖ W¶:OÙœ «œ :vOOîñWÖ öÄ ‰WÖœ «ËUÇ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

  ñW< WM¶fi‹:Oz
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•:vOÙUîËœ s:O˘U8 Ë †…œbîUºïWz ©…ËWïœdJ:Oì® ÊdëWÑ :È˛ ≠ ÊUfiëuz UïbïU~ïW< Èd|uÙ »

      Æ†WëœñU|œ ÊdëWÑ :È˛ ≠ ÊUfiëuz UJ:OìñUë :u!

• :vïdëWç:|˛ ≠ ÊUfiëuz UJ:OìñUë :u! @ïW<ËUÙ U| ÊdëWç:|˛ Ë ÊUfiëuz UA:OëËUÙ ÆXOfi:Oçïœ

• ÊdëWç:|˛ ÊUfiëuz UO|ñUJ|ñUN! ñU|œWï :È…Ë«dOÖ UO¶<W8Æ†Wëœ ñU|œ

•s:OïËu!«;d:OÄ  ÆXOMOzbNº! :vO"Wîx< Ë vML:Oz

 :ÈbïW! œ4» Uë…;d! » :vëWÅd" «ñU|œWï Uë…d! uë Êbï«u8 W" XH" ≠ ‘d" s:OïbïU~ïW< ËWz «œ

:vïó:O!œ «ËWz „…Ë UëW|œñË«ñW! «b:|ñU|dë :vÑWzœ ¨ÊbïU~ïW< W¶:OÙœ vëW¶H" :v| v|UçOÄ ÈñUOAÙ

 :vïdëWç:|˛ :ÈñUë:uÙ X:OÙœñUJ! ÊdëWç:|˛ ≠ ÊUfiëuz UïbïU~ïW<
2+Fe  :u! X:Ofiëuz œ ¨

3+Fe

 :vM:Ofiëuz :ÈñUë:uÙ :ÈñWÖWz »
–
4MnO UïUfiëuz «ñUî˛ Æ†…œœËË;ñ …ñU|dë ˜Wz :vî…œ ÆMnœ

–
4MnO ˛ ¨ «œ+7 :u! X|;ñ:uÙ:uÖœ+2:vÑWz sO:OÅœ XO!WÙ ñU|œ :v| «œu3 :vëW~ï…;ñ :Èœ Ë

uë ÊdëWç:|˛ ≠ ÊUfiëuz UJ:OìñUë UOOÙUîËœ üU8 UO|ULM:|ñ :u! sOMO!ñUJ! v~ï…;ñ UM|;ñ:uÙuÖ

 UëWOÙ…b:|“ ñWÙ ¨XO!œ ÂUL" p:OìñUë
–
4MnOvëW~ï…ñ :̈vJ:OìñUë :vìWJ:O" ñW< WM|Wëœ uë

U| ñU|œ UO|ñôuî Ë :vïbïU~ïW< ˛ È…ñU!Wè s:O|ñUOï«“ ÆÈ…Ë«dOÖ W"…œœ vï«ËW8ñWz ÊU| È“UçOÄ

 :ÈË«dOÖ4KMnOÊUfiëuz UJ:OìñUë U~ïWfiÑWÙ UA:OëËUÙ ˛ v|UMOzñ…œ UOOìuî U|…ó:|;ñ U<…ËñWÙ Ë

 :v|…Ë«dOÖ UO¶:|ñôuî UM"ñUîóÙ :u! uë W" W"…œ ÊUO|ñUOï«“ Ê«ËWz :Èœ ÊdëWç:|˛ ≠4FeSO ÆWMOÑb:OÄ

 Æ:u8 s:OJK3 Ë ˜UÇ UM¶<«ñUÄ :u! :u8ñW! WJ! :vÙW~OèU" UJÅ:uë ñW! Ë e:|ñUÄ s:OJÑUÇñW!

U|ñ«bÙWÖUz Ë :uA! XãWë W" s:OJK3 Ë X<…œ ñW§Ñ ñWÖWz Ë v|UOLOë :vë…œœUî êOÙ WëWï X<…œ

 ÆWJ! :u8 :v|U¶<:uîUî

 ÆWJ! :u8 :v|U¶<:uîUî È“UÖ s¶Åñ W"UÙ v|UOLOë :vëW|…œœUî ñWÙ

 Æ«b|U<Uz U| vA:OKÖ UJ˘W<œ WëWï v¶<WJÅ s:O|WÅËuÅ ñU3 ı

 •40.0200 M KMnO• „:uA:Oì2             ÆWï«œ

 •4SO21.0 M H•                 ÈbïUÄu˘œ UÑUz

 • ÈdëWKÄ UëWO|ñ:u!100 mL •      vï«ËËœ :vë…d~ìWÙ „uA:Oì

 • vëWÇuè :vëWì:uîWë125 mL È4          Wï«œ• :ÈË«dOÖ4FeSO

 • ÈWÅËuÅ ©pì:Ëœ® :vë…ñWJO!250 mL È2 Wï«œ•                v|«eïUë :Èd~˘WÙ

 • ÈWÅËuÅ ©pì:Ëœ® :vë…ñWJO!250 mL •            Æ:vM¶ÅuÅ UÅËuÅ

:vïUMO£Nº! s:OïUAOï

ËËœ Ë«dë“UOMA:OÄ v"Uë

 Wï«Ë WÅW!

 vëWA:OÄ

 v"Wîx<

  ‰WÄuìWë Ë …œœUî

˛ ÈeOïW~ïWî ©U|…ËWïœdJ:Oì® UïdëWç:|˛

 v"W~ïWîñWÄ s:Oï:u|Uz

 UïdJOèU"4

˜Uïñ«ËñW!‰:uÄ
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.1 ÆÊUO|ñUOï«“ UïdëñUî:u" :u! WJ! ˜WÙñW! ÊUO|ñUOï«“ :vëW¶A8

.2 s:Oë:uA:Oì ËËœ50 mLÊ«Ë ˛ p:Oz ñWÙ ¨WJ! óëUÄ ÈbïUÄu˘œ UÑUz » Ë :vëuA:Oì :vÇdãU! È

ÆÊ«ñWJfiOÄ Uïö:OÙWï :u! ÈbïUÄ:u˘œ UÑUz » ËuA! Ê«ñU3 :v< vL:Oë »

.3 :vë…ñWJOÄ250 mL Wfi:OçM! ñWfiì Ë WJ! ÊUAOï :È{40.0200 M KMnOz:ÈñWJO! Ë

 » Èœ{4FeSOz » üWîuë :v< ¨1 ¨2 ¨3 :ÈñWJO! ¨WJ! v<Ëuï…œ ¨400 mL»

 » :vëWëËuA:Oì ©:ËñWÅUÄ®{4KMnOz ‡! :Èœ :v| Ë{4FeSOz    Æ

.4 vJ|e:Oï75 mL40.0200 M KMnOvJ|eï ¨ÈUºïuÖ :vëWïUîUz WJ! Ë WçOá!

75 mL :ÈË«dOÖ4FeSO  ÆÈUºïuÖ :v|œ :vëWïUîUz WJ! Ë WJ!«b|WÄ

.5 ©:vë…d¶|UOKKOî® bïWÇ » :uA! Ê«ñU3 :v< :vëWëuA:Oì40.0200 M KMnO:vÄ s:|;d! Ë Æ

Uë…;d! » Ê«ñU3 :v< Èœ UëuA:Oì ©ÊUJ|UîñW!® ÊU|:Ë;ñWÅUÄ :vë…ñWJO! WJ! s¶A|uÅ WMO"UÙ

 :ÈË«dOÖ UL:Oë4FeSOÊU|:Ë;ñWÅUÄ :vë…ñWJOÄ WJ! s¶Å:uÅ WO"UÙ :vÄ «;d! :vÑWz Ë Æ:uA!

 Æ©ÊUJ|UîñW!®

.6 :vJ|eï » :vJ:Oz Æ…b:|dÖ v|U¶<:uîUî s:O|ULM:|;ñ í|Ëœ ‰ ÊUëuA:Oì ËËœ50 mL:ÈË«dOÖ ˛

40.0200 M KMnO : vJ|eï » Èœ :ÈËWz Ë50 mL :ÈË«dOÖ4FeSO ÆWJ!;dÄ

.7uë «œ WëWÑ Ë Wï«œ :vëuA:Oì :vJîœ s! ‰ ©ÊUJ|UîñW!® ÊU|:ËñWÅUÄ :ÈñWJO!4KMnO

‰WÖœ :ÈñU|dë :vÑWz ¨W|u!;dÄ :vëuA:Oì :vÑ«ñ“ :vJîœ uë v! U¶<«;ñ XAÄ U"WÙ ¨XOÑWëñ…œ

 UëuA:Oì4FeSO ÆWJ! ñU!Ëœ «œ

.850 mL UOOëWÇuè ôuîWë WJ! ÈbïUÄu˘œ UÑUz ˛125 mLUëWÄ:uìœ Æ

40.0200 M KMnOv|WïUçOÄ :vëW~ï…;ñ „…Ë uë «œ vëW8…;ñ Wï«œ vìWJ:O" vÑWz ¨ñW< WJ!

Æ:vOÙUîËœ üU8 UïdëñU|œ :u! s|WJ! œñË«ñW! :vïbïU~ïW< :vìWJ:O" ‰WÖœ sO:OÅœ Ë ÆvMO!ñUJ!

.1 WJ!ñUî:u" Ê«Ë«dOÖ ËËœñWÙ :u! :vë:uA:Oì s:O| :vJ:Oá<…œ s:Oï«œu8 ¨«bïUO|ñUOï«“ :v¶A8œ10 mL

® :vM<Uz :v"«œdÖuÖ :ÈË«dOÖII vÑUz :v! ©O2•7H4FeSO® :vïUîUz WJ!1 :̈È©4SO21 M H

 :ÈË«dOÖ ñW< WJ!4FeSO      Æ«bOïUîUz vÑWz œ :È

  ÈñUë UJ:|;ñ

  ñUë UJ:|ñ

 ÊdJOèU"

  :ÈñU!Wè4KMnO:v|

 vJ:Oá<…œ(mL)

 :ÈñU!Wè4KMnO:v|

 :vOÙUîËËœ(mL)

 :ÈñU!Wè4FeSO:v|

 vJ:Oá<…œ(mL)

 :ÈñU!Wè4FeSO:v|

 :vOÙUîËËœ(mL)

ÊUO|ñUOï«“ :v¶A8

1

2

3
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.1 Èb:OÙ4KMnO ñW< WJ! «b:Oë:uA:Oìœ4FeSO:vë…u:OÅ » vïUîUz «bìWÖœ ¨«bOïUîUzœ :È

 UÑU~M:OÄœ W" :ÈËWz ÈWï«WçOÄ :v~ï…;ñ ‰WÖœ È…Ë«dOÖ :v~ï…;ñ :vî…œ ÆWMOçK! v|Wï“U!8«œ

ÆWJ!ñUî:u" ÊUëuA:Oì U| :vOÙUîËËœ Uïbï«uï «bïUO|ñUOï«“ :v¶A8œ ¨ÊËu! †Ëu3 ÈdJÑWÙñW!

.3 s:OÑU~M:OÄ ËËœñWÙ œ :vïbïU~ïW< «ñU|dë «bïU|:Ë;ñWÅUÄ :ÈñWJO! œ …ó:|;d! :vïbïU~ïW< :vïUîUz1 ¨2

  s|dJ<Ëuï…ñ s:Oì:uîWë ËËœñWÙ ‰WÖœ WJ! …ñU!ËËœ «œ2 Ë3Æ

.1U<…ËñWÙ ÆÈdëñU|œ :u! UJ˘W< WJ!ñUÖ“ñ ÊU|:ËñWÅUÄ :ÈñWJO! Uë:Ë;ñWÑUï ˛ :u8

ÈñW! :uA! ‘U! :u8 s:O¶<…œ Æ:vJ˘W< :ÈËWz WJ! v|WïUçOÄ :v~ï…;ñ :vïUîUz Uë:Ë;ñWÑUï

ÆÈñUë UïËu§îUîW" v¶AÄ Ë vÑWëñ…œ :vÙW~OèU" ˛

.1∫Ê«ñeÙ UM¶fi‹J:|;ñ©ÊdJL:Oë ≠ ÊdëWç:|˛® …ËWïœdJ:Oì ≠ ÊUfiëuz UJ:OìñUë U~ïWfiÑWÙ UA:OëËUÙ

 «ñW§ÑUïœ U|4KMnO Ë4FeSO   ÆWfi:OçM! «œ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2∫ÊUO|ñUOï«“ UïbïU~ïWfi˘WÙ :ÈñU!Wè :v|«dJ:O"
–
4MnO  Æ…d:Oîó! ÈUMOzñUJ! s:|ñU! :v<ñWÙ œ

.3∫ÊUO|ñUOï«“ UïbïU~ïWfiìWÙs:Oì:uî «ñUî˛
–
4 MnO  Æ…d:Oîó! ÊdëWç:Oì WO"UÙ :È

.4∫ÊUO|ñUOï«“ UïdëWÑ:ËdÅ ËWz s:Oì:uî «ñUî˛
2+Fe ÆÊbïUfiëuz WMO"UÙ uë …d:Oîó!

