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˜Uïñ«ËñW!‰:uÄ

 ∫  †ñuë UëWç<ñW!∫ …b! ÈdëñU|œ :vN3 ‰ s:OÙœ s:|ñUO<dÄ ñW< ‰ :vç<ñW!

1Æ````````````````````  :v<Ëuï…;ñ Æ„:u¶< UïUM:Oì ˜Uï ‰II :vM<Uz :vï«œdÖ:uÖ ‰II:u! †…œœ :v~ìW!

Æ√  vM<Uz s:OK|œñWÖ «ñUîóÙ( Fe )Æ «bOÖu:OÅ UëW| ñW< ‰ s|WÙ

Æ»ÆvÖu:OÅ ö|œñWÖ » È«b:|dÖ v"«œdÖuÖ s:Oï:u|Uz «ñUîóÙ

ÆÃ ÆW| vM<Uz :vï:u|Uz :vÖñU!

ÆœÆvÖu:OÅ UëWëW| ñWÙ :u! W| vîWÙ :v!W3uî :vÖñU!

2Æ````````````````````Æ:Èœ X<«ñ :vÖu:OÅ » ÈUfi:Oçï :v|UOLOë :vÖu:OÅ ‰ W| vM! :v<Ëuï…ñ UM|;ñuÙuÖ :vîU$Wz ÈbMÙ

Æ√Æ†Wë :vÖu:OÅ » :vïbï«uï s:Oì:uî «ñUî˛ ‰ :vM|;ñuÙuÖ

Æ» Æ †Wëœ «b|W¶:|ËUz ‰ Èœ :vï:u|Uz ñW< ‰ s:OÖñU! œ :vM|;ñuÙuÖ

ÆÃ ÆÊbï«uï W"UÙœ :È˛ s|d!ñ…œ :ÈñW! :v¶:|ËUz ËWz W¶O!Uï bïWÇ ñWÙ ¨†Wë «bOÖu:OÅ œ :vM|;ñuÙuÖ

ÆœÆ†WëUï vÖu:OÅ ñW< ‰ ÊdJ:O"ñUë ı

3Æ  :vMOèWÄ :ÈœœUîTNT  W|WÙ ÈœñWÖ :vÖu:OÅ ˜Wz3)2(NO5H7C

Æ√ø…bïWÇ X:OÙœ p:OÄ :v|W¶:|ËUz ˜Wz s:OL8u" Ê«Ë «ñUîóÙ

Æ» ˛ «œñWÖ p:Oz ‰ vMOºfië:uz s:OK|œñWÖ «ñUîóÙ3)2(NO5H7C  ø …bïWÇ s|WÙ

ÆÃ ˛ «œñWÖ p:Oz ‰ s|WÙ s:OK|œñWÖ vîWÙ «ñUîóÙ3)2(NO5H7C  ø…bïWÇ ¨

ÆœX:OÙœ p:OÄ UëWïËu/ ‰ s|WÙ s:OK|œñWÖ «ñUîóÙ˛
2310*2 s:|œñWÖ3)2(NO5H7C  ø…bïWÇ «œ

4ÆøWïWÙ s:OÙœ s:OÖu:OÅ s:OëW| ˛ p:Oz ñWÙ ‰ WK|œñWÖ bïWÇ

Æ√2)3Ca(HCO.

Æ»11O22H12C.

ÆÃ3)2Fe(ClO.

Æœ2)3Fe(ClO.

5ÆÆ√ WOOÇ 53:Ëd"UïWï«Ëœ :ÈbOfiëuº:OÄ :v¶:|ËUz :vÖu:OÅ.

Æ» :vÅW!ËUÙ :v¶:|ËUz :u! „:u¶< UïUM:Oì ˜Uï2CS øWOOÇ

ÆÃ øWOOÇ “:Ëœdë:uÖ :vÅd" :vÖu:OÅ

Æœ :vÅd" :vÑUï4PO3H øWOOÇ

UJAÄ UïËuÇ«b:OÄ2-1

  v|UOLOë s:OÖu:OÅË ˜Uï

 :ÈbïW!1
s:O¶:|ËUz Ë ¯u:OÅ

v|UOLOë
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>̃Uïñ«ËñW!‰:uÄ

6Æ :v¶A8 :u!2-1 :È;ñWÄô14 :v¶A8 œ v!U"uè UëËu"ñWÄ ˛5-1 :ÈñWÄô È18s:OïËu/ » Èbï…u|WÄ «ËWz ¨…dÑe! «bO!U"uè UëËu"ñWÄ œ

   Æs!WÙ WÑ WK|œñWÖ s|bïWÇ s:OÅd" Ë ÊUï:u|Uz s:OÖu:OÅ Ë ˜Uï ñW< ‰

Æ√ÆX:OÙœ vÙUîËœ “:Ë≠  » ÊU| p| ≠» vÅd" :vÑUï v~ïWë Uë WJ! ñU|œ ¨ WJ! :vëWïbï«ó! :v|W¶8:uÄ

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

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

Æ»ø†WëUï :vÄ X<…œ v~ïWë Ë †Wëœ :vÄ X<…œ v~ïWë ≠ :Ëñb|UÙ :Èd~A:OÄ » vÅd" :vÑUï UïdëWÑ:ËdÅ ¨WJ! :vëWïbï«ó! :v¶8:uÄ

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

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

7Æ∫ WJ! È˛W" «œ X:OÙœ :v¶A8 s:OOÙôUÑ

ÈW¶:|ËUz :vÑUïÈË :vÖuOÅ

Â:uOMîuìWz :Èb|œdÖ:uÖ

Â:uOMîuìWz :v¶|œdÖ:uÖ

2 PbCl

(NH4)3PO4

p|œ:u|:Ëñb|UÙ vÅd"
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UJAÄ UïËuÇ«b:OÄ2-1

  :vïUfiëuz s:|ñUî˛

 ∫  †ñuë UëWç<ñW!∫…b! «œ ÈdëñU|œ :vN3 œ s:OÙœ s:|ñUO<dÄ ñW< ‰ :vç<ñW!

1Æ∫  ñ…œWMO! s:OÙœ s:OïËu/ ˛ p:Oz ñWÙ ‰ ÈdëñU|œ :vëWL8u" ñWÙ :u! :vïUfiëuz «ñUî˛

Æ√S Wì3SO2H«œ.
Æ»S Wì4MgSO«œ.
ÆÃS WìS2K«œ.
ÆœCu WìS2Cu«œ.
ÆÁCr Wì4CrO2Na«œ.
ÆËH Wì

–)3(HCO«œ.
Æ“C Wì

–)3(HCO«œ.
ÆÕN Wì

+)4(NH«œ.

2ÆÆ√ ® :ÈœdÖ:uÖ Èb|ñ:uKë :v¶:|ËUz :vÖ:uOÅIIøWOOÇ©

Æ» :v¶:|ËUz :vÑUï2NO øWOOÇ „:u¶< :vîW¶fiO< n|Ëbì

3ÆÆ√VOìU< UïUfiëuz «ñUî˛ Â…œñWÙ :vL8u" ÈË UïdJïUAOM¶<…œ :u! WMO!ñUJ! v¶:O§ìU<:ËñUë s:O|UN!

Æ«œ vï«Ëœ :vëW¶:|ËUz ñWÙ ‰ XO!œñU|œ :vî…bì W|WÙ

Æ»:ÈñU! ‰ :vî…œ ‰ ¨WOOÇ :ÈË :vÖu:OÅË  √ UÇñUÄ ‰ UïdJH<…Ë WO"UÙ :vL8u" UïUfiëuz «ñUî˛

 ø XO! «bOL8u"

4Æ  :vïUfiëuz s:|ñUî˛ ÈWëWïW" XO!œ+2¨+4  :ÈË :vÖu:OÅ Ê«Ë ˛ p:Oz ¨XOMOzœ p:OÄ ˜ö!W! s:|bOfiëuzËËœ Ë s!WÙ2SnOÆ

Æ√ :u! „:u¶< :vÑUï®2SnOøWOOÇ

Æ» øWOOÇ Èœ :v| ÈWëWïW" :ÈbOfië:uz :u! ©:vJ:Oá¶<…œ® v|U"…ñW< :vÖu:OÅ

5Æ∫…b! ÊUÑ ‰ :vç<ñW! XO!WÙ 53:Ëd¶|Uï Wï«Ëœ :ÈbOfiëuz WïUO:O< ‘W!ËUÙ :v¶:|ËUz » Èbï…u|WÄ «ËWz

Æ√ øWOOÇ 53:Ëd¶|Uï Wï«Ëœ ÈbOfië:uïUO:O< :vÖu:OÅ

Æ» UëWK|œñWÖ ñWÙ :u! :vïUfië:uz «ñUî˛NÆWJ!WÑ:ËdÅ :v|ñU|d:Oî˛ UJ:|ñ øWOOÇ «b|W¶:|ËUz vÑ œ

ÆÃ øWOOÇ 53:Ëd¶|Uï Wï«Ëœ ÈbOfië:uïUO:O< :u! „:u¶< UïUM:Oì ˜Uï

 :ÈbïW!1
s:O¶:|ËUz Ë ¯u:OÅ

v|UOLOë

˜Uïñ«ËñW!‰:uÄ
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.6:vïUfiëuz s:|ñUî˛ ¨†…b! Êdë 5! g:OÄWï s:OîU$Wz vî«bïWz s:O¶:|ËUz „…bMÙ œ ÊUL8u" :u! †W§|U" :v| :vïUfië:uz s:|ñUî˛ XO!œ

∫ ñ…œWMO! s:OÙœ s:O¶:|ËUz ‰ :vëWK|œñWÖ ñWÙ :u!

Æ√2CO©Ê:u!ñUë :ÈbOfië:uï«Ëœ®

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

Æ»4CH ©ÊUß:Oî®

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

ÆÃ6O12H6C ©“:uëuKÖ®

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

Æœ8H3C ©ÊUÄ:Ë;dÄ «“UÖ®

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

.7ø…bïWÇ s:OÙœ s:|ñU! ‰ s|WÙ s:O¶:|ËUz ‰ vëWL8u" ñWÙ :u! :vïUfiëuz «ñUî˛

Æ√ s<Uz UïËu! v~ï…˛3O2FeÆX:OÙœ p:OÄ sÑWë Uë…ñUîe! ñW< ‰

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

Æ» 53:Ëd¶|Uï :ÈbOfië:uzWï«Ëœ ö:OJ|Ëœ » ÈUèW< :v|«ËWÙ UïËu§fiOÄ2NOÆ

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

ÆÃ vî:Ë;dë :ÈbOfië:uzWï«Ëœ2CrO Æ©XO<Uë® «œ :vïdëñUîu" s:O¶|dÅ U|“U<WA:OÄ œ ÊUMOzñUJ! W¶:OÙœ

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

˜Uïñ«ËñW!‰:uÄ
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UJAÄ UïËuÇ«b:OÄ3-1

v|UOLOë s:OÖu:OÅ UïUMOzñUJ!

 :ÈbïW!1
s:O¶:|ËUz Ë ¯u:OÅ

v|UOLOë

∫ †ñuë UëWç<ñW! Æ…b! ÈdëñU|œ s:ON3 ‰ s:OÙœ s:|ñUO<dÄ ÊUÑ Uç<ñW!

.1∫ WJ! ‘Wë g:OÄ :u8 Uç<ñW! UO¶<«ñ U"Wº:OÙ Ë …b! ‘UÅ ÊU| X<«ñ » s:OÙœ s:OM|;d!ñ…œ ñW< ‰ :vç<ñW!

Æ√ XO!WÑWz œñWÖ p:Oz :u! :vÖu:OÅ :v¶<ñU! ñWëWÙ amux :Èœ v :̆uî :v¶<ñU! UºÑWz ¨ g/molxÆXO!

Æ»s:O¶<ñU! :Èœ Ufi|œ ¨s|WÙ ÊUfiëW| s:O :̆uî s:|ñUî˛ Ë «œu3 s:O|UOLOë s:|œœUî ËËœ ˛ s"dÖñ…Ë WMO"UÙ s:OïËu/

Æs!WÙ ÊUfiëW|

ÆÃÆs!WÙ ÊUfiëW| s:|œñWÖ s:|ñUî˛ :Èœ ¨«œu3 s:O|UOLOë s:|œœUî ËËœ ˛ s"dÖñ…Ë WMO"UÙ s:OïËu/

.2 ˛ :vëWïËu/ ‰ XO!WÙ vëWL8u" ñWÙ s:O :̆uî «ñUî˛10.0 mol ˛2)3Ca(NO ø…bïWÇ

∫ ”dÄ Æ…b! :ÈË :u! †W§|U" U| ôUÑ ‰ :v|ñU|d:Oî˛ UO:|ñ UïdJïËËñ » s:OÙœ s:|ñUO<dÄ ñW< ‰ :vç<ñW!

.3  :ÈË U¶<ñU! „W|WïËu/10.0 g È“UÖ :vï:u!ñUë:Ëñb|UÙ «“UÖ˛4H3C∫s:OÙœ s:|ñUO<dÄ ñW< ‰ :vç<ñW! :u! WMO!ñUJ!¨

Æ√ øWï«b:OïËu/ :vÑœ :̧uî bïWÇ

˜Uïñ«ËñW!‰:uÄ
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Æ» UïËu/ œ œñWÖ bïWÇ4H3C øWïWÙ «œ

ÆÃ  :vï:u!ñUë s:OK|œñWÖ bïWÇCøWïWÙ «b:OïËu/ :vÑœ

Æœ ø …bïWÇ «b:OïËu/ :vÑœ vMO3:Ëñb|UÙ :u! ÈœW< «ó:|;ñ

.4 UMOîuìWz :v¶<…ñWë ˜Wz ¨vî:uOMîuìWz :v|«eïUë :u! vë…ñW< :Èñ…b:|˛3O2AlÆW|

Æ√ :u! :v"UNJ:OÄ U|œW< «ó:|;ñAløWJ!ñU|œ «b|W¶<…ñWë :vÑœ

Æ»  ˛ 5MO!ñ…œ s:OÅœ vî:uOMîuìWz ˛ Â«dÖ:uKOë bïWÇ2000.0 kg øÈUMOî:uìWz ˛

.5 v¶:|ËUzA  :ÈË U| v :̆uî U¶<ñU! ¨20 mol Èœ :v¶:|ËUz ËB  :ÈË U| vì:uî U¶<ñU!30 g/molÆ

Æ√   :u! :vî«dÖ » W¶<ñU!10 mol  :v¶:|ËUz ˛Aø…bïWÇ

Æ»  œ :̧uî bïWÇ5.0 g  :v¶:|ËUz ˛B øWïWÙ

ÆÃ  :v¶:|ËUz ˛ :̧uî bïWÇB  :u! W¶<ñU! ËWz uë U"WÙ W| vÑb:OÄ W"6.0 mol :v¶:|ËUz ˛A

  øXO!Wç¶<…b!