.5∫ÊUM¶ãWëñ…œ :u! ÊdJ:OÄñUë:vM<Uz :vï«œdÖuÖ :ÈË :ÈË«dOÖ U| ©v¶:|ñô:uî® UO¶<W8 :vOºMÑUï :v|«dJ:O"

®II Æ…d:Oîó! ©

  :ÈË Uï«bJ:Oì Ë ÊdëWÑ:Ë;dÅ

˛ ÊËu!ñUÖ“;ñ Ë ÊdëóèUÄ

 ©ÊUJO|UîñW!® ÊU|:Ë;ñWÅUÄ
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• v|U¶ì:uÑ UëWïU8Cu-Zn p:OÄ ÆXOMOzœ

•Èœ s:O|U¶ìuÑ s:O|WïU8 ËËœ †Wëœ WA8WïÆ†Wëœ X<Ëñœ Ë

• v|U¶ì:uÑ U|WïU8 :vëñWzÆXOçOÄœ

• ÊU|WïU8XOMO~ïW<b˘WÙs:OëñWz ‰WÖœ ÊU|Wï« s:O| ÊUçOÄ WMO"UÙ s:OëñWz UïdJ|œñË«ñW! »

Æv|WïUçOÄ U| ©Êd¶L:Oë® …ËWïœdJ:Oì s:OëñWz ˛ v"ñUîóÙ

• :vO"Wîx< Ë vML:Oz s:OïËu!«d:OÄ ÆXOMOzbNº!

s:O|WïU8 íOïœ Æ†…œœ ËË;ñ :ÈËWïœdJ:Oì Ë ÊUfiëuz ˛ p:OìñUë íOï ¨«bO|U¶ :̆uÑ s:O|WïU8œ

Æ«b:O" v|«eïUë vÑWz s:Oï:u|Uz :vë…Ë«dOÖœ Â:uIï v|«eïUë :vë…ñWfiîW3 ˛ X:OÙœ p:OÄ «b|dë«œu3

:vëñWz :vîW3ñW< UïUçOÄ «bï«ñWfiîW3 ËËœ «ñW§ÑUïœ XO!œ «b|WÄ UO¶ìuÑ ÊU| ¨ÈñWfiîW3 :vëñWz

   Æ†…œœ UAOï :vëW|dJ:OìñUë :u! :vïUfiëuz :vëñWz Ë vëWO|dJ:OìñUë :u! :v|…ËWïœdJ:Oì

 Æ:u8ñW! WJ! :u8 s:OK3 Ë ˜UÇ UM¶<«ñUÄ :u! :vÙW~OèU" U|WÅ:uÖ ñW! Ë e:|ñUÄ s:OJÑUÇñW!

Èñ«bÙWÖUz Ë :uA! XãWë W" s:OJK3 ÊU| X<…œ ñW§Ñ ñWÖWz Ë Æv|UOLOë :vë…œœUî êOÙ …œ Wï X<…œ

 ÆWJ! :u8 :v|U¶<:uîUî

 •3)4(SO20.5 M Al ,75 mL

 •40.5 M CuSO ,75 mL

 •40.5 M ZnSO ,75 mL

 • ¨vî:uOMîuìWz :vÄ…œ 8 cm*1 cm

 • ¨vfiî :vÄ…œ 8 cm*1 cm

 • ¨vJM|“ :vÄ…œ 8 cm*1 cm

 •        ÈbïUÄu˘œ UÑUz

 •     ©Èdë …dLï® ÈdëWKÄ UëWO|ñ:u!

 • ÈWÅËuÅ :vë…ñWJO!150 mL È3 Wï«œ

 •:vïdë q:O" :u! …ñUáî“ «“WäUë

 •  sO:|u8 «;dÄ

 • ñW¶OL¶ì:uÑ

 • ©…dÖ® ÊUJMâOî ‰WÖœ :vïbïUÙWÖ s:OK:O"3         ÆWï«œ

:vïUMO£Nº! s:OïUAOï

ËËœ Ë«dë“UOMA:OÄ v"Uë

 Wï«Ë WÅW!

 vëWA:OÄ

 v"Wîx<

  ‰WÄuìWë Ë …œœUî

v|U¶ :̆uÑ s:O|WïU8  UïdJOèU"5

˜Uïñ«ËñW!‰:uÄ



200

.1Æv|U¶ :̆uÑ s:O|WïU8 :v< ñ:Ëbì :u8 s:OOMO§:O" UMOfiOçï :u! ÆWJ!…œUîUz ÊUO|ñUOï«“ ÈW¶A8

.2v|«eïUë X:OÄ…œ Æ:ÈñUáî“ «“WäUë » ¨WëWÑ v~M|“ Ë fî Ë Â:uOMLìWz :vÄ…œ ˛ ÈbOfiëuz U8W"

 Æ:vïUMOzñUJ! :u! s!…œUîUz uë «œ …e:|ñUá! vJAN!

.3 s:|ñWJO! :v<150 mL ∫‡! WJ! ÊUAOï{3)4(SO2lA zh {4CuSO{ h z4ZnSOz

.175 mL40.5 M ZnSO :ÈñWJO! WJ!4ZnSOhË

75 mL40.5 M CuSO ÈñWJOÄ WJ!4CuSO   Æ

.2 :ÈË«dOÖ ˜Uïœ WJ! sO:|u8 «dÄ :vë…ñW<4CuSO:ÈË«dOÖ ˜Uïœ WJ! Èœ :ÈñW< Ë

4ZnSO     Æ«œ

.3 :ÈË«dOÖ ˜Uïœ WJ! vJM|“ :vÄ…œ4ZnSO:ÈË«dOÖ ˜Uï WJ! vfiî :vÄ…œ Ë «œ4CuSO   Æ«œ

.4ÆWçOfiî :vÄ…œ :v|ô » Èœ «d|«Ë Ë vfiî :vÄ…œ :ÈñW< WMOÙW~! :vë…d|«Ë ¨WMO!ñUJ! UJMâOî

ÆÈd"WLO¶ì:uÑ s:OMOÙWÖ :vë…ñWfiì WMOÙW~! v|«b:|dÖ WçOJM|“ :vÄ…œ » «d|«Ë :v|œñË«ñW! :ÈñW<

:vKOî WOÑb:OÄ ¨Èd"WLO¶ì:uÑ :vMOÙWÖ :v|œ :ÈñW< WMOÙW~! WçOfiî :vÄ…œ » «d|«Ë :vï«œñW! :ÈñW<

Ê«d|«Ë Uï«b:|dÖ UJ:|ñ Ævçì :vÄWÇ :v|ô :u! ñWÖWz :vìW! ÆXOçK! :v¶<«;ñ :v|ô » :Èd"WLO¶ì:uÑ

:vï“U! Ë Wfi:OçM! «bïUO|ñUOï«“ :v|W¶A8 œ :Èd"WLO¶ì:uã Uïbï«u8 ÆWJ! Wï«ËWâ:OÄ Wç:|d"WLO¶ì:uÑ »

 ÆWJ!«œu3

.5 ÆWJ! :u8 UO|U¶ìuÑ U|WïU8 :u! ÈñUJK:OÙ :vëWM:|Ë Ë Wfi:OçM! Ê«Ë«dOÖ UO¶<W8

.6:vÄ…œ UM¶Å:uÅ UÑUz Ë Æ:uA! ÈbïUÄ:uìœ UÑUz UL:OJëWìWÖ Uë…;d! » vJM|“ Ë vfiî s:OÄ…œ ËËœ

 :ÈñWJO! WJ! vfiî4CuSO :ÈñWJO! WJ! vJM|“ :vÄ…œ UM¶ÅuÅ UÑUz Ë4ZnSOËËœñWÙ Æ«œ

 Æ:uA! sO:|u8 «dÄ s:O|ô

.7s:O|WïUçOÄ s:OëñWz UM"ñUîóÙ :u! ¨WMO!ñUJ! «bO|U":uÑ U§:O¶ë œ U|WïUçOÄ U|…ËWïœdJ:Oì s:OëñWz :v|W¶A8

  ÆÂ:uOMîWìWz Ë ¨pM|“ Ë ¨fî UïUM|–ñUJ! v§!«;d:OÄ s:OÅœ s:|ËWz Èœ s:O|WïU8

s:OÑU~M:OÄ í|uì WçOá! Ê«Ë s:OëñWz Ë ¨WJ! X<Ëñœ ÊU|WïU8 ÊUÑWz 1 U"WÙ6     Æ

  Êdë…œUîUz

  ÈñUë UJ:|;ñ

ÊUO|ñUOï«“ :v|W¶A8

Zn|Zn2+||Cu2+|CuAl|Al3+|| xxCu2+|Cu Al|Al3+||Zn2+|Zn  WïU8

 WM:|Ë

 v¶<W8

 v¶ :̆uÑ(V)
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  WÑWï«bJ:Oì Ë WÑ:Ë;dÅ

.1WOÑb:OÄ ÆÊdëñU|œ WO"UÙ :u! :vïUîUz ËWz WJ! ©ÊUJO|UîñW!® ÊU|:ËñWÅWÄ :vïUîUz Uë:Ë;ñWÑUï

ñUÖ“ñ :È˛ :u8 uë «œ ÊdëñU|œ WO"UÙ :u! Ë «œu3 :vïUîUz WM|Wëœ vë…Ë«dOÖ ñWÙ

˛ ÈñW! :uA! vÅU! :u8 s:O¶<…œ ÆWëWï ‰WJ:O" Ê«ñWJO! Ëœ Uë:ËñWÑUï ¨s|WJ!

 ÆvMOzœ vÙUîËb! :u8 :ÈñUë v¶AÄ Ë vçëñ…œ :vÙW~|U"

.1∫Ê«ñeÙ UM¶fi‹J:|;ñ¨Wfi:OçM! :v|WïU8 íOï Ëœ s:OA:OëËUÙ ¨Èdë X<Ëñœ W" UëWïU8 ñWÙ :u!

 :v¶A8œ ÊUJ:OìñUë íOï UO|WïUçOÄ U|WïU8 íOï :vëñWz1-9 s:O|UÙW! Ë ñ…œWMO! «œEº:v¶AÄ

 ÆWfi:OçM! ÊUA:OëËUÙ

.2∫ÊUO|ñUOï«“ UïbïU~ïWfiìWÙuë «œ ¨WJ! Â:uë ÊUJ:OìñUë íOï Ëœ ÈdJOèU" W" UëW|WïU8 ñWÙ :u!

    ÆXOÑWJ! X<…b! :vOÙUîËœ UJ:OìñUë UA:OëËUÙ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.3∫Ê«ñeÙ UM¶fi‹J:|;ñ :v|UÙW!Eº uë «œ WMO!ñUJ! ÊUJ:OìñUë íOïEº  ÆÈWJ!ñU|œ :vëW|WïU8 ñWÙ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

ÊËu!ñUÖ“ñ Ë ÊdëóèUÄ

ÊU|:ËñWÅUÄ ˛

   ©ÊUJO|UîñW!®



202

.4∫ÊUO|ñUOï«“ UÑWï«bJ:Oìs:O|WïU8 s:O|WïUçOÄ s:OëñWz ‰WÖœ s|UçOÄ ñU|dJ! W" uë ÊU|WïU8 s:OëñWz ËWz

 UÖ;d!3øXO!WÙ :vOOÙ«u3 UOMO§A:OÄ XO!œ vÇ:u! …b§J:Oì ¨WJ!œñË«ñW!

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

1∫ÊUM¶ãWëñ…œ :u! ñW< ‰ Ê«œUAOM:|;ñd"ñË“ Uë…“Ë WïU8 óOë ¨s|UçOÄ W" s:OëñWz » s¶<W! XAÄ

 øXOMOzœ ÂWÙñW!

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2∫Ê«ñeÙ UïdJ:OÄñUëË ø…d"e:ON! :ÈË…ñWJ:Oì :ÈñUëuÙ «eïUë óOë :̈u8 s:O|ñUOï«“ » s¶<W! XAÄ

ø…d"e:ON! :vM:Ofiëuz :ÈñUë:uÙ È«eïUë :vï:u|Uz óOë

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.3∫Ê«ñeÙ UïdJ:OÄñUës:|ËWz s:O|WïU8 s:OM:|Ë Ê«ËWz ˛ p:Oz ñWÙ ñW< ‰ ÊUï:Ëd¶JìWz UM|;ñWÄñ…œ :v¶<«ñUz

  ÆWJ!ñU|œ «bïUO|ñUOï«“ :v|W¶A8œ s|UMO£Nº! W"

   s¶ÑWëñ…œ :u!
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.1 ∫ÊUîUºïWz UOMO§A:OÄÈbïUÙWÖ p:OÄ WïU8 W" ñWÖWz s¶<…Ë«;ñ :Èœ p:OìñUë Ê«ËWÇ WJ! n<…Ë

 øvÇ:u! Ë ¨Êö:OÙ

```````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2∫ÊUïdJOèU" UïUA:OëWA8WïX<Ëñœ W" s:|ËWz v|U¶ì:uÑ s:O|WïU8 „WìWÖ uë WJ! :vëWJ:|;ñ :vA8Wï

ı :Èœ WJ4W< ∫vMO§:O"® ÈWÙ U| Xë UëW|WïU8 ñWÙ ˛ d¶ï“Wî :vëñWz Uïdë«b|WÄ :u! s|dë

 U|WïU8 ñWÖWz †…œœËË;ñAl-Zn U|WïU8 ËCu-Zn˛ U¶<:uîUî ñWÖWz Æs|…b§:|dÖ WçJ:OÄ

Æ©WJ§OèU" :u8 «ñeÙ ¨Ëu! È“«;ñ W" :v|ñUJK:OÙ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

   ÈñU!…b:|“
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• vMOì:Ëd¶JìWz U|WïU8†Wëœ X<Ëñœ       Æ„WO|d"UÄ Ë ¨ñWfiîW3 ËËœ Ë ¨Wï«bO" XOì:Ëd¶JìWz uë

• v¶Oì:Ëd¶JìWz U|WïU8XOMOzœñUJ!  ÆÈœ :vëW|«eïUë » vëW|«eïUë UMOÅ:uÄËË;ñ :u!

• †…ñWM! :v|«eïUë UëWïËuLï Ë ÈdJÅ:uÄËË;ñ s:O|«eïUë†WëbOèU"˛ :vïdJ|dÖñW! UOOÅU! UïdëñU|œ :u!

    Æ«bÅd" :ÈË«dOÖœ †…œœËË;ñ ©UïËu! v~ï…˛® Uï“«u8«œ

• ÊUîUºïWz†…œb:|dÖ Æv|WïUçOÄ ©UïdJL:Oë® «ËWïdJ:Oì s:OëñWz Ë :vOëôUÇ U|…dOºïe!

:vÅd" ‰WÖœ Â:uOfiOMÖWî UM|;ñ:uÙu~:OÄ p:OìñUë ¨sMOfiëuz » ÊU|«eïUë „…bMÙ s:OÅœ vÅd" s:|Ë«dOÖ

     Æ†Wëœ ˜UÇñW! :vÑWz ñW< ‰ :vëW|WïËuLï p|ñuKëËñb|UÙ

)g(2) + Hqa(2 MgCl→)qa) + HCl(s        Mg(

 +2   –1                00          +1 –1

:v!…ñUë » d¶L:Oë :vOëôUÇ :vëW|«eïUë ˛ pïW" UëW‹" » X:OÅœ ÊWëœ :vJ:OìñUë s:O|«eïUë ËWz

v|«eïUë s:Oï:u|Uz UïdëWç:Oì :u! X:OÙœñUJ! v|U!…ñUë U|…“Ë ¨«bO|U!…ñUë UMOÅ:uÄËË;ñ UëWïU8œ s|WJ! vÅ:uÄËË;ñ

©√® :Èu:OÅ Æ†WëœñUë œu#Uë „…Ë :vïW" ÈËWz :v|ËË;ñ ñW< ‰ Ê«Ë UM¶AOï :ÈñWÖWz W¶O!œ uë ¨«b|…Ë«dOÖœ

 Æ†…œbïUAOï †…œœËË;ñ «ñU|dë ËWz Ë v"UÙñUJ! :ÈdOîUz ËWz ¨ñU|œ :Èñ«u‹ì

Ê«Ë˛ p:Oz ñWÙ vÅUÄ ¨s|WJÑWÙñW! :Èœ ÈdJÅ:uÄËË;ñ :v|«eïUë s:OëW|WïËuLï bïWÇ ¨«b:OïdJOèU" :vÑWzœ

  ˜Uïœ :ÈœlCHM1.0 Æ†Wëœ :vïñ«u8«œ UO|ñU~ï…ñW! d¶Ä Ê«Ë óOë XO! ñU|œ uë «œ s|WJOèU" «œ

 Æ:u8 s:OJK3 Ë ˜UÇ UM¶<«ñUÄ :u! :u8ñW! WJ! :vÙW~OèU" :vÅ:uëñW! Ë e:|ñUÄ s:OJÑUÇñW!

:v|U¶<:uîUî Èñ«œUÖUz Ë :uA! XOÑWJ! W" s:OJK3 ÊU| X<…œ ñW§Ñ ñWÖWz Ë ¨v|UOLOë :vëW|…œœUî êOÙ WëWï X<…œ

 ÆWJ! :u8

 ÆWJ! :u8 :v|U¶<:uîUî È“UÖ ¨X|˛d! v|UOLOë :vë…œœUî ñWÙ

    ÆWëWï ÂñWÖ È“ñ…œ ÊU| v¶<WJÅ s:O|WÅËuÅ s:OïUîUz

ÈñUJO|«;ñ s:OïUAOï

ËËœ Ë«dë“UOMA:OÄ v"Uë

 Wï«Ë WÅW!

 vëWA:OÄ

  v"Wîx<

©:vïñ«u8«œ® ˛ :vM¶<«ñUÄ :u! v|U!…ñUë UMOÅ:uÄËË;ñ

  :vïËu! v~ï…˛

 UïdJOèU"6

X:OÑœWî :vïW" ËWz ∫œ:u#Uë

  s|WJ! vÅ:uÄËË;ñ(Fe)

Ag→–e ++Ag

 Èd"U!

 X:OÑœ Wî :v|«eïUë ËWz ∫œ:uïUz(Fe):v|

 s|WJ! vÅ:uÄËË;ñ(Ag)

–e  ++ Ag→Ag

 ©√® :Èu:OÅ

˜Uïñ«ËñW!‰:uÄ
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 •HCl ,.0 M1•                :vÙW~OèU" :vÅuë ñW!

 • ˛ sOÅuÄËË;ñ :ÈË«dOÖ4SOZn•                 «e:|ñUÄ UJãUÇñW!

 • ˛ sOÅuÄËË;ñ :ÈË«dOÖ3FeCl•        ©…ñUáî“ «“WäUë® UïUîUz ö:O"

 • :vJM|“ :vëWÄ…œmc1*mc8•           ©v|UOfiOï Wç:OÄ® s:OJì U¶OK!

 • :vM<Uz :vëWÄ…œmc1*mc8•               ”…œ UM"dÖ «d:Oîóî…œ

 •         È“«ñW"•       dÖ ñWJO!

 • UëW|d"UÄ6V    ©«dÇ s:O|d"UÄ s:|ñ:u3 ˛® È•        :vïdë pAÙ UëWïdã

 • :ÈñWJ:O!400 mL      ÆÈ•        :vïdJOèU" s:O|ñ:u! :Èd~ìWÙ

 • :̈ÈñWJ:O!150 mL ¨È3        Wï«œ• :̈vïdJOèU" s:Oï“Wî s:O|ñ:u!3        Wï«œ

 • vfiî UëWK:O"10cm ¨ó:|ñœ3          Wï«œ•        pìUîWÅ

 •          ÈbïUÄ:u˘œ UÑUz•       ©WÇñUÄ ËËœ® Wç:OÄ v|«eïUë s:OJMºOî «d|«Ë

 •        „ñ:u~¶<…œ•    vJO¶<öÄ s:OJMOâOî

 •  :vïdJOèU" s:OìWÄ uìWë

UJAÄ1

.1 Æ:u8ñW! WJ! :vÙW~OèU" UÅuëñW! Ë „ñ:uÖ X<…œ Ë ¨e:|ñUÄ s:OJÑUÇñW!

.2 s:|ñWJO! ËËœ150 mL ‡! Ê«Ë˛ p:Oz3FeCl ‡! Èœ :v| Ë4ZnSOñWfiì ¨WJ! ˜Uï

 :ÈñWJO!400 mL Æ©:Ë;ñWÅUÄ® Wfi:OçM!

.3 Èó:|ñœ ˜WÙ „…Ë :vfiî s:OK:O" :v<10 cm W¶<ñU! Ë0.77 g ÆWJ! ˜WÙñW!

.4 ÆWJ! vK4 ©:vK:O" :vëËuAïUîUz® UïUîUz ö:O" » v|«eïUë :vÄ…œ Ë „WK:O" ñWÙ

.5:v|W¶A8 œ WJ!ñUî:u" ÈW¶<ñU! Ævfiî UëWK:O" :v¶<ñU! UïUçOÄ :u! WMO!ñUJ! :vÙW~OèU" UO|“«ñW"

 Æ«bïUO|ñUOï«“

UJAÄ2

.1» :Èd|«Ë :v|œ :ÈñW< vJMâOî Ë Æ…b! :ÈdÖ WçOfiî » Wç:OÄ s:OJMâOî «d|«Ë :vë…ñW<

   Æ…b! :ÈdÖ Wç:O|d"UÄ ©≠® :v§ìU< :ÈñW<

.2» ÈË :ÈñW< :vJMâOî Ë ¨…b! :ÈdÖWçOM<Uz :vÄ…œ » Wç:OÄ pMOâOî U| Èœ «d|«Ë :vë…ñW<

 Æ…b! :ÈdÖ Wç:O|d"UÄ ©´® :v!W3uî :ÈñW<

 Æ…e:|ñUá! vfiî ˛ d|Ëœ vM<Uz :vÄ…œ ¨ñU|œ ©»® :Èu:OÅœ „…ËñWÙ

   ‰WÄuìWë Ë …œœUî

 ÈñUë UJ:|;ñ

     Êdë…œUîUz

 Èd"U!

vfiî ö:O"

vM<Uz :vÄ…œ

v|«eïUë :vJMâOî

 ÈñWfiîW3 Uïdëd~:O3 :u!

v|«eïUë :vJMâOî

:u! vJO¶<öÄ :vJOºOî

ÈñWfiîW3 UïdëdO~:OÇ

 vJO¶<öÄ :vJMâOî

v|«eïUë :vJMOâOî

 ©»® :Èu:OÅ
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.380 mL :ÈË«dOÖ3FeCl :ÈñWJO! WJ!3FeCl      Æ

.4ÈñWJO! vî:uIï vM<Uz :vÄ…œ Ë vfiî ö:O" ¨vî…œ UïUçOÄ :u! :vM"dÖ «d:Oîóî…œ UïUMOzñUJ! »

:u! vJO¶<öÄ s:OJMOâOî Æs! È…Ë«dOÖ ÈWÑñ…œ ˛ v|«eïUë s:OJMOâOî uë ÈñUOAÙ ÆWJ!

   ÆWMO!ñUJ! ÈñWJO! Uç:Oì ñWfiì :Èd|«Ë UM¶fi|ËôWÙ

.5 vJ|eï v¶AÄ5s|d¶J|eï :u! ÈËuâ:O" :vî…œ Æ:Èñ…œWMO! vM<Uz :vÄ…œ Ë vfiî ö:O" ÊUIOè…œ

1.0   ÆWfi:OçM! WëdÇ

.6s:OOMO§:O" ÆWJ§îuë «bïU|:Ë;ñWÅUÄ :vïUîUzœ :vM¶AOÅ UÑUz Ë ¨:uA! ÈbïUÄ:u˘œ UÑUz » vfiî ö:O"

      ÆWfi:OçM! «bïUOMO§:O" :v|W¶A8œ :vK:O" ñ:Ëbì :u8

.7 s:OÑU~M:OÄ6-1:ÈñWJO!œ pM|“ :v"«œdÖuÖ :ÈË«dOÖ Ë pM|“ :v|«eïUë ‰WÖœ WJ!…ñU!ËËœ

4ZnSOvîUîW" » :vK:O" UMOÅ:uÄËË;ñ uë :ÈbMÙ ˛ W!UOMìœ ÆÈË „…Ë Èuï U| vfiî UëWK:O" Ë ¨«œ

» ÈdJÅ:uÄËË;ñ U| vfiî UO"«d|uë ÊUîWÙ » vfiî ö:O" uë W!UOMìœ Æ†…œœËË;ñ «b"Uë ÊUîWÙœ

   ÆW|Ëu§î:uIï vM<Uz

.8 :ÈñWJO!œ WJ! ÈdJÅ:uÄËË;ñ s:OK:O"150 mLÆs:OOfiOï Wï WçJ:OÄ :vìW! ÆÈdJïUAOï Wï :È

:u! vMO!ñUJ! ÊUJMOâOî uë XO!W" «dO! ‰ ÆWJ! pAÙ ©;d:Oã® :vÇdÄ :ÈñWJAÙ » Êö:O"

   Æ:vïdë pAÙ v¶AÄ Êö:O" UM"dÖ

.9ÊU|U¶<ñU! ËËœñWÙ Ë ¨WçOá! ÈdJÅ:uÄËËñ s:OK:O" ËËœñWÙ U¶<ñU! ¨Êö:O" UïdëñU< v¶AÄ

      ÆWfi:OçM! «bïUO|ñUOï«“ :v|W¶A8œ

.10 ¨vfiî ö:O" :v"…ñWM! :v¶<ñU! UïdëñUî:u"Cuv¶<ñU! «e:|ñœ ¨WJ!…ñU!ËËœ «bïUO|ñUOï«“ :v¶A8œ

® :vK:O" :v|uïg UMO¶<œ ©Cu  Æ«œ

UJAÄ2:vOëôUÇ UïdJOèU"

.11 ˛ WJ! ;dÄ :vJ:OO:O< vJ|eï ÊUïdJOèU" s:O|ñ:u! ˛ p:Oz ñWÙ1.0 M HCl:vïdJOèU" s:O|ñ:u! Æ

    Æ«bïU|ñ:u! :Èd~ìWÙœ Wï«œ

.12 :ÈË«dOÖœ ÈdJÅ:uÄËË;ñ UJAÄ :u! :vM" ¨«bïUïdJOèU" UëW|ñ:u! ñWÙœ WJ! Êö:O" ˛ p:OzHCl«œ

 vJ|eï ÆXO!5   Æ…d~§:Oì :u8 ÊUIOè…œ

.13Ë vî…œ ÆWJ! Âuë UïU|:ËñWÅUÄ :vïUîUzœ :vM¶AOÅ UÑUz Ë uA! ÈbïUÄ:u˘œ UÑUz » Ë ñ…œWMO! Êö:O"

 :ÈñWJO!œ Wï«œ Êö:O" ÆWfi:OçM! «bïUO|ñUOï«“ :v|W¶A8œ :vK:O" ñ:Ëbì ÊUOMO§:O"150 mLWï :È

Uïdãœ WJ! ÊU| ¨WJ! pAÙ :vÇdÄ :ÈñWJAÙ » Êö:O" ÆsÑWJ! p:OÑ È :v! «b|dJÑUï

 :vî…œ :u! «b:OïdJAÙ10 ÆXO!ñU< WK:ON! vÅUÄ ¨ÊUIOè…œ

.14 v¶A! «b:OK:O" :v<ñU! «e:|;ñœ Wfi:OçM! «bïUO|ñUOï«“ :v|W¶A8œ Ë WçOá! Êö:O" :v|W¶<ñU!HCl®g         Æ©

.15ñWÙ :u! Ë vë…Ë«dOÖ ñWÙ :u! ÊU|:Ë;ñWÅUÄ ˛ ÊËu!ñUÖ“ñ :u! «œu3 s:OïUîUz :Èœ W" :v|U¶<:uîUî

 v:OÅœ Æ©ÊUJO|UîñW!® ÊU|:Ë;ñWÅUÄ :ÈñWJO! Uë:Ë;ñWÑUï :u! Ë vëW|«eïUëHCls:O|ñ:u!œ U|

      Æ:vïó:|;ñœ ÊU|ËñWÅUÄ :ÈñWJO! Uë:Ë;ñWÑUï uë :vïUîUz ÊUîWÙœ WO|ó:|;d! «b:OïdJOèU"
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    WÑWï«bJ:Oì Ë WÑ:Ë;dÅ

 ∫vMO§:O"

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.1∫:vïdJ:OÄñUë UïËuLïö:O" Ë È«eïUë :vÄ…œ ñW< ‰ uë Wfi:OçM! ÊUJ:OìñUë íOï Ê«ËWz s:OA:OëËUÙ