˜Uïñ«ËñW!‰:uÄ
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UJAÄ UïËuÇ«b:OÄ4-1

v|UOLOë s:OÖu:OÅ UïdëñU|œ

 :ÈbïW!1
s:O¶:|ËUz Ë ¯u:OÅ

 v|UOLOë

∫ †ñuë UëWç<ñW! Æ…b! ÈdëñU|œ s:ON3 ‰ s:OÙœ s:|ñUO<dÄ ÊUÑ Uç<ñW!

.1∫Wfi:OçM! :ÈñU8 ‰ s:O|œñWÖ s:OÖu:OÅ :u! v|U"…ñW< :vÖu:OÅ

Æ√4O6H2C

Æ»5O2N

ÆÃ2Cl2Hg

Æœ12H6C

.2 vï:u!ñUë:Ëñb|UÙ ˛ p:Oz :v|U"…ñW< :vÖu:OÅ2CH  :ÈË :vO :̆uî U¶<ñU! Ë56.12 g/mol:vÖu:OÅ ¨

øWOOÇ :ÈË :v|œñWÖ

.3vï:u|Uz :vëW¶:|ËUz0.012 mol Â:u|œ:u< ˛0.012 mol ÈœdÖ:uÖ˛0.018 molÆW|«b:O" vMOºfië:uz ˛

Æ√øWOOÇ ÈË :v|U"…ñW< :vÖu:OÅ

Æ»ÆWJ! ÈW¶:|ËUz vÑ :u! vëWÑUï «ñUOMA:OÄ

∫ „…ñUO<dÄ bïWÇ∫Wfi:OçM! :ÈË :u! †W§|U" U|ôUÑ ‰ :ÈË :v|ñU|d:Oî˛ UO:|ñ UïdJïËË;ñ » …b! s:OÙœ s:|ñUO<dÄ ñW< ‰ :vç<ñW!

.4 «ñUO<dÄ ‰ ÊdëWÅW~ïWÖ W"UÙ WM|ñu˙! UÑUz ÈbMÙ15-1 :ÈñWÄô ‰36-35:vfiî :v"«œdÖuÖ U|bïu" UîñWÖ Ë Æ«bO!U"uè UëËu"ñWÄ ˛

(II)‰ :vï«œ í<ñW! :u! WMO!ñUJ! X:OÙœ :v¶A8 ‰ Ê«œWMO"UÙ s:O|ñUOï«“ Æ:Èu8 ˛ :vÑUz s:|œñWÖ UïbïUL˘WÙ :u! †WëœñUë :vÑUz¨

Æ…b! s:OÙœ «œ í|Ëbì s:|ñUO<dÄ ñW<

©˝èœu!® ôUÑ :v| ÈW" :u! U¶<ñU!4.00 g

:vïdë ÂñWÖ ÈñW! :vïËu/ ‰WÖœ ÈW" :u! U¶<ñU!4.50 g

   :vïdë ÂñWÖ v¶AÄ :vL:|˛ñ :v¶<ñU!4.32 g

:ÈËËœ Uïdë ÂñWÖ v¶AÄ :vL:|˛ñ :v¶<ñU!4.32 g

Æ√ø ñ…œWMO! «bOë…ñW< :vïËu/ ‰ s:|ñ:uK! UÑUz :u! ÈœW< «ó:|ñ

Æ»  W|WÑWz ÈW¶:|ËUz :vÖu:OÅ ñWëWÙO2Hx•
4CuSO  :v|UN! UÄxø…bïWÇ

˜Uïñ«ËñW!‰:uÄ
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ÆÃ øWOOÇ :ÈËËœ Uïdë ÂñWÖ ˛ ZïUîñUz

.5«“UÖ :u! :v¶<ñU! UM"UNJ:OÄX  ËWz24.0% Ë Wï:u!ñUë76.0%∫ …ñ:uKã

Æ√ «“UÖ :u! v|U"…ñW< :vÖu:OÅXøWOOÇ

Æ»  «“UÖ :u! v :̆uî :v¶<ñU! XOï«e! ñWëWÙX » WïUfiëW|200.04 g/mol:vÖu:OÅ :ÈñWz ¨

øWOOÇ ÈË :v|œñWÖ

.6 „W|W¶:|ËUz vM"UNJ:OÄ W¶<ñU!43.2% Ë fî24.1% Ë ñ:uKë32.7%ÆWMOºfië:uz

Æ√Æ WJ!ñU|œ :ÈË :v|U"…ñW< :vÖu:OÅ

Æ»  „:u¶< :vîW¶fiO< í|Ëbì ¨√  UJAÄ ‰ :vëW|W¶:|ËUz :vÑUïSTOCKÆWJ! ˜UM!

˜Uïñ«ËñW!‰:uÄ
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∫ †ñuë UëWç<ñW! Æ…b! ÈdëñU|œ :vN3 ‰ s:OÙœ s:|ñUO<dÄ ñW< ‰ :vç<ñW!

.1∫Wfi:OçM! s:OÙœ s:O¶:|ËUz :vÖu:OÅ

Æ√® :vfiî :v"Uï:u!ñUëII©

Æ»Â:u|œ:u< :Èb|œdÖ:uÖ

ÆÃ Â:uOï:uîWz :v"UH<:uã

Æœ® WëWïW" :Èb|œdÖ:uÖIV©

ÆÁ “:Ëd¶|Uï :vÅd"

.2∫ Wfi:OçM! X:OÙœ :ÈñU8 ‰ :vëW¶:|ËUz ñWÙ :vÑUï „:u¶< :vîW¶fiO< í|Ëbì

Æ√2)4Mg(ClO

Æ»2)3Fe(NO

ÆÃ3)2Fe(NO

ÆœCoO

ÆÁ53:Ëd¶|Uï Wï«Ëœ :ÈbOfië:uz ÂWºM:OÄ

.3 :vÖu:OÅ ‰ WK|œñWÖ bïWÇ2)4Ca(HSOøWïWÙ «œ

Æ»  s:OK|œñWÖ ˛ :̧uî bïWÇO  ‰¨0.50 molø WïWÙ «œ ÈW¶:|ËUz vÑ :vïËu/ ˛

ÆÃ «ñUî˛ÈœdÖuÖ :u! :vïUfië:uz S    :vï:u|UïUz ‰4
–HSO øñ…œWM|

.4∫WJ!ñU|œ X:OÙœ s:OÑWz ˛ p:Oz ñWÙ ‰ ÈdëñU|œ :vëWL8u" ñWÙ :u! :vïUfiëuz «ñUî˛

Æ√  ‰ 53:Ëñb|UÙ2O2H«œ

Æ»  ‰ 53:Ëñb|UÙ2MgH«œ

ÆÃ  ‰ œdÖ:uÖ8S«œ

Æœ  ‰ Ê:u!ñUë
2–)3(CO«œ

 ñ:u3WîWÙ UïËuÇ«b:OÄ

 :ÈbïW!1
s:O¶:|ËUz Ë ¯u:OÅ

v|UOLOë

˜Uïñ«ËñW!‰:uÄ
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Æ‡Ù  ‰ Â:Ëdë7O2Cr2Na«œ

Æœ  ‰ 53:Ëd¶|Uï2NO «œ

∫„…ñUO<dÄ bïWÇ∫:ÈË :u! †W§|U" U|ôUÑ œ :v|ñU|d:Oî˛ UO:|;ñ UïdJïËËñ » s:OÙœ s:|ñUO<dÄ :u! :vç<ñW!

.5 ∫ Ê«Ë˛ p:Oz ñWÙ U¶<ñU| í|Ëœ ‰ WJ! ó:|ñ ñËË˛Ë…ñW! ñW< ¨«œu3 s:O¶:|ËUz ñUÇ :u! ÊWïËu/ s:OÙœ s:OÑWz ‰

Æ√25 gvMOºfië:uz «“UÖ

Æ»l1.00 mo ˛O2H

ÆÃ
2310*3 ˛ œñWÖ6H2C

Æœ
2301*2 ˛ œñWÖ2O6H2C

.6Æ√ øWOOÇ Â:u|œ:u< :ÈbOfië:Ëñb|UÙ :vÖu:OÅ

Æ»øWOOÇ Â:u|œ:u< :ÈbOfië:Ëñb|UÙ :u! v :̆uî :v¶<ñU!

ÆÃ:u! :vî«dÖ » W¶<ñU!0.25 molø…bïWÇ Â:u|œ:u< :ÈbOfië:Ëñb|UÙ ˛

.7 ÊUßOz «“UÖ :u! :vM"UNJ:OÄ U| ÈœW< «ó:|;ñ6H2C øX<«ñ Uë…ñUî˛ :u! Êdë p|e:Oï » ¨WOOÇ

.8 ˛ UëWÇñUÄ® W~ïdÖ Uë…dëWÅ WÑWz ¨“:uá|«;ñRNA » WïUfiëW| v˘:uî U¶<ñU! Ë ¨©150.15 g/molñWëWÙ ¨

 XO! WÑWz :ÈË :v|U"…ñW< :vÖu:OÅO2CH øWOOÇ ÈœñWÖ :v| :ÈË :vÖu:OÅ :ÈñWz ¨

˜Uïñ«ËñW!‰:uÄ
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.9 ÊU"uO! «“UÖ10H4Cø ÊUMOzñUJ! W¶:OÙœ vïWîW"Ëu< „…Ë Ê«ñU3 U|d¶Ä

Æ√  :u! ÊUî«dÖ » W¶<ñU!3.00 mol ø…bïWÇ vïU"uO!˛

Æ» øW|WÙ «œ WëËuï ÈñW! UïËu/ œ œñWÖ bïWÇ

ÆÃøW| vÇ :È“UÖ :u! :vJ:Oá¶<…œ :vÖu:OÅ

.10:ÈË U?O?˘:u?î U?¶<ñU?! Æ:v?ëd:O?8 s:O?îu?ë :u?! 5M?O?!ñU?J?! 5:OÅœ ¨W<Ëu?ì Ë ‘W?!ËU?Ù :v?ëW?¶:|ËU??z ¨s??O??ìU??ß??ãW??ï

 128.18 g/mol • WÑWzËC93.75 • Ë Ê:u!ñUë6.25XAÄ » ÈœñWÖ :v| :ÈË :vÖu:OÅ ÆW|WÙ 53:Ëñb|UÙ

ÆWJ!ñU|œ s|«œ s:O|ñUOï«“ ÊUÑ ‰ 7<W!

.11 W|WÑWz vMO":uJOï :vÖu:OÅzNyHxC¨ s"u< W¶:ON! vMOºfiëuz ˛ WAî UïËu!WÙ ‰WÖœ :È˛ „WïËu/ ÈWJ!ñU|œ :ÈË U"UNJ:OÄ U"WÙ Æ

 ∫ÊËu! ÂU$Wz

1.0 mol2CO

0.70 molO2H

0.20 mol2NO

 ∫ …b! s:OÙœ s:|ñUO<dÄ ñW< ‰ :vç<ñW!