 s:OïUîUz ËËœñWÙœ vfiî3FeClË4ZnSOø«bïUïUîUz ËËœñWÙœ Êœ:uïUz óOë Æ«œ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2∫ÊUO|ñUOï«“ UïdëWÑ:Ë;dÅö:O"  UMOÅ:uÄËËñœ WO|dë Èñ«bJAÄ ¨vJM|“ Ë s<Uz s:Oì:uî Ë Â«dÖ bïWÇ

 ø«bOfiî

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.1 ÊUîUºïWz UïdëWÑ:ËdÅ Ëu!WÙ vëôUÇ s|d¶L:Oë ¨«eïUë óOë ∫HClÊUM¶ãWëñ…œ :u! ÊU|WMOâM! ø«œ

  Æ…b! p:Oì

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

ÊUO|ñUOï«“ :v¶A8

® :vK:O" :v¶<ñU!g ©

 WëdÇ® :vMOÅ:uÄËË;ñ :vî…œs©

® :vK:O" :v|uï :v¶<ñU!g ©

 œ :vïdJî:uIï :vî…œHClWëdÇ®«œs©

 vÅUÄ vK:O" :v|W¶<ñU!HCl®g     Æ ©

Cu

    s¶ãWëñ…œ :u! XAÖ

vÅ:uáM<Uz U| vfiî ö:O"vÅ:uáJM|“ U| vfiî ö:O"
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•U|œñË«ñW!Æ:vM"dÖ t3 UJ:OìñUëË :vïdë…b:|“ UJ:OìñUë

•U| vMO! :v" «œ È…«dOÖ :v~ï…ñ œ ÊUM|ñ:uÙuÖ†Wëœ Æv|UOLOë UJ:OìñUë Uï«b|Ëñ :Èñ…œUAOï „…Ë

• U|ñUJ|ñUÙ » d:O"Wï:Ëd:O" :vï:u!ñUëËñb|UÙ «ñW§ÑUïœ :vOÙ«œu3 ÈñU|dë »ÆWJ! :vîËd! :ÈË«dOÖ

•s:|ñU|dëÆsMOzœ tº! :vO"Wîö< Ë :vOÙUML:Oz

«ñW§ÑUïœ «bïW! :Èñ:u3 n|Ëbì Ê«ñ:u3 s|bïWÇ :u! Êdë ‘W!«œ WM:OÙœ Ê:u!ñUëËñb|UÙ

XO!WÙ :vM" » vï:u!ñUë «bïW! p:Oz :vï:u!ñUëËñb|UÙ ËWz UºÑWz ÆsO!WÙ «œ vï:u!ñUë s:OK|œñWÖ

 d:O" :vï:u!ñUëËñb|UÙ :Èñ:u3 W¶O!œ)saturated hydrocarbons(«b:O" vï:u!ñUë UëWK|œñWÖ ñWÙ

 ÊUJìWz WM!œ …ñ:u3 ˜Wz Ë ÆWïWÙ Èœ s:OK|œñWÖ ‰WÖœ ‘W!ËUÙ s:OëU" s:|bïW! ñ«uÇ)alkanes(
 s! X<«ñ s:|dOºï“ XO!œ WïUJìWz ˜Wz Ë Æ)linear( ñ«bIì ÊU|)branched(:vì Æs!

s:OïUJìWz :vïó:O!œ :Èd:|Ë ‰ Ë «b:OOëWìW8 UëWM"UNJ:OÄ ‰ s|e:|ñ vï:u!ñUë s:OK|œñWÖ XO!b:OÇ

 ©v|WIìWz® vëWìW8)cycloalkanes(s:OK|œñWÖ s:|ñ:Ë“ s:|d! :vï:u!ñUëËñb|UÙ :Èñu3 ËWz :vì Æ

 d:O" Wï s:Oï:u!ñUëËñb|UÙ :vïó:O!œ UºÑWz Æs!Wï vMO3:Ëñb|UÙ)unsaturated hydrocarbons(
«b:O" vï:u!ñUë s:OK|œñWÖ «ñW§ÑUïœ vï«Ëœ s:|bïW! » :ÈË s:|œñWÖ «ËWz ¨sOJìWz WM!œ …ñ:u3 ˜Wz

 Æs!œ ˜UÇñW!)alkenes(˜UÇñW! «b:O" vï:u!ñUë s:OK|œñWÖ «ñW§ÑUïœ vïU| :v< s:|bïW! » «ËWz

∫Ê«Ë˛ s:OÙœ «œñW< » vî«bïWz s:OJ:OìñUë s:|ñ:u3 s|bïWÇ Ê:u!ñUëËñb|UÙ Æs!œ

• s|ñ:uÙuÖ :u8 UJ:OìñUësubstitution reactions:OK|œñWÖ s|bïWÇ ÊU| vëWK|œñWÖ «ËWz

 Æs|dÖœ ÈË s:OK|œWÖ UëWîË ÊU| Èœ s:OK|œñWÖ :vN3 vMO3Ëñb|UÙ

• :vïdë…b:|“ UJ:OìñUëaddition reaction:u! Êdë…b:|“ W¶:OÙœ :vë…œñWÖ ˛ œñWÖ ËËœ «b:O" «ËWz

s:OJ:OìñUë ËËœ ¨«œ s:OïdJOèU" :vÑWz ‰ Æ†Wëœ bMK! :ÈË UïËu! d:O" öÄ uë …d:O" Wï Uë…œñWÖ

…Ë«u" :vî:Ëd! Ë ¨vëWìW8 :vMfiOJ:OÙ ¨d:O" :vï:u!ñUëËñb|UÙ «ñW§ÑUïœ :vJ:Oz U| Êdë WM:OÙœ :Èñ:u3

 «œ vïUßOî ËñuKë Wï«Ëœ ˜Uïœ2Cl2CH¨d:O" :vï:u!ñUëËñb|UÙ «ñW§ÑUïœ :ÈñËœ UJ:OìñUë Ë ¨

vÅUÄ ÆX:OÙœñUJ! «b:OJ:Oz UJ:OìñUë Ë :ÈËWz vî:Ëd! :ÈË«dOÖ Ë ¨«œ vëWìW8 vïUfiJ:OÙ

   ÆÊdë W¶:OÙœ «œUOJ:OìñUë ËËœñWÙ «ñW§ÑUïœ ÈœñË«ñW!

:u! :u8ñW! WJ! :vÙW~OèU" s:OJÅ:uëñW! Ë :u8 s:OÑUÇñW! Wï«œ :vM¶<«ñUÄ :u8 s:OJÑUÇñW! Â«Ë…œñW!

 Æ:u8 s:OK3 Ë ˜UÇ UM¶<«ñUÄ :u8

:v|U¶<cîUî …ó:O! Ë:uA! ‘U! s¶ÑWëñW! W" s:OK3 ÊU| W" s:O¶<…œ ñWëWÙ ¨v|UOLOë s:|œœUî ı WëWï X<…œ

 Æ:u8

tº! s:|ñ…bïUAOï

 :vïUMOz

W! ËËœ Ë«dë“UOMA:OÄ v"Uë

 vëWA:OÄ

  v"Wîö<

Ë vMOJìWz ˛ p:Oz ‰WÖœ vî:Ëd! UJ:OìñUë

 ÊUïUJìWz » :ÈË UïdëœñËË«ñW!

 UïdJOèU"7

˜Uïñ«ËñW!‰:uÄ
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 ÆWJ! :u8 :v|U¶<uîUî È“UÖ X|ó:|d! :v|UOLOë :vë…œœUî ñWÙ :vî…bì

Æ«œ :vJ|UîñW! UO|U<Uz UJìW< ˜Uïœ WëWï v¶<WJÅ :vAOÅ ñUºJ:Oz

 • vëWìW8 UïUfiJ:OÙ12H6C•                 vî:uOMîWìWz «“WäUë

 • vëWìW8 :vMfiJ:OÙ10H6C• ñ«œWKÄ UëWìËuì10 mL                È

 • vîËd! :ÈË«dOÖ2Br•        s:OÄ:uìœ

 • ¨ÊUßOîËñuKë Wï«Ëœ2Cl2CH•            :vM¶<«ñUÄ s:OJÑUÇñW!

 •2 …ñUî˛ :vïdJOèU" s:O|ñ:u!•              :vÙW~OèU" :vJÅ:uëñW!

 •         :vïdJOèU" s:O|ñ:u! :Èd~ìWÙ•        „ñ:u~¶<…œ

 • ÂñWÖ UÑUîñWÖ

    Æ:u8 s:OOMO§:O" UïdëñUîu" :u! WMO!ñUJ! s:OÙœ s:O|ñUOï«“ :v¶A8

.1 ¨WJ!…œUîUz :vïdJOèU" s:O|ñ:u! ËËœ1 mLËËœñWÙ ˛ p:Oz ˜Uïœ WJ! vëWìW8 :vïUfiJ:OÙ ˛

 Ë ¨ÊU|ñ:u!1mL«“WäUë » :vJ:Oz U|ñ:u! Ë ¨Èœ U|ñ:u! ˜Uïœ WJ! vëWìW8 :vMOfiJ:OÙ ˛

  ÆWâ:Oá! vî:uOMîWìWz

.2Ë ¨«b:O" vëWìW8 :vMOfiJ:OÙ U|ñ:u! ˜Uïœ WJ! páÇ páÇ ¨vî:Ëd! :ÈË«;dOÖ X:OJáÇ bïWÇ

   ÆWJ!ñUî:u" «œ ÊU|ñUOï«“ :v¶A8 s:Oï«b:OÄW~ìW!œ vMO§:O" ÆWM|˛WN! :v|ñ:u!

.3ÈË«dOÖ ‘U! Ë ¨«b:O" vëWìW8 UïUfiJ:OÙ U|ñ:u! ˜Uïœ WJ! vî:Ëd! :ÈË«dOÖ ˛ s:OJáÇ bïWÇ

Ë vMO§:O" Æ:ÈË«dOÖ :v~ï…;ñ WJ4W< ñWfiJ:Oz vÅUÄ Ë ¨WëWÑ :È˛ vî:uOMîWìWz «“WäUë ÆWM|˛WN!

    ÆWJ!ñUî:u" ÊU|ñUOï«“ :v¶A8 ‰ :u8 s:Oï«b:OÄ W~ìW!

.4ñWÙ WJ4W< Ë ÆWM|˛WN! ‘U! «b:O" vîËd! :ÈË«dOÖ Ë vëWìW8 UïUfiJ:OÙ U|ñ:u! ËWz

ÊU|ñUOï«“ :v¶A8 ‰ :u8 s:Oï«b:OÄW~ìW! Ë vMO§:O" ÆXO!œ :ÈË«dOÖ :v~ï…ñ Ë UëWM|ñ:uÙuÖ

  ÆWJ!ñUî:u"

.5WJ! ÂñWÖ ÈUOAÙ  «b:OÑUîñWÖ œ :vïdJOèU" U|ñ:u! ¨s|ñ:uÙuÖ W¶:OÙWï È…Ë«dOÖ :v~ï…ñ ñWëWÙ

ÆWJ!ñUî:u" ÊU|ñUOï«“ :v¶A8 ‰ :u8 s:Oï«b:OÄW~ìW! Ë vMO§:O" Æ©XOìWJ! WK:OÙWï®

  d:OîUz Ë …œœUî

ÊU|ñUOï«“ :v¶A8

    ÊdJOèU" vMO§:O" ©sO<UOï® Ê«œW~ìW!

.1 ÆvîËd! :ÈË«dOÖ Ë vëWìW8 :vMOfiJ:OÙ

.2 «b:O|ñU" œ vî:Ëd! :ÈË«dOÖ Ë vëWìW8 UïUfiJ:OÙ

.3 «b:OOÙUï:Ëñ œ vî:Ëd! :ÈË«dOÖ Ë vëWìW8 UïUfiJÙ

 Ævï:uOMîWìWz :vÖñW! UïdëWÑ :È˛ v¶AÄ

.4   :vïdë ÂñWÖ v¶AÄ vîËd! :ÈË«dOÖ Ë v|WIìWz UïUfiJ:OÙ

  ÈñUë UJ:|ñ

  Êdë…œUîUz
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.1s:ON3 :u! …d:OÖWÑ Ê«d:OîUz Ë ÆWJ!óèUÄ «œ :vÙW~OèU" œ :u8 :ÈñUë :vN3 Ë d:OîUz vîWÙ

s:|œœUî ı ÆWJ!ñUÖ“ñ :ÈË :v¶§|U" :vN3 ‰ v|UOLOë s:|œœUî Ë Ê«Ë s:O| vë…ñW<

s:OJ|UîñW! s:OJìW< ÊU| «œ :vMOìu< s:O|ñ:u! ˜Uïœ …ó:|ñWï Ë …ó:OÑUÙ Wï v|UOLOë

v¶AÄ :uA! :u8 s:O¶<…œ ‘U! Æv!WïW" :v|U¶<:uîUî UïËu! È“«ñ » ñWëWÙ v|U<Uz

 ÆvÑWëñ…œ :vÙW~OèU" ˛ :u" ÈñW! ÈñUë UOÙUîËœ

.1∫ÊU| vMO§:O" UïdëWã:ËdÅ UÑU~M:OÄ ‰ s:OM|ñ:uÙuÖ ËWz2 øWMÇ s|dë vMO§:O" W"

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2∫ÊUîUºïWz Uïdë ÊËËñ UÑU~M:OÄ ‰ UJ:OìñUë :ÈËWz U|UOLOë UA:OëËUÙ2W" s:OîUºïWz ËWz ÆWfi:OçM!

 UÑU~M:OÄ ‰ Èdë vMO§:O"2øWJ! ÊËËñ :vA:OëËUÙ n|Ëbì

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.3∫ÊU|ñUOï«“ UM¶fi‹J:|ñ˜U~M:OÄ ‰ È«b|Ëñ UJ:OìñUë ˜Wz2s:OJ:OìñUë :Èñ:u3 gOë :u! ¨

 øX|dÑ“œ v|UOLOë

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.4∫ÊU| vMO§:O" UïdëñUJOÅ:vïUfiJ:OÙ :u! vî:Ëd! :ÈË«dOÖ Uïdë :v" v¶AÄ Ê«b|Ëñ s:OM|ñ:uÙuÖ ËWz

 UÑU~M:OÄ ‰ ÈUâ:OÄ U|ñ:u! ˜Uïœ vëWìW83 ø«œ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

ÊËu!ñUÖ“ñ Ë ÊdëóèUÄ

   ÊUJ|UîñW! ˛

 Êdë ÊËËñ Ë ÊdëñUJOÅ
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.5∫ÊUîUºïWz Uïdë ÊËËñ UÑU~M:OÄ U| vMO§:O" :vîUºïWz :Èœ «ËWÇ3 øÈWë ÊËËñ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.6∫ÊU| vMO§:O" UïdëWÑ:ËdÅ øW| vÇ :vïbï«óÙ ‘U! :v|ñ:u! Uïdë«dJÅUz v¶AÄ È«b|Ëñ UM|ñ:uÙuÖ ËWz

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.7∫ÊUîUºïWz Uïdë ÊËËñ UÑU~M:OÄ œ :vOMO§:O" :vîUºïWz :Èœ «ËWÇ4 øÈWë ÊËËñ «œ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.8∫ÊU| vMO§:O" UïdëñUJOÅ UÑU~M:OÄ œ :v|ñ:u! Uïdë ÂñWÖ v¶AÄ5 ø†…b|Ëñ ı :Èœ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.9∫ÊUîUºïWz Uïdë ÊËËñ UÑU~M:OÄ œ È«b|Ëñ UJ:OìñUë :ÈË :u! v|UOLOë UA:OëËUÙ5ËWz ÆWfi:OçM! «œ

 UÑU~M:OÄ œ Èdë vMO§:O" W" :vîUºïWz5 ÆWJ§MÙËñ :vA:OëËUÙ n|Ëbì «œ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

```````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.10 ∫ÊU|ñUOï«“ UM¶fi‹J:|ñ UÑU~M:OÄ ‰ È«b|Ëñ UJ:OìñUë ˜Wz5øW| v|UOLOë s:OJ:OìñUë s:|ñ:u3 gOë :u! ¨

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.11∫v¶AÖ s:OîUºïWzñ…œ  ÆWJ!ñU|œ :vïdJOèU" :vÑWz UOÙUîËœ s:OîUºïWzñ…œ UM¶fi‹J:|ñ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

```````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````
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•í|Ëbì Æ:vM|eïW! s:|dÖñ…Ë :vì „…bMÙ s:O"WK8U< UïU|ñW~:Oì

• WÑ Ê«œñWÖ U|dë X<Ëñœ UM"UNJ:OÄ » ÊU"WK8U< ÊUÑWz Uï«b:|dÖ WçJ:OÄXO¶<W!œ Æ

•s:|ñU|dë UïUMOz tº! » ñUë Æ†Wëœ :vO"Wîö< Ë vî«ñUz

s:O"WK8U< » XO!œ «œu3 «ËWz W| v"UîËñWz s:Oï:u!ñUë:Ëñb|UÙ ˛ WëWìWîuë :vM|eïW! s:|dÖñ…Ë :vì

uë s!œ ˜UÇñW! WìWîuë ˜Wz ¨s|UJìWz Ë sOJìWz Ë ÊUJìWz vë…Ë ¨Èœ s:Oï:u!ñUëËñb|UÙ ˛ :u8

 ˛ X:OÙœ p:OÄ :vM|eïW! UëWëWìW8 «b:|Ë s:|œñWÖ ˜Uïœ6˛ Wï v¶fi‹J:|ñœ Ë vï:u!ñUë s:OK|œñWÖ

» Ë „U" s:|bïW! :v< » «œ:u8 ˜Uïœ vï:u!ñUë s:OK|œñWÖ Ë ÆÈËËñ p:Oz U| ô ‘WÅ UëWëWìW8

vï«ËËœ s:|bïW! ÊUÑWz :vN3 :vì Æs!œ bïW! p:Oz í|Ëbì :vë…u:OÅ » vï«ËËœ s:|bïW! :v<

:vë…u:OÅ » «œ vï:u!ñUë s:OK|œñWÖ ‘WÅ ñWÙ UïËu!bïW!œ Êñ«bJAÄœ :vìW! ¨WM|dëñU|œWï

 ÆXO! v"d~J:Oz Ë dO~:O3 UëW"UNJ:OÄ vM|eïW! UëWìW8 †WJ! :vìU< …Ë uë ¨vïUfiëW|

ÊU| ¨«bÑUïœ WMÇœ s:|ËWz «ñUë s:OìWîuë s:|ñ:u3 n|Ëbì Êñ:u3 WîWÙœ vM|eïW! s:|dÖñ…Ë :vì

Èœ :vë…ñ:u3 ñWÙ UO:|ñ » ÊU| :̈vM|;ñ:uÙuÖ t3 s:OJ:OìñUë » ÊU| :̈vïdë…b:|“ s:OJ:OìñUë UO:|ñ »

s:O|UOLOë Ë v|U|eOã s:O"WK8U< vM|eïW! UëWìW8 ñW< ‰ «ñUë s:OìWîuë ˜Wz Ë ÆÈœ s:OJ:OìñUë ˛

 ÆW|«œu3 Ê«Ë :ÈñU¶ã…ñ Ë †WK8U< ¨s:OÙœ p:OÄ vïUî:ËñWz s:O¶:|ËUz :vÑ » :̈vM|eïW! W"…œœ «œu3

Ë ¨sOï«“ Ê«Ë s:O"WK8U< ¨s|dÖñ…Ë v"UîËñWz s:O¶:|ËUz ÊUÑWz ˛ „…ñUîóÙ :Èœ ¨«b:OïdJOèU" :vÑœ

Ê«ËWz s:O"WK8U< UOÙ«œu3 » s|…b:|dÖ WçJ:OÄ ÊU"WK‹¶< ÊUÑWz UOÙ«œu3 ¨s|Wë Ê«Ë U|œñË«ñW!

 Æ«bÑUïœ WMÑWëœ uë «ñUë s:OìWîuë

Ë W" s:OÑUÇ U|dÖñW! :u! :u8ñW! WJ! :vÙW~OèU" :vJÅ:uëñW! Ë Wï«œ Â«Ë…œñW! :vM¶<«ñUÄ s:OJÑUÇñW!

 ÆW" s:OK3

…ó:O! Ë:uA! ‘U! s¶ÑWë Ê«œœUîœñW! » W" s:OK3 Ë W" s:O¶<…œ ñWëWÙ Ë :v|…œWï X<…œ v|UOLOë s:|œœUî ı

 Æ:u8 :v|U¶<:uîUî

 ÆÈó:|d! v|UOLOë vë…œœUî ñWÙ :vî…bì WJ! :u8 :v|U¶<:uîUî È“UÖ

   Æ«bO|U<Uz s:OJ|UîñW! UJìW< ˜Uïœ WëWï v¶<WJÅ s:OAOÅ ñUºJ:Oz

 :vïUMOz tº! s:|ñ…bïUAOï

 vëWA:OÄ

  v"Wîö<

:vì „bMÙ s:O"WK8U< s|d¶~ïdÖ UMOï«“

 ∫:vM|eïW! s:|dÖñ…Ë
 UïdJOèU"8

˜Uïñ«ËñW!‰:uÄ
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 • …ñUî˛ :vïdJOèU" s:O|ñ:u!5•                 s:OÄ:u˘œ

 •         s|:uìu"•        :vï«œWçJ:O" :u! ÈWAOÅ :vëWì:u"

 •    ‰:uMOã•             s:OÄ:uìœ UÑUz

 •         p|ËeïW! vÅd"• ñ«œWKÄ UëWìËuì10 mL

 •        5KOïWz•         p|uâ! :vëWJâÑWë

 •         s|d|U¶<•               :vM¶<«ñUÄ s:OJÑUÇñW!

 •        vëWìW8 UïUfiJ:OÙ•                 „ñ:u~¶<…œ

 •         q|«eïW! :vìuNë•           :vÙW~OèU" ©pÅ:uëñW!® :v|ñœW<

.1Ê«Ë :vO"UNJ:OÄ :vÖu:OÅ vÅUÄ ¨Wfi:OçM! X:OÙœ :v¶A8 ‰ s:OÙœ s:O¶:|ËUz :u! v|U|eOã s:O"WK8U<

  ÆWfi:OçM!

.2 ≠∫v~ï…ñ vç! øX|˛uÙuìœ «bO|WIìWz UïUfiJ:OÙ Ë :vÑUzœ :ÈñWz WJ! vëW¶:|ËUz ñWÙ Uïdë vèU"

Æ√ÊUÑWz ˛ vë…œœUî ñWÙ ˛ ©‚…ñ s:|œœUî :u!® p|Ëuâ! :vJâÑWë íOï ÊU| ÊUJáÇ Á…œ

 vJ|e:Oï UëW|ñ:u! uë :vïdJOèU" s:O|ñ:u! ËËœñWÙ ˛ p:Oz ñWÙ ˜Uïœ WJ!5 mLUïUfiJ:OÙ ˛

 vJ|e:Oï Èœ U| Ë XO!«b:O" vëWìW85 mL ÆXO! «b:O" vM:OÄ:uìœ UÑUz ˛

Æ»WK:ON! ÊUJìu8 bïWÇ ¨©…œWçJ:O"® WM|˛WN! ‘U! vë…Ë«dOÖ ñWÙ U| ÈWAOÅ ôËu" »

ÆUîWÑ v¶fi|ËôWÙ » ÊU| ÊbïôW4 W"UÙ v"UîËñWz :ÈœœUî :ÈñWz :vJ4W< Ë ¨XO¶<…Ë«ñ

 ∫WJ!ñUî:u" X:OÙœ :v¶A8 ‰ :u8 s:O| vMO§:O"

.1:vN3 WM|dÑe! Ê«d:OîUz ¨WJ!óèUÄ :vÙW~OèU" ‰ :u8 :ÈñUë :vN3 Ë Ê«d:OîUz vîWÙ

» U"W§|U" s:OïUîUz ‰ Ê«Ë«dOÖ Ë v|UOLOë s:|œœUî ˛ WëñUÖ“ñ :u8 ÆÊ«Ë :vOë…ñW<

ÊU| :vMOì:u< ˜Uïœ …ó:OÑUÙ Wï ÊU| …ó:|ñ Wï v|UOLOë s:|œœUî ı ÆWÑ :ÈbïWÇ :ÈË

:uA! ‘U! :u8 s:O¶<…œ ÆW" :v|U¶<:uîUî UïËu! È“«ñ :v| ¨v|U<Uz s:OJ|UîñW! s:OJìW<

 ÆX:OÙœ pOÙUîËb! ñUë v¶AÄ Ë :vÙW~OèU" ˛ UM"Wëñ…œ ñW!

 ÊU|ñUOï«“ :v¶A8

 s|uìu"

 ‰:uMOã

 p|ËeïW! vÅd"

 5KOïWz

 s|d|U¶<

 q|«eïW! :vìuNë

 …œœUî ÈU|eOã :ÈñU! @ï…;ñ

 s|˛uÙ u!

«b:OÑUz œ

UfiJ:OÙ œ …ËWï«u"

vëWìW8

:vÖu:OÅ

:vM"UNJ:OÄ

  d:OîUz Ë …œœUî

  ÈñUë UJ:|ñ

ÊËu!ñUÖ“ñ Ë ÊdëóèUÄ

   ÊUJ|UîñW! ˛
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.1 øW| vÇ s|bï«u8 W" s|œœUî :v| v|U|eOã :ÈñU! UOÙ«œu3 :ÈñWÖWz

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2øsNìW4œ «bOëWìW8 :vïUfi~:OÙœ d¶Ä gOë Ë øsNìW4œ «b:OÑUzœ d¶Ä v"UîËñWz s:O¶:|ËUz gOë

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.1:ÈË ñW< ‰ ¨W"«ñeÙ í|Ëbì ¨WMÇ «bO"UîËñWz s:O¶:|ËUz s:O"WK8U<œ :vOÙ«œu3 :ÈñWÖWz

ø©W|WÙ :vM|eïW! UëWëWìW8 ÈË Uë…œñWÖñWÙ® W|«b:OM"UNJ:OÄœ vÑWNë…Ë :ÈbïWÇ
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````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2í|Ëbì ¨sO"UÙ «b|W¶A8œ v"UîËñWz s:O¶:|ËUz ˛ p:Oz ñWÙ :u! WJ! ñUOMA:OÄ XO!œ UJ:OìñUë p:Oz

    Ævî«bïWz s:OJ:OìñUë :u! W" Uïbï«u8

 …ËWï«bJ:OìË …ËWïœdJOÅ

  s"ËWëñ…œ :u! W¶AÖ
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ÈñUJO|«;ñ vïUëWïUAOï

ËËœ Ë«dë“UOMA:OÄ v"Uë

 Wï«Ë WÅW!

 vëWA:OÄ

  v|…u:O!

 UïUMOzñUë » vëËUï UïËu§OÅ

:È“WäUë Ë vM<Uz :vÑ«ñœ

 UïdJOèU"9

•:vï«b:OÄW~ìW!Æ†…b! p:|ñWï :vë…ñ«œdë vë…Ë sO:OÅœ :vïËu§OÅ «dJ:O" ñW< ‰

•«ñW§ÑUïœ :v|œñË«ñW!» s!œñU|œ s:|ñUM|œ Ê«ËWz «ñUîóÙ Ë ÈdëñU|œ «œ :vM:|Ë œ s:|ñUM|œ «ñUîóÙ

 Æ:vMOfi:Oçï

• vëËUï UïËu§OÅ uë †Wëœ vïU|W! :vM:|Ë » ÊU|ñUOï«“ Uï«œUAOï Æ†WëœñU|œ

•:vï«b:|dÖ WçJ:OÄ Æ†Wëœ vëËUï UïËu§OÅ «dJ:O" Ë ÊUOMO§:O" «ñW§ÑUïœ

•v|œñË«ñW! Æ†Wëœ «œ Ê«ñ«œdë ËËœñWÙœ :

•UïUMOz tº!ÆÊWëœ :vO"Wîö< Ë vî«ñUz s:|ñU|dë