Æ√Æ …bïWÇ «b:OM"Ëu< s:OîWÙñW! ‰ s!WÙ :vï:u!ñUë s:O :̆uî «ñUî˛

Æ» Æ…bïWÇ «b:OM"Ëu< s:OîWÙñW! ‰ s!WÙ :vMO3:Ëñb|UÙ s:O :̆uî «ñUî˛

ÆÃ Æ…bïWÇ «b:OM"Ëu< s:OîWÙñW! ‰ s!WÙ :vMO3:Ëd¶|Uï s:O :̆uî «ñUî˛

˜Uïñ«ËñW!‰:uÄ
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Æœø†…œb:|dÖ W"U|ñU|d:Oî˛ ñW< » :u8 U¶AÄ uë :v| øWOOÇ vMO":uJOï :v| vJ:Oá¶<…œ :vÖu:OÅ

Æ‡Ù «ñW§ÑUïœ U| vMO":uJOï  :u! v :̆uî U¶<ñU! uë 7|œ W"UÙ ¨«œu3 UëWïdJOèU" ‰150 g/mol Ë180

g/mol ø…bïWÇ :vî«dÖ » Êdë p|e:Oï » vMO":uJOï :u! v :̆uî U¶<ñU! :ÈñWz ¨

.12 vî:uOfiOMÖWî v"Uï:u!ñUë :u! bïu" UïdJîñWÖ :vî…bì)s(3MgCO ‚…;ñ :vî:uOfiOMÖWî :ÈbOfië:uzMgO «“UÖ Ë XO!œ «b|WÄ2CO

 ÆXO!œ «b|WÄ

Æ√ø…bïWÇ :vïdJîñWÖ ˛ «œ v"UÙ ÂWÙñW! :v¶<ñU! œ :vïdJL:Oë U|œW< «ó:|;ñ

Æ»  s:OK|œñWÖ ˛ :vëWK|œñWÖ ñWÙ :u! :vïUfiëuz «ñUî˛3MgCO ø…bïWÇ

ÆÃ  :vî…bì :vï:u!ñUë U| :vïUfiëuz «ñUî˛ :ÈñWz2COøs|;ñuÙuÖ W¶:OÙœ XO!œ «b|WÄ

˜Uïñ«ËñW!‰:uÄ
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.4® vfiî :Èb|ñ:uKã ‰WÖœ Â:uOMîWìWz UJ:OìñUë ˛ :vM|;d!ñ…œ uë @ïW<ËUÙ UO|UOLOë UA:OëËUÙII:Èb|ñ:uKã UïUMO£J:OÄ :u! †Wëœ ©

ÆWfi:OçM! fî Ë Â:uOMîWìWz

.5:v¶<W8 :vç|“ :vï«d¶ï :ÈË«dOÖ s:OÄ:u˘œ bïWÇ †Wëœ vÑb:OÄ :vÑUz s:O|ñ…b:|˛ U| d|u< UïdJOèU" :u! X:OÙœñUJ! 5:|uÙ ˛ p:Oz

:Èb|ñ:uKë :v|Ëu¶AOï Ævç|“ :v"«d¶Oï ‰WÖœ «b:OÑUz œ …Ë«u" u! :vî:u|œ:u< :Èb:|ñ:uKë UïdJìWJ:O" :vî…œ Æ «b:OÑUzœ WïWJ! ÈdJ|ñU|œ

 Æ…;d§!ñ…œ @ïW<ËUÙ UO|UOLOë UëWA:OëËUÙ » :v¶<;ñ :vÑ ÆXOK:OÙœ «b|…Ë«dOÖœ vî:u|œ:u< :v"«d¶Oï X:OÙœ p:OÄ vç|“

:v"ñWë UïËuÇ«b:OÄ1-2

 v|UOLOë s:OJ:OìñUë UH<…Ë

 :ÈbïW!2
s:OJ:OìñUë ËWA:OëËUÙ

v|UOLOë

˜Uïñ«ËñW!‰:uÄ
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.6   Æ WJ! @ïW<ËUÙ :Èñ«u8 ‰ UA:OëËUÙ

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

.7 «“UÖ ˛ :u8 5:OÅœS2H „…Ë :vëW¶H" » :ÈË «dJA:OJÑWÙ » s|WJ˘U"ñ:uè ÈdÙ…˛ U|NaOH:vÑ U~ïW<ËUÙWï UA:OëËUÙ

 ∫ 5fi:Oçï W¶:OÙœ :Èñ«u8 ‰ „…Ë :vJ:OìñUë

 ∫vfi:Oçï :Èñ«u8 ‰ UÑWz ¨†WJ! @ïW<ËUÙ :vA:OëËUÙ :vÑ Èdë vë…“«u8d:Oã ˛ «“U8«œ :vî…œ

vÑb:OÄU| X<Ëñœ Ë @ïW<ËUÙ UA:OëËUÙœ WMO!:u8 Uç<ñW! :u! :vëW|W~ìW! øW¶<«;ñ U| :ÈñWz øW~ïW<ËUÙ WA:OëËUÙ ˜Wz :ÈñWz

 ÆWfi:OçM!

∫„…ñUO<dÄ bïWÇ ∫WJ!ñU|œ ÊdëñU|œWO"UÙ :u! UOÙôUÑ œ :vM"ñUîóÙ UJ:|ñ ¨ …b! :Èñ«u8 ‰ s:|ñUO<dÄ ÊUÑ  Uç<ñW!

.8 ∫†Wëœ ñU|œ Ê«œñWÖ «ñUîóÙ Ë Êü:uî «ó:|;ñ «:u! «œ @ïW<ËUÙ UëWA:OëËUÙ œ :vJ˘uë:ËUÙ uë XO!W" «dO! ‰

Æ√ s:O :̆uî «ñUîóÙ ¨ :Èñ«u8 ‰ U~ïW<ËUÙ UA:OëËUÙ :vÑ í|Ëœ ‰2COUM"u< ˛ uë ø…bïWÇ

mol10 Æs!œ «b|WÄ

Æ» s:O :̆uî «ñUîóÙ2O ø …bïWÇ ÈdëñUë :È

NaHCO3(s) Δ→ Na2CO3(s) + H2O(g) + CO2(g)

NaOH(aq) + H2S(g) → Na2S(aq) + H2O(l)

NaOH(aq) + H2S(g) → Na2S(aq) + H2O(l)

C3H4 + 4O2 → 3CO2 + 2H2O

C3H4

˜Uïñ«ËñW!‰:uÄ
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∫†ñuë UëWç<ñW!Æ …b! ÈdëñU|œ :vN3 ‰ :Èñ«u8 ‰ s:|ñUO<dÄ Uç<ñW!

.1 ÆWJ! †ËuºÑWÙ †…œœ ÊUAOï :v¶<«;ñ :v|ô ‰ «ËWz ‰WÖœ :vÄWÇ :v|ô ‰ UA:OëËUÙ UïËu/

 s"d~ëW|Æ√AY + BX→AX +BY

 ÊUÅ…u˘WNJ:OìÆ»X + B→A +BX

 Xë UM|;ñuÙu~J:OÄÆÃAX→A + X

    †Ëu3 UM|;ñuÙu~J:OÄÆœA + X→AX

ÆÁ AX + BY→AX + BY

.2 «b:OA:OëËUÙ :vÑœ)aq(3)3) + 2Al(NOs3Fe(→)aq(2)33Fe(NO+)s2Al( ÆWO"dÖ vM<Uz :vN3

Æ√ †«d¶OïÆÃ Â:uOMîWìWz

Æ» ˜UzÆœ sO3:Ëd¶Oï

.3    Æ†…œœ ÊUAOï «bî…œ p:Ozœ :vM"d~J:Oz Ë s":u< UJ:OìñUë :Èñ«u8 ‰ s:O|UOLOë s:OJ:OìñUë ÊUÑ˛ gOë

Æ√)g(2 CO→)g(2O+)s(C

Æ»)lO(2) + 10Hg(28CO→)g(213O+)l(10H42C

ÆÃ)g(2) + 6Oaq(6O12H6C→)g(O26H+)g(26CO

Æœ)lO(2) + 6Haq(26CO→)g(26O+)aq(6O12H6C

.4∫ WJ!ñU|œ s!œ «b|WÄ :Èñ«u8 ‰ s:|œœUî UïdëWÑ:ËdÅ ˛ s:OîWÙñW! U<UM:OÄ

Æ√ vï«ËËœ :vëW|W¶:|ËUz

Æ»vëW|«eïUë :Èbfië:Ëñb|UÙ

ÆÃ  vëW|«eïUë v"Uï:u!ñUë

Æœ vÅd"3SO2H

.5 ∫ WAî :vëWMOºfië:uz ‰WÖœ vëWï:u!ñUë:Ëñb|UÙ UîU9 UM":u<```````````````````` Ë````````````````````ÆXO!…œ «b|WÄ

:v"ñWë UïËuÇ«b:OÄ2-2

 v|UOLOë s:OJ:OìñUë s:|ñ:u3

 :ÈbïW!2
s:OJ:OìñUë Ë WA:OëËUÙ

v|UOLOë

˜Uïñ«ËñW!‰:uÄ
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.6vÅUÄ ¨ÊUÖu:OÅ UO¶<Ëñœ ˛ W§¶<«ñ XAÄ WJ! 6!«b|WÄ uë XO!œ s:OîWÙñW! UOMO§A:OÄË ¨WJ! s:Oì:uÄ :Èñ«u8 ‰ s:OJ:OìñUë ñ«uÇ ÊUÑ

ÆWJ! @ïW<ËUÙ ÊUA:OëËUÙ ÊUÑ

Æ√→)aq(NaI+)aq(2Cl

Æ»→)g(2N+)sMg(

ÆÃ→)aq(S2H+)aq(2)3Co(NO

Æœ→)g(2O+)lOH(5H2C

.7  5KO¶O<Wz2H2C Æ†WJ! «b|WÄ «eïUë UïdJLO4Wì :u! vÑb:OÄ «bMK! UOîñWÖ öÄ uë«œ X| :̨u<œ

Æ√ UM"u< :u! @ïW<ËUÙ UO|UOLOë UA:OëËUÙ2H2C ÆWfi:OçM! «bMOºfië:uz œ

Æ» ˛ :̧uî bïWÇ2CO UM":u< ˛ s!œ «b|WÄ1.0 mol2H2Cø

ÆÃ ødëñUë vMOºfië:uz «“UÖ :̧uî bïWÇ

.8:v"Uï:u!ñUë Ë Â:u|ñU! :Èb|ñuKë s:|Ë«dOÖ ËËœñWÙ Uïdë ‰WJ:O" :vî…œ ‰ †…œœËË;ñ UJ:OìñUë :u! @ïW<ËUÙ UO|UOLOë ÈWA:OëËUÙ

 ÆWfi:OçM! vî:u|œ:u<

.9 UMOîuìWz :vÑU8 :v|Ëu§KÅ :v!…ñUë » «b|“U<WAOÄ œ Â:uOMîuìWz3O2Al:v!…ñUë » U| @ïW<ËUÙ UO|UOLOë UA:OëËUÙ ¨ÊWëœ …œUîUz

 :v|Ëu!…ËWKÅ «ËWïËu§OÅ3O2Al ÆWfi:OçM!

˜Uïñ«ËñW!‰:uÄ
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∫ †ñuë UëWç<ñW!  :v¶A8 U|ñUJ|ñUÙ » Æ…b! :Èñ«u8 ‰ s:|ñUO<dÄ ÊUÑ Uç<ñW!3-2  …;ñWÄô :v|69 Æ«bO!U"uè U§:O¶ë :È

.1ÆÊdÖWï vMO3:Ëñb|UÙ :vN3 WJ!ñU|œ ÊU|«eïUë ñ«uÇ

.2 øXOMOzUï p:OÄ :ÈbOfiëuz óOë Ë XOMOzœ p:OÄ :ÈbOfiëuz :u8ËW¶<«;ñ Ê«Ë óOë ¨WçOç|“ Ë s<Uz ÊU|«eïUë ËËœñWÙ » È«b:|dÖ «ËWz

.3 ø …d¶ëôUÇ óOë :Èñ«u8 ‰ s:OL8u" †:u3 ÊUÑ˛ p:Oz ñWÙ˛

Æ√2F h2I

Æ»K hMn

ÆÃH hCu

.4ÈWëœ vMO§A:OÄ UJ:OìñUë :u! @ïW<ËUÙ UO|UOLOë UA:OëËUÙ ‘UÄ ¨†…b!ËËñ X:OÅœ :Èñ«u8 ‰ s:OJ:OìñUë ÊUÑ óOë WJ! vMO§A:OÄ

 ÆWfi:OçM! †…b!ËË;ñ

Æ√
50ºC→)aq(COOH3CH+)sAl(

Æ»
50ºC→)l(2O2H+)sAl(

ÆÃ→)aq(2CdCl+)sCr(

Æœ→)aq(KCl+)l(2Br

:v"ñWë UïËuÇ«b:OÄ3-2

 ÊUL8u" UOOëôUÇ «dO$“

 :ÈbïW!2
s:OJ:OìñUë ËWA:OëËUÙ

v|UOLOë

˜Uïñ«ËñW!‰:uÄ
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5.JàØÉYπ GdØ∏õqGä Gdæû°£á LóvG e™ GŸÉA hjæ£∏≥ ZÉR Gd¡«óQhLÚ.

GC.GcàÖ e©ÉOdá c«ª«ÉF«á eƒRhfá dàØÉYπ )s(aCe™ GŸÉA.

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

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

Ü.GE¿ JØÉYπ GdôjÑ«ójƒΩ, bR, e™ GŸÉA GCS°ố hGCT°ó eø JØÉYπ aN. Y∏uπ gòG GdØô¥ HÚ GdØ∏õqjø ha≤kÉ d∏Ñæ«á GdòQqjá hfü°∞
Gd≤£ô GdòQq… d¡òjø GdØ∏õqjø.

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

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

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

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

6.jù°à©ªπ GdògÖ ZÉdÑkÉ ‘ U°æÉYá G◊∏»q hGÛƒgôGä. Jƒbs™ OQLá Gdæû°ÉW«á d∏ògÖ hGdà» eμæâ eø GS°àîóGe¬ ‘ gò√ Gdü°æÉYá?

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

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

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

7.GT°ôì c«∞ Joù°à©ªπ S°∏ù°∏á fû°ÉW«á dàƒbt™ H©†¢ GCfƒǴ Gdù°∏ƒ∑ Gdμ«ª«ÉF».

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

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

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

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

8.jƒLó G’CŸæ«ƒΩ aƒ¥ GdæëÉS¢ ‘ S°∏ù°∏á Gdæû°ÉW«á. gπ jàØÉYπ a∏õq G’CŸæ«ƒΩ e™ f«ÎGä GdæëÉS¢ )II(, 2)3ON(uC, d«©£»
f«ÎGä G’CŸæ«ƒΩ 3)3ON(lA? ‘ MÉ∫ G’EjéÉÜ GcàÖ GŸ©ÉOdá GŸƒRhfá d∏àØÉYπ.