UïËu§OÅ ÊU| s!œ vÅ ñ…bJAO" s:|œœUî vîWÙ ÆsMOï dO~:O3 s:OL8u" ñ…bJAO" s:O|U"ËUÙ

:vëWJAO" :ÈË UïËu§OÅ :vî…bì ñ…bJAO" s:O|U"ËUÙ XO! ÈñUOMA:OÄ UïUOÅ :vë…“«u:OÅ » :vJAO"

:v|U"ËUÙ :u! p|«œ :v|U"ËUÙ UM"ñUÙuÖ UO"«“Wì :ÈñWçOÄ WÑWz :vïËu§OÅ «dJ:O" Èuï s:O|U"ËUÙ W"…œœ

ÆÈU"ËUÙ ÈËWz :u! vïWîW" íOï » Êdë n<…Ë s:OÙœ :vJAO" UïËu§OÅ U|«dJ:O" ÆXO!œ W| Èuï

:Èñ sJAO" :ÈœœUî «;d! íOï ©UïËu§OÅ® UM"ñUÙuÖ :u! W| vÑb:OÄ :vî…œ ÈËUî ËWz ÊWîW" íOï Ë

˛ „WÇñUÄ U"WÙ ÊüU< Ê«ñUOKî ñWÙ Wï«œu3 p:|˛œ ñ…bJAO" s:|œœUî s:OïWîW" íOï ÆW| vë…ñW<

 Æ:vëdÇ

  WJ! :vÙW~OèU" ©pÅ:uëñW!® :v|ñœW< Ë :u8 s:OÑUÇñW! Wï«œ Â«Ë…œñW! :vM¶<«ñUÄ s:OJÑUÇñW!

 Æ:u8 s:OK3 Ë ˜UÇ U|dÖñW! :u! :u8ñW!

 Æ:u8 :v|U¶<:uîUî …ó:O! Ë:uA! s¶ÑWë :ÈË ñW! W" s:OK3 Ë X<…œ ñWëWÙ Ë Æv|UOLOë :ÈœœUî ı …œ …ËWM¶<…Ë

 ÆWJ! Œ :v|U¶<:uîUî È“UÖ X|ó:|d! v|UOLOë :vë…œœUî ñWÙ :vî…bì

 Æ…œ :ÈdÖñuÅ Ë Á…dã s:OK3 ¨vMOzœñUJ! s|eïW! U|;ñuÖ :vî…bì

   Æ«bO|U<Uz s:OJ|UîñW! s:OJìW< ˜Uïœ „Wï v¶<WJÅ s:OAOÅ ñUºJ:Oz

˜Uïñ«ËñW!‰:uÄ
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  d:OîUz Ë …œœUî

  ÈñUë UJ:|ñ

 •  vìU"uë s:OÇñUÄ ÊU| sO~ï…ñ s:|“WäUë65cm …ñUî˛®             ™2           ©

 •     vïU|W! «“WäUë

 •                       :v|«ËWèuî «“WäUë ˛ „WèW!W"

 • ® vM<Uz s:|UM|œ «ñUîóÙ100                  Æ†Wëœ «b|WÄ W":u! U¶<:uîUî s:|ËWz ©

 •              ÆÈ“…œ ¨Èd"Wî :vëW¶<«ñ :̈vïbïUfiOïWçOÄ UëW¶|dÅ ¨”WIî

 •        Æ⁄UÄWè » U| vï:u"ñUë UëW§ìWà

 Ê«ñUM|œ » vëËUï UïËu§OÅ ÈñW§ÑWÙ ©√® UÇñUÄ

 ÆÊUîUºïWz UïdëñUî:u" :u! WMO!ñUJ! s:OÙœ s:O|ñUOï«“ :v¶A8

.1100:u! XO! ÈñW< ‰ WM:|Ë vë…u:OÅ » ¨«b:Oï:u"ñUë UëW§ìWà ˜Uïœ Wï«œ vM<Uz s:|ñUM|œ

 «ñUîóÙ «b|W¶A8 ‰ ÆÊö|œñWÖ :u! WïUAOï …ñUM|œ ˜Wz ÆÊ«ñUM|œ vîWÙ100UïU8 ‰

 ñUîóÙ Ë ©s"ñUÙuÖ WM:OÙWï s:OK|œñWÖ®0    ÆWJ!ñUî:u" ©s|ñ:uÙuÖ WM:OÙœ s:OK|œñWÖ® UïU8 ‰

.2® WM|˛WN! ‘U! :vJ§ìWà5:vë…ËUî ñWÙ Æ:ÈË U8UÄWè UM"dÖ v¶AÄ ©:ÈñU8 Ë ÈñW< :u! Ê«ñU3

 » XO! ÊUfiëW| :vïbï«óÙ10 ÆÊdëñUî˛ W¶:O! ÊUëdÇ

.3˜Wz ÆWJ!d|Ëœ Ë :Èñ…œWMO! XO!œ ñU|œñW< ‰ vMOfi:Oçï :v|Ëñ s:|ñUM|œ vîWÙ Ë ¨WëWÑ :v8UÄWè

 ÆÊ…œœ s"ñUÙuÖ WM:OÙœ s:OK|œñWÖ UïUAOï …ñUM|œ

.4 :u! WfiOçM! «b|W¶A8 «e:|ñ ‰ :ÈñUîóÙ Æ…d:Oîó! «œ :vJ§ìWà œ ÈUîWÑ s:|ñUM|œ10:u! ÊUëdÇ

:vJ§ìWà ˛ W" s:|ñUM|œ® …d:Oîó! s"ñUÙuÖ WMO"UÙœ s:OK|œñWÖ Æs"ñUÙuÖ WM:OÙWï s:OK|œñWÖ

 «e:|ñ :ÈñUîóÙ Ë ©s|UMOzñ…œ10 ÆWJ!ñUîu" «b|W¶A8œ ÊUëdÇ

.5 UÑU~M:OÄ s:|ñU3 «ñUîóÙ UOMO§A:OÄ ¨«b:Oì:uÄ ôWîuë ‰ «b|ñUëœ vëWìUÑWÙ ñW< ‰4-2vÑb:OÄ «ËWz

vëWìUÑWÙ ñWÙ «ËWz Ê«ñU3 «ñUîóÙ ÆXOMOîœWÑ «b:OJ§ìWàœ :vM" » ñUM|œ p:Oz U"WÙ Æ†WJ!

 :u! :vJ§ìWà Uïbï«óÙ :u! „…ËUî…ñWÙ „ XO!W" «dO! ‰ ÆWJ!ñUî:u" «b|W¶A8œ sO"ñUîóÙ10

 uJïUz ¨†ñUîóÙ W¶:OÙœ ÊUëdÇ40 :u! :vJ§ìWà UïbïUÙ :u! Â…œ40 Æs"ñUîóÙ ÊUëdÇ

.6 s:OÑU~M:OÄœ4-2XOMOîœ «œ :vJ§ìWàœ ñUM|œ p:Oz U"WÙ WJ!ñUî:u" vë…ËUî ñWÙ Ë WJ!…ñU!ËËœ

     ÆXO! ÈñW< :u! WM:|Ë uë

ÊU|ñUOï«“ :v¶A8

s|ñ:uÙuÖ WM:OÙœ s:OK|œñWÖ  s"ñUÙuÖ WM:OÙWï s:OK|œñWÖ  WëdÇ® Â…œs©

2.5cm

70cm ™ 60cm
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˛ ÊËu!ñUÖ“ñ Ë ÊdëóèUÄ

   ÊUJ|UîñW!

   Êdë ÊËËñ Ë ÊdëñUJOÅ

 :È“WäUë U|ñUJ|ñUÙ » vïËu§OÅ U| ÈñW§ÑWÙ ©»® UÇñUÄ

.7 U|d|Ëœ » ¨WJ!WM:|Ë :v|«ËWèuî «“WäUë UèW!W" ñW< ‰ vMO< :vJ:Oz Ë ÈœU� :vë…ñ…ËW"5 cm

Ë †WëœñU|œ È©Â…œ® vMO< :Èñ…ËW" Æp:Oz í|Ëbì :vèW!W" U| vM|Uç:Oì Ë :vÄWÇ :v|ô ˛

Æ†…œœ ÊUAOï ©:ÈœœUî «;d!® U|ó:|ñœ uë ÈœU� :Èñ…ËW"

.8 » ÊUïUAOï ËËœñWÙ «ñW§ÑUïœ ¨WJ!WM:|Ë vMO< :Èñ…ËW" U|ó:|ñœ » ÊUïUAOï10 cmÆWJ!«œu3

ò » :vJ:Oz UïUAOï0ò » í|Ëbì «ËWz UïUAOï Ë :̈Èb!ñUîóÙ å1ñWÙ :ÈbïWÇ :vç! Ë Æå

 Æ†WëœñU|œ „Wì:u8 p:Oz „WïUAOï

.9ò dH< üU8 ñW< ‰ vïËu¶< :Èu:OÅ » s:O~ï…ñ s:O¶|dÅ ˛ p:Oz0U¶|dÅ » Ë Wï«œ å

 ÆWJ!dO~:O3 :vïbïUfiOïWç:OÄ

.10ò «ñUî˛ ñW< ‰ ÊUçOï ËËœñWÙ p:Oz :v|ô Ë ¨…;d§! :vëWçOï ‰ :v|ËËœ UMO~ï…ñ U¶|dÅ1dO~:O3 å

 ÆWJ!dO~:O3 :vïbïUfiOï Wç:OÄ U¶|dÅ » ¨vºMÑUï :vë…u:OÅ » WJ!

.11 ÆÊUçOï ËËœ :u! …;d§! :v|ËËœ U¶|dÅ ˛ ÈUîWÑ UçOï ËWz

.12ÆWMOfiOM! Wç:OÄ ‘U! Ë vMO< :Èñ…ËW" ˛ «bç|Ëbì UïUAOï ñW< ‰ WJ!dO~:O3 :v¶|dÅ :v|ô

.13 s:OÑU~M:OÄ ËËœñWÙ11 Ë12» vïËu¶< » :vëWÇñUÄ ñWÙ UïdëdO~:O3 ‰WÖœ WJ!…ñU!ËËœ

 U"WÙ :Èñ«œdë :vÑ ñWfiì W! Â«Ë…œñW! Æ:vïUfiOï Wç:OÄ U¶|dÅ8‰ vïËu¶< » dO~:O3 s:O¶|dÅ

 ÆXOÑWëœ W¶<…b! vMO< :Èñ…ËW" ñW<

.14     ÆÂ«Ë…œñW! :vë…ËUîWÇ UïUMOz p:OÄ Ë ÊU¶|dÅ :vJ"uì Uï«b:|dÖ :u! WMO!ñUJ! È“…œ

.1 ÆÊ«Ë s:ON3 WM|dÑe! Ê«d:OîUz ÆWJ!óèUÄ «b:OÙW~OèU" œ ÈñUë :vN3 Ë Ê«d:OîUz vîWÙ

© √® UÇñUÄ

.1∫ÊUîUºïWz UOMO§A:OÄ©:ÈñUM|œ ˛ dH<® ÈñUM|œ p:Oz W| v¶AÙWÖ u" U"WÙ UA:OëWÑ vî…œ ˛ bïWÇ

 UÑU~M:OÄœ Ëu! p|e:Oï U| W" UOMO§A:OÄ bïWÇ øXO!UîWÑ :vJ§ìWà »5  ø«œ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2∫ÊU|ñUOï«“ UïdëñUJOÅ«“WäUë ˛ :vëWÇñUÄ ñW< ‰ :u8 s:O|ñUOï«“ :u! vëW| vïU|W! :vM:|Ë :Èu:OAÅ

WM:OÙWï s:OK|œñWÖò uë ÈœU� :Èñ…ËW" Ë ÈåÂ…œò :u! WJ!ñU|œ vMO< :Èñ…ËW" ÆWA:OJ! vïU|W!

ÊüU8 vÅUÄ ¨WA:OJ! vî…œ ñW§î«ñW! s"ñUÙuÖ WM:OÙWï s:OK|œñWÖ «ñUîóÙ :vM:|Ë Æås"ñUÙuÖ

 Æ XOÑWëœ X<…b! Â«Ë…œñW! :vë…ËUîWÇ U"WÙ p:Oz WMOÙW~!
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  v¶AÖ s:OîUºïWzñ…œ

.3∫ÊUîUºïWz UïdëñUJOÅ ÈñW§ÑWÙ „Wï«bìËWÙ ñWÙ10ÈUA:OëWÑ :vî…œ ËWz Ævî…œ ˛ W|UëdÇ

:ÈñU|dë :vÑWz :vïWîW" íOï øÈUMOzñ…œ :v§ìWà ˛ Ê«ñUM|œ «ñUîóÙ íOï W" :ÈËWz ø…bïWÇ

 ø…bïWÇ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.4∫vïU|W! s:OM:|Ë Uïdë ÊËËñ:u! ÈUA:OëWÑ :vî…œ UïdëñU|œ :u! WMO!ñUJ! ÈdëWM:|Ë W" :vïU|W! :Èu:OÅ

 UïUMOzWç¶<…b!25 %ÈUîWÑ s:|ñUM|œ «ñUîóÙ Æs"ñUÙuÖ WMO"UÙ Wï «œW" UïdJOèU"œ s:OK|œñWÖ ˛

ø…bïWÇ «bOî…œ vÑœ «œ :vè:ËbM<œ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

UÇñUÄ »

.5∫ÊUîUºïWz UïdëWÑ:ËdÅ v¶AÄ ÊWîW" íOï bïWÇ4 øWM|ñ:u! ÊUëWìu8