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

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

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

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

.5 ÆXOÑWëœñ…œ sO3:Ëñb|UÙ «“UÖ Ë ÊWëœ :vJ:OìñUë :vyÑUz ‰WÖœ „ôUÇ ñ:Ë“ s:O| «eïUë

Æ√ UJ:OìñUë :u! @ïW<ËUÙ UO|UOLOë UA:OëËUÙ)sCa(ÆWfi:OçM! :vÑUz ‰WÖœ

Æ» Â:u|bO!:Ë;ñ UJ:OìñUëRb Â:u|œ:u< UJ:OìñUë ˛ …d" ñ«Ë˛œ Ë d" “WK! :vÑUz ‰WÖœ ¨NaÊU|«eïUë ËËœñWÙ «ñW§ÑUïœ :vOÙ«œu3 :vÑ ¨

Æ ÊU|«eïUë ËËœñWÙ :vK|œñWÖ :ÈdO" íOï Ë v|WK|œñWÖ UM"UNJ:OÄ í|Ëœ ‰ …b§J:Oì

.6 ;d:|“ d¶Ä «ñU!Au ÆX:ON!ñUJ! «b:O|“U<WA:OÄ :vÑœ WO|dë Èd:|“ ‰ …Ë uë WJ! vMO§A:OÄ Èd:|“ UOOëôUÇ öÄ ¨X:OÙœñUJ! «b:O|d~ïd:|“œ

.7 Æ v|UOLOë «ñU¶ã…;ñ s:|ñ:u3 „…bMÙ UïdJMO§A:OÄ :u! vMOzœñUJ! :vOëôUÇ «dO$“ Ê«ËWÇ ¨WJ!WÑ:ËdÅ

.8 fî :v"«d¶Oï ‰WÖœ vî:uOMîWìWz :v|«eïUë :ÈñWz Æ«œ :vOëôUÇ «dO$“ œ W|«œ vfiî ñËË˛œ ¨Â:uOMîWìWz(II) ,2)3Cu(NOË

Â:uOMîuìWz v"«d¶Oï3)3Al(NOÆWfi:OçM! :vJ:OìñUë :u! @ïW<ËUÙ UO|UOLOë UA:OëËUÙ W|U<…Ë ñWÖWz ø XOMOzœ p:OÄ

˜Uïñ«ËñW!‰:uÄ
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ñ:u3WîWÙ UïËuÇ«b:OÄ

 :ÈbïW!2
s:OJ:OìñUë ËWA:OëËUÙ

v|UOLOë

GELÉHá bü°ÒI:GCLÖ Yø G’CS°Ä∏á GdàÉd«á ‘ GŸμÉ¿ GÙósO.

1.````````````````````Joªãuπ GŸ©ÉOdá Gdμ«ª«ÉF«á GŸƒRhfá cπ eÉ j∏» eÉ YóG:

GC.G◊≤ÉF≥ GŸÑ«æá Y∏≈ GdàéôjÖ.
Ü.G’Bd«á Gdà» HƒGS°£à¡É Jàëó GŸàØÉYÓä dà©£» GdæƒGœ.
ê.U°«≠ cπ eø GŸàØÉYÓä hGdæƒGœ ‘ JØÉYπ c«ª«ÉF».
O.YóO eƒ’ä GŸàØÉYÓä hGdæƒGœ ‘ JØÉYπ c«ª«ÉF».

2.````````````````````Mù°Ö bÉfƒ¿ MØß Gdμà∏á, Jμƒ¿ Gdμà∏á Gdμ∏«á d∏ªƒGO GŸàØÉY∏á

GC.OGFªkÉ GCcÈ eø Gdμà∏á Gdμ∏«á d∏æƒGœ.
Ü.OGFªkÉ GCU°̈ô eø Gdμà∏á Gdμ∏«á d∏æƒGœ.
ê.GCM«ÉfkÉ GCcÈ hGCM«ÉfkÉ GCU°̈ô eø Gdμà∏á Gdμ∏«á d∏æƒGœ.
O.OGFªkÉ eù°Éhjá d∏μà∏á Gdμ∏«á d∏æƒGœ.

3.Jƒbs™ GC… GdàØÉYÓä Gdμ«ª«ÉF«á GdàÉd«á Áμø MóhK¡É. h‘ MÉ∫ MóhK¡É, GcàÖ GŸ©ÉOdá, Kº Rf¡É, Kº U°æq∞ GdàØÉYπ.

GC.→)qa(4OP3aN+)qa(2)3ON(aB

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

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

Ü.→)g(2O+)s(lA

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

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

ê.→)qa(rBaN+)s(2I

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

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

O.→)g(2O+)g(4H3C

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

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

∫ †ñuë UëWç<ñW!ÆÈdëñU|œ :vN3 ‰ …b! :Èñ«u8 ‰ s:|ñUO<dÄ Uç<ñW!

.1∫ vK!˛ ©†WëœñU|œ ® XOM:|uï œ :Èñ«u8 ‰ s:OOîWÙ @ïW<ËUÙ UO|UOLOë UA:OëËUÙ

Æ√ Æ s|dëñU|œ :vïdJOèU" » s:OO¶<«;ñ

Æ»Æ ÊUîWÙñW! UïUMO£J:OÄ :u! ÊdÖbëW| :vÄ ÈdJ:OìñUë «“U§:|;ñ ËWz

ÆÃÆ«bO|UOLOë UJ:OìñUëœ UO"UNîWÙñW! Ë ÈdJ:OìñUë ˛ p:Oz ñWÙ s:OÖu:OÅ

ÆœÆ «bO|UOLOë UJ:OìñUëœ UO"UNîWÙñW! Ë ÈdJ:OìñUë s:Oì:uî «ñUîóÙ

.2∫ÈdJ:OìñUë s:|œœUî :vO¶AÖ :v¶<ñU! ¨ÈW¶<ñU! UM¶<ñUÄ U| U<U| í|Ëœ ‰

Æ√ Æ ÊUîWÙñW! :vO¶AÖ :v¶<ñU! ˛ …d¶ï“Wî UÑU~OîWÙ

Æ»ÆÊUîWÙñW! :vO¶AÖ :v¶<ñU! ˛ …d¶ëuâ! UÑU~OîWÙ

ÆÃÆ ÊUîWÙñW! :vO¶AÖ :v¶<ñU! ˛ …d¶ëuâ! Ê«ñU3 „…bMÙ Ë …d¶ï“Wî Ê«ñU3 „…bMÙ

Æœ ÆWïUîWÙñW! :v¶<ñU! vïUfiëW| UÑU~OîWÙ
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dimethylhydrazine©©

Æ» ∫WJ! @ïW<ËUÙ ¯u:OÅ » UA:OëËUÙ
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∫ †ñuë UëWç<ñW!Æ…b! ÈdëñU|œ :vN3 ‰ :Èñ«u8 ‰ s:|ñUO<dÄ ÊUÑ Uç<ñW!

.1ÆÊ…œœ ÊUAOï ÊUÑWz ¨«bO|UOLOë UA:OëËUÙ œ WJì:uë

Æ√Æ©Â«dÖ »® ÊUO"UNîWÙñW! Ë ÈdJ:OìUë ˛ p:Oz ñWÙ :v¶<ñU!

Æ»ÆÊUO"UNîWÙñW! Ë ÈdJ:OìñUë s:Oìuî s:O|ñUî˛ «ó:|;ñ

ÆÃÆ«b:OJ:OìñUë œ vëWM:ONJ:OÄ ñWÙ œ vëWL8u" ñWÙ s:OK|œñWÖ «ñUîóÙ

ÆœÆ«b:OJ:OìñUë œ ñ«bJAÄ s:O|e:ONãWÙ s:Oï:Ëd¶JìWz «ñUîóÙ

.2 ø«bO|UOLOë s:O|ñUëñUî˛ :v"W!U! œ ÊdëWM:OÙUï ñW< ‰ 5ì:uëWÑ Èñ«u8 ‰ s:OïUÑ ˛ óOë

Æ√ s:Oìuî «ó:|;ñAl :u!Cl Æ«bOî:uOMîWìWz :Èb|ñ:uKë :v¶:|ËUz œ

Æ» Æ©“:Ë;ñ Wëu<®:vïWÑWì «dëWÅ ˛ ÈdJ|ñU|œ :vëW¶<ñU! UïdëWÑ:ËdÅ ˛ ÈËu! «b|WÄ :vï:u!ñUë :v¶<ñU!

ÆÃ ÆvMOºfië:uz U|dJ|ñU|œ Uë…;d! ‰WÖœ †Wë :vJ:OìñUë :Èœ uë :ÈËWz vMO3:Ëñb|UÙ s:Oì:uî «ñUî˛

Æœ ˜Uïœ vï:u|Uz s:O|bïW! UïbïUJÅ:u! vÑb:OÄ «“Ë «;d!2CaFÆ

.3ÆXO!œ ñU|œ Wî :u! @ïWfiÑWÙ UO|UOLOë UA:OëËUÙ ˛

Æ√Æ«b:OJ:OìñUë œ «œœUî ËËœñWÙ U:Oì:uî «ó:|;ñ

Æ»Æ:vJ:OìñUë˛ v¶ãWëñ…œ «“Ë

ÆÃ Æ«b:OJ:OìñUë œ ñ«bJAÄ s:OL8u" vîWÙ UOï:Ëd¶ëWìWz UïËu!e|;ñ

Æœ Æ:vJ:OìñUë «“U§:|;ñ

.4 ∫W|WÙ :Èñ«u8 ‰ U~ïWfiÑWÙWï UA:OëËUÙ ˜Wz)g(2NO→)g(2O+)gO(2N

Æ√Æ WJ! @ïWfiÑWÙ :vA:OëËUÙ :vÑWz

Æ» U:Oì:uî «ó:|ñ2NO :u!2O ø…bïWÇ

ÆÃ ñWÖWz20.0 mol2NO s:Oì:uî «ñUîóÙ ¨s:ON! p:OÄ2O ø…bïWÇ ÊWJ!ñUë WOÑb:OÄ uë :ÈÆ

Æœ U:Oì:uî «ó:|ñ2NO :u!O2N  ø…bïWÇ

ÆÁ s:Oî«dÖ «ñUîóÙ uë ÈWëœ vMO§A:OÄ :u" :ÈñWz2NO s:Oî«dÖ «ñUîóÙ «ñU3 ËËœ v"UNJ:OÄ s:O|O2N

 ø s! ÈdëñUë s:O|

 UJAÄ UïËuÇ«b:OÄ1-3

 v|UOLOë s:O|ñUëñUî˛ UëWOOëWA:OÄ

 :ÈbïW!3
v|UOLOë s:O|ñUëñUî˛

˜Uïñ«ËñW!‰:uÄ
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∫„ñUO<dÄ bïWÇÆ WJ!ñU|œ «b|dëñU|œ :u! UOÙôUÑ œ :u8 :ÈñUë Ë ¨…b! :Èñ«u8 ‰ s:O|ñUO<dÄ ÊUÑ Uç<ñW!

.5  ÈWÙ U| W" :Èñ«u8 ‰ UA:OëËUÙ ˜Wz)g(32NH→)g(23H+)g(2N

Æ√:v<uï…;ñ p:Oz :u! XO! Èdë p|eï Ë WJ!ñU|œ ÊUO"UNîWÙñW! Ë ÈdJ:OìñUë ˛ p:Oz ñWÙ :v¶<ñU! W :̆uî

 ÆvÙ…œ

Æ» ÆWfi:OçM! Ê«Ë˛ p:Oz ñWÙ «ó:|ñ ÆWïWÙ «œu3 s:Oì:uî s:O|ó:|;ñ :v< «b:OJ:OìñUë :vÑœ

.6 ÈWÙU| W" :Èñ«u8 ‰ UA:OëËUÙ ˜Wz)gO(2) + 6Hg(2 5N→)g6NO(+)g(34NH

Æ√ U:Oì:uî «ó:|ñ NO:u!O2H ø…bïWÇ

Æ»  U:Oì:uî «ó:|ñ NO:u!3NH ø…bïWÇ

ÆÃ ñWÖWz 0.240 mol:u!3NH s:Oì:uî «ñUîóÙ ¨ÍñW< ‰ UA:OëËUÙ í|Ëœ ‰ dë p:OìñUëNOs:O|

ø ÊbïWÇ ÊWëœñUë

.7 ∫s|…b! ÊUAOï :Èñ«u8 ‰ UA:OëËUÙ » vM|UÄ:Ë;dÄ UM"u< UA:OëËUÙ 5:OÅœ Ë ¨ X:OÙœñUJ! vïWîW"u< „…Ë sïU|:Ë;dÄ «“UÖ

 vîñWÖ…“Ë) +gO(2) + 2Hg(23CO→)g(24O+)g(4H3C

Æ√ ÆWfiOçM! «bJ:|;ñUëœ ÈWëœ 5§A:OÄ s:Oì:uî s:O|ó:|;ñ vîWÙ

Æ» v"dÖWî ñWÖWz molx∫Èœ s:O| :v< 5:Oì:uî s:|;d! ¨ÊËu! «b|WÄ :ÈñW! UJ:|;ñUë ˛ :vÑUz s:O|x2 ,x1.5 ,x0.5XO!…œ

 Æ«b|ñ:u! UA:OëËUÙ œ ÈË :vÖu:OÅ ñW! Wï«œ :vë…;d! ñWÙ ©WM|dëe:|;ñWï®

˜Uïñ«ËñW!‰:uÄ
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∫ †ñuë UëWç<ñW! Æ …b! ÈdëñU|œ :vN3 ‰ :Èñ«u8 ‰ s:|ñUO<dÄ ÊUÑ Uç<ñW!

.1∫†Wëœ ñU|œ «b:OÙW~OèU" œ vMOºfiëuz «“UÖ Uïdë…œUîUz :Èñ«u8 ‰ UA:OëËUÙ

)g(2) + 3Os2KCl(→vîñWÖ+)s(32KClO

 s:O :̆uî bïWÇ2O :vî…œ s!œ «b|WÄ3.0 mol3KClO øÊWëœñUë vîUîW" »

.2 ∫:Èñ«u8 ‰ UA:OëËUÙ » 7<W! XAÄ)g2HF(→)g(2 F+)g(2H

 «“UÖ s:Oî«dÖ «ñUîóÙHF UïdJ:OìñUë ˛ ¨ÊbïWÇ s!œ «b|WÄ s:O|5 molÆÈñ:uKã s:O|

.3‰ UJ:OìñUë í|Ëœ ‰ :v!…ñUë UïUMOzñUë » :u8 s:OL8u" ËËœñWÙ :u! XOÅ…uìWÙ p:Oì ˜Uz XO!œ

 Æ :Èñ«u8)g(2) + Og(22H→:v!…ñUë «“Ë+)lO(22H

 Â«dÖ bïWÇ2O ñWÖWz Æs!œ «b|WÄ0.033 mol øs!Ëu! ©WÑ:ËdÅ® vÅ :vÑUz s:O|

.4 Ë †Wëœ :vJ:OìñUë :vÑUz ‰WÖœ vî:u|œu< :v|«eïUëNaOH‰ UA:OëËUÙ í|Ëœ ‰ sMOzœ p:OÄ

 ∫ :Èñ«u8)g(2) + Haq2NaOH(→)lO(2 2H+)s2Na(

 Â«dÖ bïWÇNaOH  ñWÖWz s!œ «b|WÄ 20.0 gødë p:OìñUë ñË“ UëWÑUz ‰WÖœ vî:u|œ:u< :v|«eïUë

UJAÄ UïËuÇ«b:OÄ2-3

©v|WïËu/® È“:ËœdO! s:O|UOLOë s:O|ñUëñUî˛

 :ÈbïW!3
v|UOLOë s:O|ñUëñUî˛

˜Uïñ«ËñW!‰:uÄ
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.5Æ«  UïdJîñWÖ ˛ uë U| :vMOºfië:uz «“UÖ :v¶<ñU!100.g >ÈËœ ‰ uë Â:uOßOì :ÈbOfië:Ëd:OÄ s:O|

 ø…bïWÇ XO!œ «b|WÄ XOÅ…ËbìWÙ p:Oì :Èñ«u8 ‰ UA:OëËUÙ

)g(2) + 2OsLiCl(Δ→)s(4LiClO

Æ» «œ  √ UJAÄ œ ÈËu! «b|WÄ :vMOºfië:uz «“UÖ U|;dÇ1.43 g/L «“UÖ :ÈñU!Wè Ë2OÈËu! «b|WÄ

  ø …bïWÇ

.6 vÑb:OÄ :vK:O§îËd" :v|«ËWÙ :vëdO"70. L‰ UA:OëËUÙ ÆXO§! íÄ ‘U! uë «œ WMO3:Ëd¶|Uï «“UÖ

 Æ†Wëœ ñU|œ sO3:Ëd¶|Uï «“UÖ UïUMO£îWÙñW! :Èñ«u8

)g(2 + 3N)s(2Na→)s(32NaN

∫…d:Oîó! :Èñ«u8 ‰ s:OÑWz

Æ√ vÑb:OÄ :v¶<ñU!2N «“UÖ U|dÇ sOï«“ :u! ÈU! :vëdO" Uï«bçÄ :u! Â«dÖ »2N1.16 g/L Æ…

Æ» s:O :̆uî «ñUîóÙ2N Æ:ÈbïWÇ :vÑ :u! vÑb:OÄ s:O|

ÆÃ s:Oî«dÖ «ñUîóÙ3NaNUï«bçÄ :u! vÑb:OÄ UMO3Ëd¶|Uï «“UÖ UïUMO£îWÙñW! :u! s:O!ñUë » vÑb:OÄ s:O|

  ÆvîUL" » È«ËWÙ :vëdO"

˜Uïñ«ËñW!‰:uÄ

31



∫ †ñuë UëWç<ñW!ÆWJ!ñU|œ Uï«œ u! :vN3 ‰ :vM"ñUîóÙ UJ:|ñ Ë …b! :Èñ«u8 ‰ s:|ñUO<dÄ ÊUÑWz Uç<ñW!

.1 ÈdJ|ñU|œ UëWJ:OìñUë :v|…œdë v"UÙ«œ ñWÖWz22 g È“ËœdO! :v"UÙ«œ Ë X:O!25 gÈœW< «ó:|;ñ ¨

 ø …bïWÇ †UÙ«œ

.26.0 mol2N  ‰WÖœ ¨12.0 mol s:O|2H  ∫:Èñ«u8 ‰ UA:OëËUÙ í|Ëœ ‰ ¨Êdë ‰WJ:O"

)g(32NH→)g(2) + 3Hg(2N

Æ√ ø …bïWÇ :̧uî » …b:|“ «;d! Ë ø Wëó:Oë …b:|“ :ÈdJ:OìñUë

Æ»  s:O :̆uî «ñUîóÙ3NH ø …bïWÇ Wï«“ËœdO! v"UNîWÙñW! s:O|

ÆÃ :v"UÙ«œ ÈœW< «ó:|;ñ ñWÖWz3NH80%  s:O :̆uî «ñUîóÙ ¨Ëu!3NHv|…œdë v"UNîWÙñW! s:O|

 ø …bïWÇ

.30.050 mol2Ca(OH) ‰WÖœ 0.080 mols:O|HCl∫ :Èñ«u8 ‰ UA:OëËUÙ í|Ëœ ‰ ÊWëœ :vJ:OìñUë

)lO(2 + 2H)aq(2CaCl→)aq) + 2HCl(aq(2Ca(OH)

Æ√  s:O :̆uî «ñUîóÙHCl  UïdJA:OëËUÙ :u! vÑb:OÄ s:O| 0.050 mols:O|2Ca(OH)  ø…bïWÇ

 UJAÄ UïËuÇ«b:OÄ3 - 3

 Æ†UÙ«œ ÈœW< «ó:|ñ Ë ñWJ|ñU|œ s:O|dJ:OìñUë

 :ÈbïW!3
v|UOLOë s:O|ñUëñUî˛

˜Uïñ«ËñW!‰:uÄ
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Æ» øWëóOë «b:OïËu§A:OëËUÙ UJ:OìñUë :vÑœ ñWJ|ñU|œ :v|dJ:OìñUë

.4  UïUMO£îWÙñW! :ÈñWÖWz W¶O!œ :ÈËWz vMO3:Ëd¶:Oï «“UÖ UM"u< ˛ XO!œ «b|WÄ Uï«ñU! WÅd" UÑUz uë XO!œ)aq(3HNO˛ Uë…ñU|dë œ

                         ∫ v"UÙ p:OÄ ÊUÑU~M:OÄ ËËœ)g(22NO→)g(2) + 2Og(2N

)g + NO()qa(32HNO→)gO(2) + Hg(23NO

 q:O§îËd" ñWÖWz ¨X|˛:u< œ «bMK! UOîñWÖ s:OKÄœ «b:OK:O§îËd" :vM:|Ëe! œ ¨sO3:Ëd¶Oï 420. gs:O|2N

  s:Oî«dÖ bïWÇ ¨X|˛ufi! ÈñW< ‰ s:OA:OëËUÙ ËËœ í|Ëœ3HNO ø s!œ «b|WÄ :vM":u< :vÑ ˛

˜Uïñ«ËñW!‰:uÄ

33



∫ †ñuë UëWç<ñW!Æ …b! ÈdëñU|œ :vN3 ‰ :Èñ«u8 ‰ s:|ñUO<dÄ ÊUÑWz Uç<ñW!

.1 ∫ :Èñ«u8 ‰ UA:OëËUÙ » s¶<W! XAÄ)gO(2 + 2H)g(23CO→)g(2Ox) +g(4H3C

Æ√ :vJì:uëËUÙ :v|UÙW!x ø…bïWÇ «b:OA:OëËUÙ :vÑœ

Æ» :v¶<ñU! W :̆uî4H3C      ø…bïWÇ

ÆÃ v :̆uî «ó:|;ñ2O:u!O2H ø…bïWÇ «b|ñW< ‰ UA:OëËUÙ œ

Æœ œ8.0 g U|WïËuLï s:O|4H3C øWïWÙ :̧uî bïWÇ «œ

ÆÁ ñWÖWz molz4H3C ‰:uî bïWÇ dJ:OìñUë2CO  :vÑ:Ë;dÖ »z ø s!œ «b|WÄ

∫ „…ñUO<dÄ bïWÇÆWJ!ñU|œ ÈdëñU|œ :u! s:OOÙôUÑ ‰ :u8 :ÈñUë ÆWfi:OçM! ÈUA:Oë :v¶<«;ñ :v|ô ‰ UºO8 ñW< ‰ :vç<ñW!

.2∫… ©ÂUîW"® UJ:OìñUë È;d!ñ…œ :Èñ«u8 ‰ UA:OëËUÙ » UJ:OìñUë ËWz uë Wï«œ U<Ë

32NH→23H+2N

Æ√ s:O :̆uî bïWÇ3NH ñWÖWz s!œ «b|WÄ6 mol s:O|2H ø  s!dëñUë

Æ» UëWïËuLï œ Â«dÖ bïWÇ
2310™  3.0 œñWÖ3NHø WïWÙ «œ

ÆÃ ñWÖWz0.1 mol2N ‰WÖœ2H «;d! s|d¶L:Oë Æs"dÖ p:Oz2H  uë2N ø …bïWÇ ñWJ|ñU|œ :ÈdJ:OìñUë W"WJ!

.3 :vJ:OìñUë :v|“ËœdO! :v"UÙ«œ ñWÖWz8.0 g  ÈñU|dë :v"UÙ«œ Ë ÆXO!6.0 gv"UÙ«œ U| ÈœW< «ó:|ñ ¨

ø…bïWÇ

 ñ:u3 WîWÙ UïËuÇ«b:OÄ
 :ÈbïW!3

v|UOLOë s:O|ñUëñUî˛

˜Uïñ«ËñW!‰:uÄ
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.4 ® …uO3 :ÈbOfiëuz «ñ«Ë˛œ Uïdë ÂñWÖ :ÈñWÖWz ˛ dë…œUîUz sOºfiëuz «“UÖ ¨vK¶fi|d! n:|“u311‰ UA:OëËUÙ í|Ëœ ‰ ©

 ∫:Èñ«u8

)g(2) + Ol2Hg(Δ→)s(2HgO

Æ√ ñWÖWz15.0 gHgO :̧uî bïWÇ ËWz ¨ÊUOÅ…u˘WÙ p:OìHgOø †…œœ ÊUAOï

Æ» :̧uî bïWÇ2O ø s!œ «b|WÄ Wï«“:ËœdO!

ÆÃ Â«dÖ bïWÇ2O ø †…œœ

Æœ «“UÖ U|;dÇ ñWÖWz2Og/L1.41 d¶ì bïWÇ ¨Ëu!2O    ÆX:OÙœ ÂWÙñW!

Æ‡Ù †UÙ«œ ÈœW< «ó:|;ñ ñWÖWz95.0%  Â«dÖ bïWÇ ¨Ëu!2O  øXOÑWëœ X<…œ v|…œdë

˜Uï ñ«ËñW!‰:uÄ
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Æs! ”d" » :Èœ sOMOzWï ñUJ! ‘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 »

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

UOï«ËWÇœ :vïbïUAOz ˛ v"Wîx< UO"WÄ Wï ¨W"UïbïUA:Oz :ÈñWÖWz

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

Ë sOfi:Oçï «b¶:ON! s:|ñWÄô œ s:|ËWz vâ! ÊU|ULM:|ñ Ê«Ë

Èd:Oã ‘U! :Èœ «b:O|UOLOë s:OÙW~OèU"œ v§!:u8 Èñ«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" UÅ:uë ñW! UÑUÖ vîWÙ

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

:u8ñW! WJ! :vÙW~OèU" 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! :vïUOfiOïWç:OÄ s:OJç=ÇñW! XO!Uï

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

È˛ pÑUÇñW! W" ñWÖWz U"WÙ :̈vïUOfiOïWç:OÄ s:OJÑUÇñW!

vÑUÇ » U<uÙ UëWïU|“ È˛ËWz :̈u8 s:OÑUÇñW! WM!dë

vï«“ ‘U! » Èñ«œ˛uï ñWÖWz ÆXO!Uï …ñUÇ uë XOMOÙWÖœ

» v|U<Uz s:OJÑUÇñW! UMOÅ ‰ :vïUOfiOïWç: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| Èñ«œ˛uï

 X: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! ‰ ñWÖWz ÈWJ!

ÆXO!Wï «b|U¶<:uîUî
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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¶fiOì:uÄ Ë Ê: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§îuë 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

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

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 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…œ ‰ ¨…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 »

 ÆvÑWëñ…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

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

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

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

 ÆvëW¶A" ñWÙ ÈñW! Èd:OîUz

.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 :ÈdëñUÖ“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 X: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! fO! 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" 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<

•WJ§îU"Wï :u8 WÑWï :u‹! Wï«b:OÙW~OèU" œ v|UOLOë :vë…œœUî ı

:u! Wä«œñWÄWï ¨ñWJO! ¨«b:OÙW~OèU" s:OïUîUz Ë vïWîWÅËuÅœ

Æ sJì:ËœWï :̈vïbïULìWÙ s:O|W"

•: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"
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 Æ   v~ï…;ñ

.1WM|;dÑe! Ë WJ!óèUÄ :vïdJOèU" s|d:OîUz vîWÙ ¨WJ!óèUÄ «b:OÙW~OèU" œ ÈñUë :vN3

:v"W§|U" :vN3 œ …ó:OÑUÄ Ë WJ!ñUÖ“;ñ Ê«Ë«dOÖ Ë ÊUOïWîUOLOë ˛ :u8 ÆÊ«Ë s:ON3

vëW¶A" ı Æ«œ :ÈuÅ X<…œ œ …ó:|ñWï v|UOLOë s:|œœUî ı ÆÈdëñU|œ :u! ÈU¶<:uîUî

ÂUîW" ÈñUë :u" v¶AÄ ÆXO§":uÖWï ÈU¶<:uîUî ñflWÖWz «bOA:OKÖ UJìW<œ W|ó:OÑUÙWï

 ÆvÑWJ!ñ…œ :vÙW~OèU" ˛ :u" ÈñW! ËuA! ‘U! :u8 s:O¶<…œ ÈWëœ

©√® :Èu:OÅñWÙ WJ! sOìUßHì:uMOã UëWÄu˘œ

¨«b:O" vfiî :Èb|ñ:uKë UOM:O< s:O˘UÇ ˛ :vëW˘UÇ

ÊUÄu˘œ :ÈñU!Wè XO!«bïUOÅ œ ÈbMÙ WOÑb:OÄ

 Æs! p:Oz vJ|eï

©»® :Èu:OÅ  UëWÄu˘œNaOHvÅUÄ ñW< WJ!