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

6∫vïU|W! s:OM:|Ë Uïdë ÊËËñs:OëWì:u8 Ê«ËWz «ñUîóÙ UïdëñU|œ ¨«œ ÈWM:|Ë œ È“…œ UïUMOzñUJ!

 UM¶AÙWÖ :u! ÈUA:OëWÑ20%øWJ! XOMOL! :vM" » vë…ñW< :ÈœœUî ˛

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.1∫ÊUîUºïWzñ…œ ñW< ‰ Ê«b:OÄW~ìW!:ÈË U|ó:|ñœ ¨dë sO~ï…ñ «“WäUë UëW¶|dÅ » X<…œ W" ñWëWÙ

 øs|ñ:uÙuÖ W¶:OÙœ ÈUçOÄ :vïWîW" íOï :ÈñWz ¨XO! :vJ:Oz U¶|dÅ U|ó:|ñœ ñU3ËËœ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2∫ÊUîUºïWzñ…œ ñW< ‰ Ê«b:OÄW~ìW!:ÈËUîWÇ Ë ©√® UÇñUÄ ‰ vïU|W! :Èu:OÅ «ñW§ÑUïœ Èbï…u|WÄ :ÈñWz

øW|WÙ «œ ©»® UÇñUÄ œ Ê«œ ÊUAOï W¶:OÙœ È“…œ »

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````
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:vïUMOz tº! s:|ñ…œUAOï

ËËœ Ë«dë“UOMA:OÄ v"Uë

 Wï«Ë WÅW!

 vëWA:OÄ

 :vï«bJAO" UOëôUÇ Uïdë«dJÅUz  UïdJOèU"10

• vï:Ëœ«ñ :ÈË…ñW<Uï†WëœUÑUz ÆUMOÅWÄ Uïdë«dJÅUz :u! XOMOzœñUJ! Ë

• Ë †Wëœ ©:vMO!œñË® vÄ:uJ<:ËdJOî :Èu:OÅ » UHìWz s:OJì:uïW" s:OO:|ñ U| vMO§:O"ÆX|d:Oîó:OÙœ

• vï:Ëœ«ñ UOëôUÇÆX|d:Oîó:OÙœ

• :vë…ñW!ËËñ ñW< ‰ vï:Ëœ«ñ UOëôUÇ UïbïU~ïWfiìWÙ†Wëœ Á…dãñW!:̈vì:uÄ s:O|ñUOï«“ UïUMOzñUJ! ¨

  ÆXOA:Oëœ :ÈË UOëôUÇ :u! ÈUA:Oë WA8Wï :vëWM:|Ë Ë

•UïUMOz tº! Æ†Wëœ :vO"Wîö< Ë vî«ñUz s:|ñU|dë

 UëËUï ÆW| vî:uOï«ñu| Uï«bJAO" UïËu§OÅ :vîWÙñW! ËWz vïËœ«ñ :vL8u"Rn86
222

Ë ¨…dO~:O3 U| Wï

 W¶OÙWÖœ :ÈË :vïWîW" íOï4UMOÅWÄ :È˛ È È˛ËWz XO!œ vÅ ÊËœ«ñ ÆvJ|e:Oï » Ê« :̨Ëñ

¸WÖœ :̈ÈñU8 ‰ sA:OëËUÙ n|Ëbì ©Ê:Ëd¶JOìWz® U¶:O! s:Oë:uïW" Ë ©ÂuOKOÙ UëËUï® UHìWz s:Oë:uïW"

He2
4

 Ë W|UHìWz :vë:uïW" UïUAOï «ËWzβ1–
0

Ë ¨Wï«œWïU8 Uë…“UÖ ÊËœ«ñ ÆW|U¶:O! :vëuïW" UïUAOï «ËWz

˜Wz vJïuÇ ¨XOÑWJ! ÊUOO< ËËœñWÙ » ÊU|“ :v§M¶A:Oî W¶:ON! Èœ s:Oï«œWïU8 s:|“UÖ s:OÅœ

s:OL8u" :u! “WK! :̈ÈË ¸WÖœ X:OÅœ ËWz s¶A:Oî W"UÙ ÊËœ«ñ ñWëWÙ :vì ÆsMOï ñ…bJAO" …“UÖ

 XO§! vÅ v#uîe! Ë rÅuèñuè Ë Â:uOïuìuÄ)Bismuth(s:OÅœ Ë sã…ñœ vîWÙ WL8u" ˜Wz Ë ¨

‰ XO!œñU|œ :vLÅuèñuè :v|U"ËUÙ Æ:vïËu! vÅ UïËuÇ í|Ëœ Ë ¨s! dO~:O3 «bOÅWì s:OïUÅœ

 ÊUJ:OìñUë «dOºï“ UOÙUîËœPb82
210

 ˛ ÈË :vïWîW" íOï vÑWz ¨22.6:ÈbïWÇ :ÈË » Ë ¨ÊôU<

 ¨XO§! dO~:O3 :v| :vOÙUîËœ :vîWÙñW! uë ÈñW! d¶Ä s:OïËu! vÅ d:|˛ W¶OÑWëœPb82
206

 Æ

vÙUïU< :vë…ñ…“Ëœ :Èœ ÂWJ:Oz ÆvçOÄ «œ:u8 ôUî œ vï:Ëœ«ñ UMOÅWÄ :v¶<Uz :Èœ ¨«œ :vïdJOèU" :vÑWz œ

 :vJO¶<öÄ UïUMOzñUJ! ¨:vï«œ:u8 ôUî ‰)CR–39(ñW§î«ñW! :ÈË «ñUO¶<WÙ » WÑUÇñW! :ÈËWz

:v< :vî…œ :u! «b:O" :u" UÙW~M|˛ ‰ Èœ :vëWN3 ñWÙ ‰ ÊU| :u8 ôUî WOï«œ Èñ…“Ëœ :Èœ UHìWz s:Oë:uïW"

«U"WÙ s|Wë êO8 vî:u|œ:u< :ÈbOfiëËñb:OÙ » vJO¶<öÄ :Èœ ¨«œ :vÙW~OèU" œ vÅUÄ ÆÊU¶ãWÙ

 ‰ ÊUO:|ñ «ñUîóÙ UïdëñU|œ :u! WJ! UO:|ñ UMOMJAÄ vÅUÄ Æs¶|œ WM:O! UHìWz s:Oë:uïW" s:O|ñ
2cmœ

UïUï«œ :u! s|Wëœ Âuë :vì:uÄ s:O|ñUï«“ vîWÙ Ë Æ«œ vN3 ÈË œ vï:Ëœ«ñ UOëôUÇ Ë ¨«b:Oë… :̨Ëñ

 Æ†WJ! «œ † UÙW~M|˛ ‰ vï:Ëœ«ñ UOëôUÇ UïdëñU|œ uë vëWA8Wï

Rn86
 222

He2
4 +Rn48

 812

He2
4Pb +28

 412

e–2
0Bi +38

 412

e–1
0Po +48

 412

He2
4Pb +28

01 2

˜Uïñ«ËñW!‰:uÄ
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  v"Wîö<

  d:OîUz Ë …œœUî

   ñUë UJ:|ñ

:vÙW~OèU" ©pÅ:uëñW!® :v|ñœW< Ë :u8 s:OÑUÇñW! Wï«œ Â«Ë…œñW! :vM¶<«ñUÄ :u8 s:OJÑUÇñW!

 ÆW" s:OK3 Ë W" s:OÑUÇ UM¶<«ñUÄ :u! :u8ñW!WJ!

 Æ:u8 :v|U¶<:uîUî …ó:O! Ë :uA! ¨ñW! WM"Wë W" s:OK3 U| W" s:O¶<…œ ñWëWÙ Ë Æv|UOLOë :vë…œœUî ı …œWï X<…œ

  Æ«œ v|U<Uz s:OJ|UîñW! s:OJìW< ˜Uïœ WëWï v¶<WJÅ s:OAOÅ ñUºJ:Oz

•     Æd"WîËdJOî ÊU| ÊËËñ :vOJO¶<öÄ :vëW|W¶<«ñ•:väUÄWè ¸WÖœ p|uâ! :vOJO¶<öÄ :vëWÄuë

• pO¶<öÄCR-39 Æ•:vïbïUfiOïWç:OÄ U¶|dÅ

•                             ÊöOKë «dOºï“ ˛ „WëWìW8•v"ñ«ó§ìWÙ UëWïUÅ ÊU| :vïdë pAÙ «“WäUë

•  :v|ñW§:|;ñ UëW"ñUëcm 6*cm10               Æ•:vï«bJAO" s:|ñ…b:|˛

•                                              »:uJ<ËdJOî •  ”WèWî

 •    Æ:È“WäUë s:|d~!

 •          ©p|“ñ…œ® ”:u§ï…œ

 UÇñUÄ1È…Ë…ñW<Uï Uïdë X<Ëñœ

.1:v|ñœW< Ë „ñ:uÖ X<…œ Ë :u8 s:OÑUÇñW! WJ! ©:vM¶<«ñUÄ :u8® :v|dÖñW! s:OJÑUÇñW!

 ÆWMO!ñUJ! :vÙW~OèU"

.2 ¨…;d§! :vëWA:Oëô 2 cm*4 cm Æ:ÈñW§:|ñ U"ñUë ˛

.3 :vJO¶<öÄ :v|ôCR–39:È˛ vMOK#Wz vì:uÄ :vLKOã ÆWJ!ñU|œ ñW< ‰ vîWìWè s:OK:OÙ :ÈËWz

:v|ô ˛ XO! p|e:Oï Èœ UëW<UM:OÄ ÊU| :vë…ñUî˛ Uïôuë :u! WMO!ñUJ! :vï«bìUÄ U<u§ï…œ Ë WëWÑ

uë ÊËËñ UïbïUfiOï Wç:OÄ U"dÅ ˛ v|Wï“U! UJ|uâ! UëWÇñUÄ Uïdë X<Ëñœ vJO¶<öÄ UÇñUÄ

vJO¶<öÄ UÇñUÄ U| :vOÅUÄ :v|ô ñW< ‰ Wï«œ :v¶|dÅ :vÑWz ÆXO! WÑñ…œ ˛ :u! :vïbïUfiOï :v|ô

CR–39ñW< ‰ dO~:O3 :vë…u:OÅ » Ë ¨©vMOKO#Wz vì:uÄ » W|Uâ:OÄ Wëuï U"WÙ :v|ô ËWz®

 ÆWMOfiOM! Wç:OÄ :v|ñW§:|ñ U"ñUë UA:Oëô

.4:vÄuë :v|WÑñ…œ :v|ô ñW< ‰ UëW<UM:OÄ ÊU| :vë…ñUî˛ ¨dO~:O3 :v|d§4 vëW<ËuM:OÄ »

 :vJO¶<öÄ uë ¨«bOÄuë ˜Uïœ Wï«œ :È“WäUë g:Oëô ÆWfi:OçM! vJO¶<öÄCR–39W¶OÑWJ!

ÆÈñW< :v|ô

.5¨vÄuë :ÈñW< ñW< Wï«œ :vïUÅ ˛ pOâ! UëWÇñUÄ ÆWJ! vJO¶<öÄ :vÄuë :ÈñWfiì :vëWïuë

 Æ†WJ!ñUë :È“:u" :vMOï“ñUÄ vë…Ë uë

.6:v|U¶<:uîUî ‰WÖœ :ÈbïWÇ :vÑWz ∫ÂWJ:Oz® Æv"ñ«ó§ìWÙ W" :vN3 Èuz Wï«œ Ë«ËW" È…ËñW<Uï

 v¶A8 ‰ ÊU|ñUOï«“ ÊUÑWz Æ©WMO!d|uÙ :u81-˛ XOMOL! d|Ëœ …Ë…ñW<Uï X:OÑœ ÆWJ!ñUî:u"

 :vî…œ :u! «bON3 vÑœ :vï«˛WKÅ Ë :vïËuÇ p:O"3Æv"ULOë » ÊUO¶ãWÙ

.7Uïdë :u! WM|dÑe! :u8 :v|U¶<:uîUî :u! WÑ vîWÙ » È…Ë…ñW<Uï ¨ÊUO¶ãWÙ :v<ñWÙ UOÙUîËœ ‰

    Æ:vï«bJAO" s:O|ñ UM"ñUîóÙ Ë v|UOLOë Uïô:uë «ñU|dë
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 UÇñUÄ2 Êô:uë

.8 :vJO¶<öÄCR-39U"ñUë˛ Ë ñ…œWMO! vJ¶<öÄ ÈË :vÄ:uë ˛

ÆWëWÑ :vOÅUÄ :v|ô ˛ vMOKO#Wz vì:uÄ :vLKOã U| Ë WëWÑ :v| ñW§:|ñ

  :vJO¶<öÄ v| ñW< :v|ôCR-39«b:|dOºï“ UëWìW8 ñW< »

vëW|ô ñWÙ œ vë…d~! vë…Ë uë WëWÑ Ê«“WäUë :Èd~! Ë …d~!

Æ©√® :Èu:OÅ ‰ ñU|œ U| vë…Ë ¨«œ

.9:u8 :v|U¶<:uîUî …b! vJO¶<öÄ ¨XO!œ ÂUîW" …ñUë ˜Wz :vî…bì

  :ÈË«dOÖ «b:OÑU~M:OÄ :vÑWz œ Æ:vïôuë UÑU~M:OÄ :u!NaoH