ÈË«dOÖ :v~ï…;ñ UM|;ñ:uÙuÖ Æ…œWçJ:O" È…Ë«dOÖ

fî :Èb|ñ:uKë :ÈœœUî vîWÙ uJïUz È“UçOÄ :u!

Ædë p:OìñUë
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   ÊdëWÑ«;ñ Ë ÊdëWÑ:ËdÅ

  v¶AÖ s:OM¶ÑWëñ…œ :u!

.1 ∫Ê«ñeÙ UM¶fi‹J:|ñ«ñW§ÑUïœ vï«ËËœ UM|;ñ:uÙu~J:OÄ UJ:OìñUë U~ïW<ËUÙ UA:OëËUÙ

ÆWfi:OçM! ÊUÑ ˛ p:Oz ñWÙ Ë Â:u|œ:u< :ÈbOfië:Ëñb|UÙ

Æ√ fî :Èb|ñ:uKë(I)ÆÃ s<Uz :Èb|ñ:uKë(II)

Æ» fî :Èb|ñ:uKë(II)Æœ s<Uz :Èb|ñ:uKë(III)

.2 ∫Ê«ñeÙ UM¶fi‹J:|ñ ÈUMOzñUJ! s:O|Ë«dOÖ ˛ p:Oz ñWÙ uë XO!dJ4W< W" XO!œ0.1 molWëW|

p:Oz Ûu˘œ vîWÙ uë sOï«œU< Ë ñflWÖWz Ë ÆÈ…Ë«dOÖ ˛ :vë…d¶Oì ñWÙ :u! W|«b:O" :vÖu:OÅ U|

 øÈWëœ ñË«ñW! «bOë…Ë«dOÖ ñWÙ UÄuìœ œ vÖu:OÅ s:O|WëW| «ñUîóÙ :Èœ Ê«ËWÇ ¨Wï…ñU!Wè

.3 ∫ÊU|ñUOï«“ UM¶fi‹J:|ñ s:OÄu˘œ «ñUîóÙ :ÈbïWÑUïNaOH:Èb|ñ:uKë ‰WÖœ :vJ:OìñUë vÑb:OÄ :v|

 s:OÄ:u˘œ «ñUîóÙ :ÈbïWÑUï œ øbïWÇ †WJ! fîNaOH:Èb|ñ:uKë ‰WÖœ vJ:OìñUë vÑb:OÄ :v|

 ø…bïWÇ †WJ! vM<Uz

.1∫Ê«ñeÙ Uï«b:|dÖWçJ:OÄ s:O|ñUO<dÄ UïdëWÑ«;ñ Ë ÊdëWÑ:ËdÅ œ W" s:Oç<ñW! U|ñUJ|ñUÙ »2 Ë3Ë

 :vÖu:OÅ s:O|WëW| «ñUîóÙNaOH:vÖu:OÅ UëW|WëW| ñWÙ ‰WÖœ ÊWJ! :vJ:OìñUë vÑb:OÄ s:O|

 :vÖu:OÅ s:O|WëW| «ñUîóÙ ÆWJ!ñU|œ «b:OïdJOèU" œ fî :Èb|ñ:uKëNaOH:vJ:OìñUë vÑb:OÄ s:O|

 ø vM<Uz :Èb|ñ:uKë :vëWÖu:OÅ ñWÙ ‰WÖœ ÊWJ!

.2   ∫ÊUM¶ãWëñ…œ :u! s¶AÙWÖU~ïW<ËUÙ UO|UOLOë UA:OëËUÙ ‰WÖœ :vOA:OÄ «ñUO<dÄ :u! W"Uç<ñW!

ÊU| fî :Èb|ñ:uKë ˛ óOë ÆWJ! œñË«ñW! «œ ©ÊdëWÑ«;ñ Ë ÊdëWÑ:ËdÅ ® :vÅW! œ ÈdJ<U!

ø Ëu!WÙ «b|UMOzñUJ! W" s:O|Ë«dOÖ œ s<Uz



1.J≤««º WôGF≥:GEPG Y∏ªâ GC¿ Gd≤«ªá GŸ≤Ñƒdá d©óO b£ôGä HOaNJù°Éh… 01b£ôGä
d∏àØÉYπ “ÉekÉ e™ c∏ƒQjó GdæëÉS¢. eù°à©«ækÉ HÉdæàÉFè Gdà» JƒU°∏â GEd«¡É, GMù°Ö Gdæù°Ñá
GŸÄƒjá d∏î£ÉC.
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````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

 ñU!ñW<.1   ∫ÊUJ:|;ñ UïbïU~ïWfi˘WÙ s:OÄu˘œ «ñUîóÙ :u! bïW<WÄ :v|UÙW! uë vï«“ W" ñWÖWzNaOH10

:u" s:OîUºïWz ËWz U|ñUJ|ñUÙ » ÆÊWJ! fî :Èb|ñ:uKë ‰WÖœ :vJ:OìñUë vîUîW" » «œ sÄu˘œ

 Æ ñ…œWMO! :vOÅUÅ UO|œW< «ó:|;ñ :vO¶AÙWÖ
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• vî:uOfiOMÖWî :ÈbOfië:uz :v¶<ñU! ÆXOçOÄ«œ

• :vA:Oë UïdëWÑ:ËdÅ UïUMOzñUJ! :vM"d~J:Oz UJ:OìñUëÆXOMOzbNº!

• vî:uOfiOMÖWî :ÈbOfië:uz :vO|U"…ñW< :vÖu:OÅÆ†Wëœ ñU|œ

UïUMO£J:OÄ :u! «b|«ËWÙœ Wî:uOfiOMÖWî :vL8u" UM"u< » vÑb:OÄ «b:OïdJOèU" :vÑœ :vA:Oë UïdëWÑ:ËdÅ

:vî:uOfiMÖWî :v¶<ñU! ˛ XO! d¶Ä :Èœ ÈËu"UNîWÙñW! :v¶<ñU! Ë ¨ W|WÙ Â:uOfiMÖWî :ÈbOfiëuz

s:OïdëWÑ:Ë;dÅ vë…ËñWÙ Ævî:uOfiMÖWî :vL8u" ‰WÖœ v"d~J:Oz :vMOºfiëuz ñW!˛ ÈUMOzñUJ!

» :vîWÙñW! UO"UÙ«œ «ó:|;ñ ñW< ‰ W|«b:|dÖ :vïdëWÑ:ËdÅ :vÑWz UM¶ãWëñW< ¨Èœ s:O| :vA:Oë

 ˛ WJ|eï bïWÇ Uë v¶ãWJ¶<…œ100%ñU< Ë s|WJ! ÂñWÖ vîWÙñW! WOÑb:OÄ :ÈbïWÇ :vÑ ñW!˛ Æ

s!d¶J:Oz vJ|eï s|UçOÄ s:O| vîWÙñW! s:O| W¶<ñU! ËËœñWÙ U"WÙ sOçOÄ :Èœ …ñU!ËËœ Ë Æs|WJ!

 «bï«Ë «ñW§ÑUïœ vÙ«œu320%Ë ÊU|dJ:OìñUë ˛ p:Oz ñWÙ :v¶<ñU! :vî…œ Ë ÆX|ñ:u!Wï

:vJ:OìñUë œ v"UÙñUJ! :vMOºfiëuz «;d! XO!«œWî UïUOÅœ :Èœ ÆsOçOÄ Èd|uÙ » ÊU|Ëu"UNîWÙñW!

UïdJ|ñ«œ vÅUÄ Ë ¨sOï«“ vî:uOfiOMÖWî :u! vMOºfiëuz «ó:|;ñ sO:OÅ :Èœ :vÑUÖ :ÈË Æñ…œWMOMO! «œ

  Ævî:uOfiMÖWî :ÈbOfiëuz :vO|U"…ñW< :vÖu:OÅ

UM¶<ñUÄ :u! :u8 ñW! WJ! vÅuÖñW! Ë :u8 s:OÑUÇñW! WJ! :v|e:|ñUÄ s:OJÑUÇñW! Â«Ë…œñW!

 Æ:u8 s:OJK3 Ë ˜UÇ

ËuA! W" s:OJK3 ÊU| X<…œ ñW< W¶ãWë ñflWÖWzË Æv|UOLOë :vë…œœUî ñWÙ W|WëWï X<…œ

 ÆWJ!ñ«œUÖUz :vÄ :u8 :v|U¶<:uîUî

 Æ…b§:|dÖ ñ:uÅWÄWÅ s:OJK3 ¨vMOzœñUJ! ÊeïW! :ÈdÖUz :u" :vî…œ

 Æ«bO|U<Uz s:OJ|UîñW! UJìW<œ …ó:OÑUÙ Wï ñU3 ı v¶<WJÅ s:OÅËuÅ

 ÈñUJO!«;ñ s:OïUAOï

  p:OÄ X<…œ

 v"Wîx<

  UïdJOèU"2–ójó Gdü°«̈á G’Chd«á ’Ccù°«ó GŸ̈æ«ù°«ƒΩ
ÈbOfië:uz :vO|U"…ñW< :vÖu:OÅ UïdJ|ñU|œ

Â:uOfiOMÖWî

˜Uïñ«ËñW!‰:uÄ
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©√® :Èu:OÅ

•  …ñU!Wè ñ«œWKÄ U| :vÙW~OèU" UëWO|ñ:u!10 mL

• :ÈË U|ó:|ñœ vî:uOfiOMÖWî UëW¶|ñWÅ15 cm ÆXO!

• ÆÊeïW! :v|«dÇ

• Ævã…“W8 UëWÅ:u~:O<

• Æ:ÈË :väU!Wè ‰WÖœ vã…“W8 UëW|W":u!

• ÆÈbïUÄu˘œ UÑUz

• Æ„Ëuâ! UëWëËóî ÊU| ÊUÑUÇ UëWMOÄu˘œ

• Æv|Wï“U! vë…d~˘WÙ

.1ÆWfi:OçM! «b:|ñ«u8 ‰ :v|W¶A8 œ ÊUO|ñUOï«“

dOîUz Ë …œœUî

Êdë…œUîUz

.1® vL8u" Ë väUÄWè Ë :v|W":u! :v¶<ñU!g©

.2® vîWÙñW! Ë väUÄWè Ë :v|W":u! :v¶<ñU!g ©

.3® väU!Wè Ë :v|W":u! :v¶<ñU!g©

:vìWî:uë s:OîUºïWz

.1ÊeïW! :v|«dÇ ñW< Wï«œ :v|W":u! Èd~ìWÙ

 Æ…ñU|œ «œ ©√® :Èu:OÅœ „…ËñWÙ

.2 :vî…œ :u! :ÈË UäUÄWè Ë :v|W":u!4ÊUIOè…œ

:vëW¶K8 ñWÙ UM"u< :u! WJ! ÂñWÖ

 ÆXO!«b:O"

.3öÄ U"WÙ WJ!ñU< :ÈË UäU!Wè Ë :v|W":u!

«e:|ñœ Ë WçOá! Ê«Ë :v¶<ñU! :̈ÈñËË˛ UOîñWÖ

3 ÆWfi:OçM! «b|W¶A8 U|

∫vMO§:O":vëW| …d~! » :ÈË UäU!Wè Ë :v|W":u!

œ :vM"u< ˛ W" :v¶<…œ ËWz ¨…d~! †W§|U"

:u! W" :v¶<…œ :v¶fiOÄ Ë W¶K8 XOK:OÙUï Ë s|e:|ñUÄ

Æs¶<UÙuÖWÑ WM:ON!

 ÈñUë UJ:|ñ

ÊUO|ñUOï«“ :v|W¶A8
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.4WfiN! v|«eïUë :vJHOì » vî:ufiOMÖWî U¶|dÅ

XO! „:ufi|W" :vî:uOfiMÖWî X:OÑœ uJïuÇ

:u! …d§! :v¶|dÅ ÆñU|œ «œ ©»® :Èu:OÅ œ „…ËñWÙ

d"“Wì :vJ:OìñUë uë «œ „Ëuâ! s:OÇñUÄ

 Æ«bO|W":u! WJ! ÊUÇñUÄ Ê«Ë vÅUÄ ¨†WJ§:Oì

.5Ë väU!Wè :v|W":u! :v¶<ñU! ËWÅ:uÄ «œ :v|W":u!

 «e:|ñ ˛ :ÈË UïUçOÄ Ë ¨WçOá! È…œœUî1œ :È

 ÆWfi:OçM! «bïU|ñUOï«“ :v¶A8

.6vÅ:uÄ «œ U|W":u! „WâOÄ Ævã…“W8 WÅ:u~:O< ñWfiì :v|W":u! :ÈñU! Uïbï«ñWÖWÑ :u! WMO!ñUJ! È…dÖ

œ …ñU|œ „…ËñWÙ ¨«bÑUïœ W¶Oâ! «ËWÙ sOK:ON! «œ WJ! bMK! väU!Wè „WâOÄ vÅUÄ ¨WJ! ÂñWÖ

Æ «œ ©Ã® :Èu:OÅ

 ∫ W!ñUOAÙ Ævî:uOfiMÖWî U¶|ñWÅ WJ4W< Wï :u8ËW¶<«;ñ

.7ñW< ‰ W! Â«Ë…œñW! Ë Wë«;ñ „Wâ:OÄ :v|W":u! :väUÄWè ¨XO!œ ÂUîW" :v¶|dÅ UJ:OìñUë :vî…œ

 ÆÈœ UëWIOè…œ :vî…œ :u! :vïdJîñWÖ

.8UëWM:OÄu˘œ U|ñUJ|ñUN! :vÑUz s:OÄu˘œ bïWÇ Èb:OÙ XO!œñU< W":u! v¶AÄ Ë ¨W§! :v|W":u! s!˛ ÈdÖUz

«b|WÄ XO!œ :vë…b|d¶OïñWÙ UïbïUÅ…uìWNJ:Oì :u! ¨«œ ©œ® :Èu:OÅœ ñU|œ „…ËñWÙ ¨ñW< WJ! ÊUÑUÇ

 ÆXO§!

 ∫ W!ñUOAÙ:ÈñWÖWz W¶O! :Èœ Ëu! „WìWÖ ñWÖWz uJïuÇ ¨ñW< W|Wëœ :vÑUz s:OÄu˘œ :vî…œ v!ñUOAÙ

Æ:v|W":u! UM|“ñ…œ

.9 :vî…œ :u! Ë :v|W":u! s!Wï«œ ÈdÖUz Æ…d~! ‘U! :v|W":u! :väUÄWè30 u!60 ÆWJ! ÂñWÖ UëdÇ

.10Ë W":u! :v¶<ñU! Æ:ÈñËË˛ UOîñWÖ öÄ :u! WJ!ñU< väUÄWè ¨Ë :ÈË Uë:Ë;ñWÑUï Ë W":u! ¨WM|dîWÑ ÈdÖUz

 ÆWfi:OçM! «bïU|ñUOï«“ :v¶A8œ :vïUçOÄ ÆWçOá! vîWÙñW! Ë ⁄UÄWè

©Ã® :Èu:OÅ

©œ® :Èu:OÅ

©»® :Èu:OÅ
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.11WJ! ÂñflWÖ …ñU!ËËœ Ë vã…“W8 UÅ:u~:O< ñW< WM|ñWÖWÑ väUÄWè Ë :ÈË Uë:Ë;ñWÑUï Ë ÈW":u! :ÈñU!

⁄UÄWè Ë W":u! :v¶<ñU! Èœ Uë…ñU3 Ë :̈ÈñËË˛ UOîñWÖ öÄ :u! WJ!ñU< ÆÊUIOè…œ ËËœ :vî…œ :u!

 UÑU~M:OÄ œ ÈUçOÄ «ËWz ‰WJÖœ ÈW¶<ñU! UïUçOÄ :vÑWz ¨WçOá! ÊUë:Ë;ñWÑUï Ë10ÆWJ!œñË«ñW! «œ

  UÑU~M:OÄ :vïUçOÄ :v¶<ñU! vJ|eï Èuï :v|UçOÄ :v¶<ñU! ñflWÖWz10 «;d! » Ëu! «œ0.02%

  «ó:|ñ œ Èuï :v¶<ñU!2p:Oz vJ|eï ÊUçOÄ ËËœñWÙ ñflWÖWz Ë ÆWfi:OçM! «bïU|ñUOï«“ :v¶A8 œ :È

 ÆWJ!…ñU!ËËœ UÑU~M:OÄ :vÑWz ÆW|Ëu!Wï ÂUîW" p:OìñUë U¶A:OÙ uë W| :ÈbMÙ UïUAOï WÑWz ÊËu!Wï

.1ñWÙ Ë ¨ÊUJ|UîñW! U"W§|U" UëWJìW< œ …ó:OÑUN! ‚…;ñ :vî:uOfiOMÖWî :ÈbOfië:uz

Ë d:OîUz Æ:u8 :v|U¶<:uîUî :u! WÑWM|;dÑe! ÈUMOzWïñUJ! :vî:uOfiMÖWî U¶|dÅ UëWÇñUÄ

vÙUîËœ » ÊdJOèU" v¶AÄ uA! ‘U! :u8 s:O¶<…œ ÆWJ!óèUÄ :vïdJOèU" :vN3

 ÆWJ!óèUÄ vN3 Ë Ëd:OîUz Ë X:OÙœ

.1∫Ê«ñeÙ UïdJ:OÄñUë Æñ…œWMO! v"UNîWÙñW! v¶<ñU!Ë vî:uOfiOMÖWî :vL8u" :v¶<ñU!

.2∫ÊU|ñUOï«“ UïbïU~ïWfi˘WÙ ÆWJ!ñU|œ ÈdëñUë :vMOºfiëuz :v¶<ñU!

.3∫Ê«ñeÙ UïUMO£Nº! Æñ…œWMO! «œ vîWÙñW! œ :vMOºfiëuz s:O :̆uî «ñUîóÙ Ë vî:uOfiMÖWî s:O˘uî «ñUîóÙ

.1∫ÊU|bï…u|WÄ Uï«b:OÄW~˘W! vî:uOfiOMÖWî :ÈbOfië:uz :v|U"…ñW< :vÖu:OÅyOxMg«ó:|ñ ®Æ WJ! ñU|œ

g:OÄ ˛ v"dÖñ…Ë U| UïUçOÄ «;d! ˛ W|UÙW! ˜Wz uJïuÇ ¨WJ! vî:uOfiMÖWî s:O :̆uî vÅW!«œ :̧uî

Æ©WÑñ…œ W|UMOz «;d!

ÊËu! ‰U"ñ:uè Ë ÊdëóèUÄ

ÊUJ|UîñW! ˛

   ÊdëWÑ«;ñ Ë ÊdëWÑ:ËdÅ

  v¶AÖ s:OM¶ÑWëñ…œ :u!
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•W! WÅWÖÆ†…œœ v¶fiï«“ s:OMOì:uëWÑ UO|Wî«ñUë

•v¶fiï«“ U~:|;ñÆ :ÈË UïUMO£Nº! Ë :vëWMOì:uëWÑ UïöÄ :u! XOMOzœñUJ!

•:vÙW~M|˛ UëWA|ñUz Æ†Wëœ :ÈË Uïdë…ñUÇ :u! ñUë Ë †Wëœ ÊUAOM¶<…œ

•…bïW!UÄ Æ«b:OÙW~OèU" œ «b:OïdJ:OìñUë :vî…œ œ :vO"Wîx< s:OïËu!«d:OÄ »

• ÊUïËuLï Æ†Wëbîuë X<Ëñœ UJ:|;ñ » :vÑUz ˛

• :vA8WïÆ  :vÑUz s:|ñWJOÄ UïUçOÄ :u! XOA:Oëœ UëWïdJOèU" bïWÇ

•ÈWMOâM! s:O|ñUOï«“ ÆXOfi:Oçï œ Ë XOçOÄœ :ÈË UOîñWÖ öÄ Ë :ÈË UïËu§KÅ öÄ Ë :vÑUz :v~ï…;ñ ñW< ‰

•vOMO3:Ëñb|UÙ Uï«u" ®PHÆXOçOÄœ :vÑUz UëW|WïËuLï U|©

•:v!…ñUë UïbïUÙWÖ öÄE.C Æ†WëœñU|œ :vÑUz UëW|WïËuLï U|

•«;d! :ÈË W¶OÙWÖœ ÈUOìW4 U| ‚…;ñ :Èu8TDS Total Dissolved Solids

•Èb|ñ:uKë :vïu|Uz UO¶<W8
–ClÆ†Wëœ ñU|œ È

•:vO"«d|u< öÄSalinityÆ†…œbïUAOï Èb|ñ:uKë UO¶<W8 ˛

• v¶AÖ U| È“U<UïTotal HardnessÆ†WëœñU|œ UëWJ:|;ñ bïWÇ »

• «bO¶fiï«“ s:ON3 bïWÇ bìÆ«b:OÑUz U| vÅU! œ v|WïUçOÄ s:OÅË…;ñ W¶OÙW~! uë «œ X|ñWÖœ :È;ñu" ñW< ‰

•UOÅU! «œœ«;ñ†WëœñU|œ v˘Uî:u8 Ë vïUNO3 s:O¶ÅË…;ñ í|Ëœ ‰ s|dJîuë s:OïËuLï

 ¡UO§ï_«ò U"…ñËu< œ :Èœu830X|ó:O!œ «œ å

¨WïUOïU¶fi|ñUÅ UïËu!«b|WÄ s:O| vë…ñW< s:|ñWÖWz ˛ p:Oz :vïU|˛ UOOM:ONï ¨Ê“Wî U"WLFOï ˜Wz

vÑb:OÄ „W|ü Ë ñWÑ…œ Ë „WN3 ñWÙ uë ñW!˛ ¨Ëu!UOë;dÑWÙ Ë ;ñWÅ UïËu!«b|WÄ :vë…ñWÖWz U<…ËñWÙ

:vïW|ô ˛ :vïW" Wï :vìW! ¨sO§! p|eï :v|ñU¶ãdÖ :vÑ ˛ d¶Ä :̈v|UOLOë :ÈñUëd:Oã „…Ë WOÑb:OÄ ¨W:OOÑUz »

 Æ:v|ñW<…ñUÇ UM¶|œWÑ :u! s|WJ! :vÑ«e! uJìW! Wç:OA:|ñUz U|d~ïW|ô Ë “:u<

∫WïWÑWz ÈœñWz :v|Ëñ ñW< UÑUz s:OïËuLï

.1u! vÙW~M|˛ s:O| vìu8 s:OMOMJAÄ Ë W|WÙ «œ U|ñ…œ Ë ñU!Ëñ Ë WÇU|…œ Ë Â:uÖ œ ∫ œñWzñW< UÑUz

 ÆÊ«Ë UïËu!Wï fOÄ ˛ sO!UOM˘œ uë «œ ¨Êdë WM:OÙœ

È… :̨ËdÄ UºïUîñUz

   ÈñUJO|«;ñ vïUëWïUAOï

   p:OÄ X<…œ

:vÑUz s:OïËuLï s:|ñ:u3

v¶fiï«“ :È :̨ËdÄ

GS°à≤ü°ÉA LƒOI GŸ«É√ ‘ Y«qæÉä flà∏Øá eø
H«Äá Gd£ÉdÖ

s:O| «œu3 s:OïËuLï œ :vÑUz U| vÅU! UïËuÇ«bç|b!

«œ È“«u8d:Oã UÙW~M|˛ œ

˜Uïñ«ËñW!‰:uÄ
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.2UïUOÅ UïdëñU|œ :u! ÊdëW¶:OÙœ :u! vÙW~M|˛ UMOMJAÄ È˛ËWz ∫©Ê«dO! UÑUz® œñWz s! UÑUz

 Æ:vï«bÑUzË Ê«ñ:u8WÑ :u! :vïUMOzñUJ!

.3uë «œ ÊdëWM:OÙœ :u! sOMJAÄ Ë ÊüUî WMOÙWÖœ U|ñ:u! » ÊU| s"dÖ«œ W¶:OÙœ ∫ :vï«ñ:u8WÑ UÑUz

 Æ:v| vÅU! s:OOÑb:OÄ s:O¶ÅË…;ñ ‰WÖœ :ÈË UïUºïuÖ «œœ«;ñ ˛ s! X<«;ñ XAÄ

.4W¶:OÙœ ¨W|Uë:uÇ UÑUz ÊU| ©ÊUÙWÖñUë s:O|:Ë;ñ WÅUÄ ® WO|“U<WAOÄ UfiOÄ UÑUz ÊU| ∫ fOÄ UÑUz

:u! :vïUMOzñUJ! UïUOÅ ÊU| :vïdë…ñUÇ UïbïUOÅ UïdëñU|œ :u! :̈vïdë…ñUÇ v¶AÄ Ë ÈñW! sOMJAÄ

 Æ:ÈË Uïdë…ñUÇ v¶AÄ :vï«bÑUz

.5ÊU| ‘d" Uï«ñU!® «b:|ñWÑ…œ œ È«ËWÙ UïËu§fiOÄ :̈Èœœ«;ñ Uï«bïUAOï :u! sOMJAÄ W¶:OÙœ ∫ :vï«ñU! UÑUz

 Æ©Èœ s:|ñWJfiOÄ

 ∫vMO§:O" ÆWM:OJ:Oz s:|ñ:u3 :v< ñWÙ ˛ ÊUïËuLï UM"ñ«ó§ìWÙ ¨«œ :vïUMO£Nº! :vî…œ œ

ÆWJ! :Èñ«u8 ‰ s:OÑWz U|d:|bÑUÇ :vÑUz UïËuLï UM"dÖñ…Ë :vî…œ ‰

.1 ÆWMO!ñUJ! vJO¶<öÄ s:OïUîUz ÊUïËuLï UïdJîuë :u!