s:OO:|ñ uë vJO¶<öÄ U|WÑñ…œ UMOÇ Uïd! :È˛ :u! ÆX:OÙœñUJ!

   Æs¶|œ WM:ON! UHìWz s:Oë:uïW"

 UÇñUÄ3 ÊUO:|ñ «ñUîóÙ ∫

.10Ê«Ë s:O| «œu3 s:|u:OÅ WJ4W< ÆWJ! vM! ‰ ©»® :Èu:OÅ UMMJAÄ

  :vJO¶<öÄ ˜Uïœ WM|ËuÇ UHìWz s:Oë:uïW" s:OO:|ËCR-39Æ«œ

» s:|ËWz UHìWz s:Oë:uïW" » ÊUMOz p:OÄ WM"UÙ v|Wï“U! s:OO:|ñ

ÊU| Æ«œ vJO¶<öÄ ˜Uïœ WM|ËuÇ ñWfiJ:Oz Ë q:OÙW¶<«ñ :vë…u:OÅ

UHìWz s:OëuïW" ˛ ËWz ¨W|WÙ ÊUëbïËñ UëWÄ:uìœ :Èu:OÅ s:OO:|ñ ËWz

p:OÄ ÈdëñU|œ UëWÅ:uÖ d:|˛ ‰ «bOJO¶<öÄ ˜Uïœ WM|ËuÇ s:|ËWz

 ÆWMO"UÙ

.11:v|d"Wî :vëW¶<«ñ ÊUO:|ñ UM¶|œ :u! Wï«œ vÄuJ<ËdJOî d:|˛ ‰ vJO¶<öÄ U| :u8 UïËuLï

:vÑWz ÆvÄuJ<:ËdJOî UM¶|œ :Èñ«u! :ÈdO" UïUçOÄ :u! vë…d"Wî:ËdJOî ÊU| ÊËËñ Ë vJO¶<öÄ

 UïdJï“Wî » rï UëWïUOÅ » :vïUçOÄ) x10( :v¶A8 ‰ :ÈdO" :vÑWz ÆWJ!1  ÆWJ!ñUî:u"

.12 :vJO¶<öÄ :v| ñW< :v|Ëñ ñW< ‰ :ÈñCR-39W|…œ ÈW¶OÄ :v| :u" uë W§¶<«ñ XAÄ ÆWïWÙ

p:OÄ WM"UÙ W| :Èñ ˜Wz Æ«œ Èdë ÊËËñ :Èu:OÅ ‰ s!œñU|œ :ÈËWz vë…Ë :Èñ Ë ÈËñ vÑWz

 :vJO¶<öÄ UïUï«œ » ÊUMOzCR-39X:OÑœ ÆÂ:u|œ«ñ » ÈUâ:OÄ :v| :vMèW" ˛ :vëWïUîUz ˜Uïœ

ñWëWÙ ¨†WëWïñU|œ :u8 » vJ|e:Oï s:OO:|ñ «ñUîóÙ ¨WÑW" » †W§|U" :vïËœ«ñ Èñ…“Ëœ

» Ë bMK! UïUOÅ :vO¶A" :vJÑUÇ :u! …ñ:uÙu~! :vÄuJ<ËdOî ¨s!WÙ ÊUO:|ñ ˛ Ê“Wî Uë…ñUîóÙ

 ™® Uïdë Ê“Wî40 :vJO¶<öÄ U| :u8 UÇñUÄ ÆWJ!ñUî:u" Ë WçOá! :vM¶|œ :Èñ«u! :ÈdO" Ë ¨©CR-

39 ‰ ÊUO:|ñ «ñUîóÙ :̈vÄuJ<ËdJOî U|WAOÅ WÇñUÄ ñW< ‰ Wï«œ10Ë …d:Oîó! «œu3 s:|ñ«u!

 :v¶A8 ‰ Ê«ñUîóÙ ÊUÑWz Ë ¨WJ!ñUî:u"2         ÆWJ!ñUî:u" «œ

UHìWz s:OëuïW" s:OO:|ñ

 ©√® :Èu:OÅ

 ©»® :Èu:OÅ
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ÊËËñ Ë ÊdëñUJOÅ

   Êdë

.1∫ÊU|ñUOï«“ UM¶fi‹J:|ñ ‰ ÊUO:|ñ UM"ñUîóÙ ¨«œW" s:O|ñUOï«“ U|d|uÙ œ ÈñUOAÙ UºïUîñUz ñW!˛10

U|W" UÇñUÄ » :vM" » :vë…ñW!ËËñ ‰ ÊUO:|ñU| :vçOï «ñUîóÙ ÆÊdë WM"UÙ «œu3 s:|ñW!ËËñ

® vJO¶<öÄCR-39 Æñ…œWMO! ©

.2∫ÊU|ñUOï«“ UM¶fi‹J:|ñU"WÙ Æs"ñUîóÙ W"UÙ W" U!uJ<ËdJOî UM¶|œ :Èñ«u! ˜Uïœ ÊUO:|ñ «ñUîóÙ

 ‰ ÊUO:|ñ «ñUîóÙ
2cmWMO!dJ! :Èñ«u! :ÈdO" Ævï«e! Èñ«u! vÑWz :ÈñW!ËËñ u" WOÑb:OÄ ¨Èd:Oîó!

 ¨W| v|Wï“U! :v| ñ«u! ∫vMO§:O"® ÆÈñW!ËËñ Uïdëd:Oî˛ :u!d = 2r,2rπA =©

.3∫ÊU|ñUOï«“ UM¶fi‹J:|ñ s:|bïW! ËËœñWÙ œ :vïdë ÊËËñ Ë :vïdëñUJOÅ s:Oç<ñW!1 ¨2«œ

 ‰ ÊUO:|ñ :u! :vçOï «ñUîóÙ Ë ¨WLO!ñUJ!
2cm Æ…d:Oîó!

ÈË :vî…œ Ë Èñ…“:Ëœ :vN3 s:O|ñUOï«“  ÊU|ñUOï«“ :v¶A81

 ÆvN3 ‰ Èñ…“:Ëœ UïUï«œ «ñ«ËñW!

 ÆvN3 ‰ Èñ…“:Ëœ UïUï«œ :vî…œ

¨Êñ«u8 «ñËË˛ ¨ÁW~ïUM:Oì :̈vM¶fiçï «ñËË˛® Èñ…“:Ëœ :vN3

©ÆÆÆ:vJfi|UÄ d:|˛ ‰ :̈vïdã «ñËË˛

 vN3 :v"Uè

 Èñ…“:Ëœ Uïdë«ñ «ñ«ËñW!

 Èñ…“:Ëœ Uïdë«ñ :vî…œ

 :vÄuJ<ËdJOî :Èñ«u! :ÈdO"

 ÊU|ñUOï«“ :v¶A82

 ñ«u!

ÊUO:|ñ «ñUîóÙ

ÊUëWìW8 s:Oë:uïW" ÊUO:|ñ s:O|ñUOï«“
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.4∫ÊU|ñUOï«“ UM¶fi‹J:|ñ :ÈbïW! ‰3s:OO:|ñ UM"ñUîóÙ ¨Èdë U|W" :vïdë ÊËËñ Ë ÊdëñUJOÅ ˛

 ‰ ÈdJîuë
2cmUM"ñUîóÙ :u! ÆvN3 ‰ Èñ…“:Ëœ UïUï«œ :vî…œ U"WÙ È…ËUî vîWÙ U|ó:|ñœ »

 ÆWJ! ‘W!«œ vN3 ‰ Èñ…“:Ëœ UïUï«œ s:| :̨Ëñ «ñUîóÙ ñW< ‰ :ÈñUî˛ :vÑWz ¨ :̨Ëñ p:Oz U| :ÈË

.5∫ÊU|ñUOï«“ UM¶fi‹J:|ñË ÆWJ! Âuë «b:OìuÄ œ Èœ s:O| ÈñUë s:Oî:uë s:O|ñUOï«“ ‰WÖœ :u8 s:O|ñUOï«“

‡! vïËœ«ñ UOëôUÇ s:O¶<Uz «b:O" uë WA:OJ! :u8 :vN3 :u! pAáÑWÙ :v|UA:Oë WA8Wï :vM:|Ë

Bq/LËpCi/L ÆÊWJ!ñU|œ W"ôUî :vN3 s|bïWÇ ‰ ¨

.1∫Ê«ñeÙ UïUMOz tº! :u! ÊWîW" íOïRn86
22

 » WïUfiëW|3.823X|ñ:u! :Èœ vî…œ ˛ bïWÇ Æ :̨Ëñ

    øXOMOîœ vïËœ«ñ U|dëñU|œ «;d! ˛ p:|ñUÇ U"WÙ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

.2∫ÊUïdJOèU" UïUA:Oë WA8WïÊ«ñUë:uÙ „…bMÙ «ñWÖWz » XO§! :vì ÊdJ:O"ñUë vïËœ«ñ UMOÅWÄ XO!œ

¨s"dÖñ…Ë WM:OÙœ ÈœñWz :v"Uè ‰ s:Oïbï«u8 ËWz ∫WïËuLï :u! vã«dÖu3 :vN3 :ÈñUë:uÙ q!˛

UïUA:Oë WA8Wï Æ©bMK! s:O"Uè® vïU! d:|˛ ‰ s:|“ñ…œ ‰ s"dÖñ…Ë WM:OÙœ s:|ËWz ˛ s|d"bMK! XO!œ

s:ON3 :v<U! Ë :vï«bJAO" s:|bMK! s:ON3 :v< U|«œu3 s:OïWL|œ UïdJOèU" :u! WJ! :vëWïdJOèU"

ñWëWÙ ÆÈœ s:|ñUë:uÙ ÊUÑWz UïdJ:O"ñUë UMOMJAÄ :u! È˛ ËWz ¨ÈUA:Oë :vA8Wï ñW< ‰ Âeï

ÆWMO! tº! «œ W" UMOì:uëWÑ ñW< ‰ ñU|;d! W" :v|U¶<:uîUî

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

    v¶AÖ s:OîUºïWzñ…œ



224

.3∫ÊUïdJOèU" UïUA:Oë WA8Wï :vJO¶<öÄ sO:OÅœCR–39:vï«bJAO" :u! s:OÙœ «dç|œ s:OMì:uëWÑ œ

p:Oz UM¶|œWÑ :u! WA:OJ! :vëWïdJOèU" :vA8Wï ÆsOMO!ñUJ! v¶ÅËd< vë…u:OÅ » †…b|Ëñ «ËWz

ÆWMO! tº! :vïdJOèU" ÆdëW" :vA8… ñW< ‰ ñU|d! W" :v|U¶<:uîUî ñWëWÙ Æ:vÙœ s:O|ñ«u! ˛

 • ÆUHìWz s:Oë:uïW" ©UçOì…œ® :Èñ«u!

 •Æ«b:O8Uz œ vï:Ëœ«ñ UOëôUÇ

 •ÆÊUÄ:uKÖ s:OÖñW! vë…Ë ˜ôW!ñW! :Èñ:u3 :u! :vï«bJAO" UOëôUÇ

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````



 v¶fiï«“ È… :̨Ë;dÄ ÈñUî:u"
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 v¶fiï«“ :v|…˛ËdÄ U|W¶8uÄ

.1 v¶AÖ UM|d:OM:Oì

s:|ñU|d! Ê«ËWz Æ:vMOìuJ:Oì U|WîUï Uïdë…œUîUz «ñU|dë ñWfiì UMOï«e:OÄ UMOfiOçï :u! WMO!ñUJ! :vîñuã :vÑWz

 ∫WfiOçM! vMOìuJ:Oì U|WîUï s:OJAÄ ÊUÑWz ˛ p:Oz ñWÙ :ÈñU!ñ…œ s"dÖñ…Ë WMO"UÙ

 v¶AÖ :v"W!U!

 †W§|U" :v"W!U!

 ©Â…ñWî® ZïUîUz

 X<W!Wî :vïW|ô

 UMOï«e:OÄ s:OOë…ñW< s:|ñ…b:|˛

Ë ZïUîUz Ë :vMOìuJ:Oì :v"W!U! UH<…Ë :u! W¶<ñ ËËœ ÊU| „W¶<ñ® :vMOìuJ:Oì U| †ñuë UëW¶8uÄ

Æ©ñ…œ WO"UÙ «ËWz Ë „ËñWÑUï

 ÈñU|dë s:OÑU~M:OÄ

:u! W" UM|dÑ“ :vî…œœ Ë vfiOçM! :È :̨Ëñ U|Ëó:Oî UfiOçï ÆÈ…˛ËdÄ U"ñ:uÄ«ñ pOÙU1œ UMOfiOçï ˛ :vî…œ

 ÆWfiOçM! È˛ ˛Ëñ :ÈË U|Ëó:Oî «œd¶ÅUÄ UëW|Ëó:Oîœ ÈdëñU|œ UëWÑU~M:OÄ

Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ vJ:Oá¶<…œ UMOfiOçï

 Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ  Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ  vJ:OÙUîËœ UMOfiOçï

Æ Æ Æ Æ  Æ Æ Æ Æ Æ vJìW8 «ñUJ|ñUN! ÊU| ØÊbïU~ïWfi˘WÙ :u8

Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ  vM:O~ïWfiìWÙ :vÑUï

Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ ÊËuÇ«b:OÄ
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