.2ñW< ‰ vî…œ Ë ñ«ËñW! UMOfi:Oçï Ë v"dÖñ…Ë WO"UÙ È˛ :vïËu/ :vN3 ÈË UïdJïUAOM¶<…œ

  ÆÈbïUfiOïWçOÄ

.3Ë Œ…;ñ ˛ s"dÖñ…Ë W¶:ON! WïËuLï XO!Uï Ë Æ s"dÖñ…Ë WO"UÙ :È˛ WïËuLï UO"«d|uë ËWz UïdëñU|œ

 Æ‚…;ñ s:OO¶fi|ËôWÙ Ë s|Ëu§îuë «b:O" eãWëË vÑUz s:Oë…ËË;ñ ËWz Èñ…b:|˛ s:O|Ëñ

.4U<…ËñWÙ Ë :vïdJ:OÄñUë ˛ :Èd:Oîóî…œ íOï v¶AÄ vL:OJ! s"dÖñ…Ë W¶:OÙœ :ÈdO! UÑUz UïËuLï

«ñ:Ë“ UO¶<W8 ˛ s¶<«ñUÄ :u8 :u! ® s"dÖñ…Ë W¶:OÙœ UëWIOè…œ bïWÇ v¶AÄ :vOãWïW4 UÑUz UïËuLï

Æ©v"dÖ UOãWïW4 uëWÙ ÈËu§îuë «bO|«eïUë s:O|ñ:u!œ :vfiî Ë s<Uz

.5WM"UÙWï ñWÖWz Ë :vÙW~OèU" WMÙWÖœ :vî…œ ÊdëW¶:ON! ÊUïËuLï UïdëWÑ:ËdÅ ñWfiJ:Oz W~ïdÖ „WìWÖ

 UOîñWÖ öÄ œ «œ«ñ…e:|dã œ «bOJO¶<öÄ s:OïUîUz œ s¶<«ñUÄ WM:ON! ÊdëWÑ:ËdÅ4ºC Æ«œ

 ∫WïWÑWz uë së…ñ:u3 bïWÇ s|Wëœ :vÑUz :u! s:OMOMJAÄ ËWz

.1v|U|eOã s:OMOMJAÄ©ÈdJîuë WïËuLï :vî…œ ËWz ® ÊdëW¶:OÙœ «œ vN3 ÈË œ d¶Ä«ñU! WMOMJAÄ ˜Wz

   :vïËu§KOÅ öÄ Ë :vOîñWÖ öÄ „…ËTurbidity Æv~ï…;ñ Ë

.2v|UOLOë s:OMOMJAÄ ∫„…Ë

 ≠ vMO3:Ëñb|UÙ Uï«u"pH sMO3:Ëñb|UÙ :vï:u|U"Uë UO¶<W8 ∫
+H:vÑUz UO¶:OÅd" öÄ Ë ñ…œWMMOzœ :vÄ

 Èd:OîUz » †WëœñU|œpH Ævç:OÄ

 ≠ :v!…ñUë UïbïUÙWÖE.C ElectricConductivity:vëW|ËË“W" UïdëñWá:O" » ÊUçOÄ W¶:OÙœ

:Èœ :ÈdÖñW! :ÈËWz sOçOÄ :Èœ :vÑUz U|dÖñW! ‘UÄ Ë ¨«bï«ñWfiîW3 ËËœ «ñW§ÑUïœ Âeï „ñWz

 ® :vîuz » s|d:OÖñ…ËOhms ® ”uî » :ÈbïUÙWÖ :u! ©Mohsd¶ëËuâ! s:OëW| » ÊU| ©

 ® WÙ:uLKOî È˛ËWzMilimohsË :vÑUz U| UïbïUÙWÖ öÄ «ñW§ÑUïœ W|WÙ Wï«ËW¶<«ñ UëW|bï…u|WÄ Ë ©

vîUîW" » s:Oè…ñ s:|œœUî UïUçOÄ » sOï«“ WO"UÙ «ËWz W¶OMOÙWÖWî :Èœ WÑWz ÆWîUL" «b:O" s:Oïu|Uz

 ® …Ë«u"TDSÆ©

 UïËuLï UM"dÖñ…Ë

   :vÑUz

:u! s:OïdëWÑ:ËdÅ ËWz

  ÊdëWM:OÙœ :vÑUz
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 ≠  ÈUOìW4 vîUîW" » s:Oè…;ñ s:O|…œœUîTDS Total Dissolved SolidsÊU| s:OÅœ uë ∫

 :v!…ñUë UïbïUÙWÖ s:OM|d!ñ…œ ˛ p:Oz „…Ë ® ÈUÖ“…œ U|ñUJ|ñUÙ » :u8W¶<«;ñE.C©

© ÈUºïuÖ :vMOï“ñUÄ ˜Uz » :vÑUz UïËuLï UM"ËüUÄ » :u8ËW¶<«ñWï UJ:|;d! ÊU| ¨ ñ…œWMOMO!

 öÄ œ sOï“ñUÄ WO"UÙ UÑUz UïËu§LìWÙ » ©…d¶ÅU! ÈWÅËuÅ s:OìUA:|;ñ s:|u:OìUÄC�  180Æ«œ

 WM|UOìW4 vîUîW" s:Oè…;ñ s:O|…œœUî ËWz XO!œ ñU|œ «bìU"W! :vïUîUz :vA:Oë œ UOÙ…b:|“ ËWzTDS

 W! Ëg/L ÆX|d!œñ…œ

 ≠ :vO"«d|u< UïdJMOL8W"SalinityUïdJMOL8W" :̈ÈË :u! s|d!ñ…œ s|d¶~ïdÖ ˛ p:Oz ∫

 b|ñ:uKë :vï:u|UïUz UO¶<W8
–Cls:|;d! UïdJ:O" UJ:|ñ » È˛WÑWz Ë ÆW|«b:OÑUz œ ÈUOìW4 :È

®  W| vç|“ :v"«d¶Oï ˛ vÑb:OÄ0.2 mol/Lg:Oë UïdëWÑ:ËdÅ UJOMëW" :Èœ :vÑ v¶AÄ Ë©

 Æ«b:OïËuLï œ Èb|ñ:uKë :v¶<ñU! UïdëñU|œ :u! sOMOzñUJ!

 ≠  v¶AÖ U|“U<UïTotal Hardnessœ Â:uOfiOMÖWî Ë Â:uOfiOìUë s:Oï:u|U"Uë UïËu!WÙ :ÈñWÖWz∫

ÈËu! d|uÙ s:|;dÑWë ÊU| :v8Uz ˛ d¶Ä«ñU! Wïu|U"Uë ˜Wz Æ:vÑUz U|“U<Uï :ÈñflWÖWz WM!œ «b:OÑUz

„…Ë vÙW~OèU" s:OJ:|ñ » :vÑUz U|“U<Uï W|«bïUOÅ œ Ë ¨s!œ :vÑUz vìWJ:O" «b:OÑUz œ

vÑb:OÄ Uë…;d! UïdJ:O" » ÊUï:u|UïUë ÊUÑWz UïbïUAOï » È˛Wz Ë ÆsOçOá! g:Oë UïdëWÑ:Ë;dÅ

  :ÈË«dOÖ˛3CO20.02 mol/L Nañ…œWMOMO! :vïdJAÙ v¶AÄ ÈËu¶AOï :v¶<ñUÄ vÅUÄ ¨

  Æ©Wî:uOfiOìUë :v"Uïu!ñUë :vM"Ëu¶AOï 5ï«œU<uÙ :Èd:Oçì Ë ®
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•UOOMO§:O"ÆÊ…œœUAOï v|UOLOë UJ:OìñUë Uï«œËË;ñ s:OÑ:Ë;dÖ Ê«ËWz

•ÊUOOMO§:O" ˛ ÆËu!«b|WÄ Èuï :vë…œœUî uë XOÑWëœñ…œ :u!

• U|bï…u:OÄ Æ†WëœñU|œ v|UOLOë UJ:OìñUë Ë vîñWÖ «ñW§ÑUïœ

•UJ:OìñUë UH<…Ë Æ@ïW<ËUÙ UO|UOLOë UA:OëËUÙ UMOfi:Oçï » †Wëœ

•:Èñ:u3 Æ†Wëœ ñU|œ v|UOLOë UJ:OìñUë

uë W|WOMO§:O" ËWz ¨W|«œËË;ñ v|UOLOë UëWJ:OìñUë vï«e! uë ÊWëœ W" U|ñUJ|ñUÙ uë s:OJ:|;ñ Ê«Ë˛ p:Oz

:ÈœœUî XO!œ Ë ¨ÈdJ:OìñUë s:|œœUî s:O¶ÅË…;ñ ˛ «œu3 v"UNîWÙñW! s:|œœUî s:O¶ÅË…;ñ

:vÑœ :Èœ Æ«œ Èœ UO|UOLOë UëWJ:OìñUë œ ÈdJ:OìñUë :ÈœœUî :u! X|ñ:uÙu~! Èuï :vO"UNîWÙñW!

® fî :vï«d¶Oï :ÈË«dOÖ œ †…œœËË;ñ vMO! ÊUJ:OìñUë Uë…dOºï“ «b:OïdJOèU"IIUë…dOºï“œ :vî…œ ©

ñWÙ œ Ë ÆÊ…œœËË;ñ «b:OïdJOèU" U|ñ:u! ÊUîWÙ œ WJ:OìñUë vîWÙ ˜Wz ¨X|ñ:u!œ «œ «œu3 s:OJ:OìñUë

:vîUºïWz  W|Ëu! «b|WÄ Èuï :vë…œœUî †…œœ ÊUAOï uë ÈñWÖ ÊUÑËdÖ Ê«Ë ‰ :Èœ «œ :vëWÑU~M:OÄ

‰WÖœ ÈWëñ«ËñW! Ë ÈWë :vOîñWÖ s:OM|ñ:uÙuÖ UOMO§:O" :Èœ U<…ËñWÙ Æv|UOLOë s:OJ:OìñUë

W" s:|ËWz í|Ëœ ‰ s|«œËË;ñ :vë…ñU3 ñWÙ s:OJ:OìñUë ËWz :Èœ U<…ËñWÙ Æv|UOLOë s:OJ:OìñUë

ÆÈWJM:Oì:uÄ s|bï«u8

s:OJK3 Ë ˜UÇ UM¶<«ñUÄ :u! :u8ñW! WJ! :vÅuëñW! Ë :u8 s:OÑUÇñW! WJ! e:|ñUÄ s:OJÑUÇñW! Â«Ë…œñW!

Æ:u8

:vÄ :u8 :v|U¶<:uîUî ËuA! W" s:OJK3 ÊU| X<…œ ñW< W¶ãWë ñflWÖWz Ë Æv|UOLOë :vë…œœUî ñWÙ WëWï X<…œ

ÆWJ!ñ«bÙUÖUz

ÆWJ!:u8 :v|U¶<:uîUî È“UÖ X| :̨u<œ v|UOLOë :vë…œœUî ñWÙ :vî…œ

Æ…b! :ÈdÖ ñ:uÅWÄWÅ s:OJK3 Æ vMOzœñUJ! ÊeïW! :ÈdÖUz u" :vî…œ

Æ«bO|U<Uz s:|:Ë;ñWÅUÄ UJìW< œ …ó:OÑUÙ Wï ñU3 ı v¶<WJÅ s:OÅËuÅ

ÈñUJO|«;ñ s:OïUAOï

 p:Oá¶<…œ

   v"Wîx<

   UïdJOèU"3G’S°àó’∫ Y∏≈ Móhç JØÉYπ c«ª«ÉF»v|UOLOë UJ:OìñUë Uï«œËË;ñ Uï«bïUAOM:|;ñ

˜Uïñ«ËñW!‰:uÄ

62



 dOîUz Ë…œœUî

   ÈñUë UJ:|ñ

 •1.0 M® fî :v"«d¶OïII©•vM<Uz UëWIìWz

 •1.0 M HCl• :vïUA:OëWA8Wï :vëWfiOçM:OÄ

 •1.0 M NaOH• v|WIìWz ©p<UÖ® Uë…dOÖ

 •  …ñU!Wè „WïUîUz100 mL• W¶<«;ñ

 • U|ó:|ñœ Â:uOMîuìWz UëWK:O"12 cm• ® :vïdJOèU" UëW|ñ:u! 100 mm*13 mm©

 •:ÈË s:O¶A"Ë ÊeïW! :ÈdÖUz• :vïdJOèU" s:O|ñ:u! :Èd~ìWÙ

 •:vï«œWçJ:O" :u! ÈWAOÅ UëWìËu"•·…“W8 «bïWÑUï » v|«eïUë :È;ñ:u"

.150 mL …ñU!Wè :vïUîUz ˜Uïœ WJ! :vÑUz ˛100 mLU"WÙ WJ! ÂñWÖË

 UÑU~M:OÄ ‰ :Èœ ÂñWÖ UÑUz ˜Wz Æ:vMOìWë5 ÆX:OÙœñUJ!

.2ñW< ‰ ÊUïUAOï :v< UïdëWM:|Ë :u! ÈW¶<«ñË vfiOçM:OÄ ¨XO!œ ÂñWÖ ˜Uz U"WÙ

 U|d|Ëœ » :vïdJOèU" U|ñ:u!1 cm ÆXO!

 ÆÈñW< :u! :v|ñ:u! :vJM!˛  ÊUïUAOï UïUï«œ » WJ§:Oá¶<…œ

.3 :ÈË«dOÖ ˛ :vë…;d!1.0 M® fî :v"«d¶OïII WJ! :vJ:Oz UïUAOï U"WÙ ©

 Æ©√®Èu:OÅ ‰ ñU|œ U| vë…Ë :vJ:Oz UAOï U"WÙ «œ :vïdJOèU" U|ñ:u! ˜Uïœ

.4 :ÈË«dOÖ ˛ :vë…;d!1.0 M Â:u|œ:u< :ÈbOfië:ËñbOÙNaOH vKÅ :v¶<Uz U"WÙ

 Æ©»®:Èu:OÅ ‰ ñU|œ U| vë…Ë :ÈËËœ UïUAOï U"WÙ :vïdJOèU" U|ñ:u! ˜Uïœ WJ!

:̈u8 ñWJ! :vJÅuëñW! Ë :vM¶<«ñUÄ † :u8œ v¶fi:OÄ Wë…œœUî  Â:u|œ:u< :ÈbOfië:Ëñb|UÙ   ∫ Èñ«bÅuÙ

…œœUî Ê«ËËœñWÙ ˛ p:O‡z ñWÙ ñWëWÙ ËÆÊUÑUÇ » ÊU| v¶fi:OÄ » È…œœUî UM¶ãWë ñW! ˛ W|d|ËœË

Æ:ÈbïWÇ :ÈË » WJ! :u8 :v|U¶<:uîUî U|ñ«bÙWÖUz Ë uA! :vÑUz » ñWfiJ:Oz XOÑWJ! :vÑ

 :uA! :vÑUz » ‘U! vÅUÄ ¨ÈWAOÅ :v˘u" » WJ! ‰WJ:O" Ê«Ë«dOÖ ËËœñWÙ

ËWz «œ :vïdJOèU" U|ñ:u! :vM! WJ!:u8 :v¶<…œ Æ:Èe:Oî ñW< WOï«œ ÈñW!

 ®:vfiî :ÈbOfië:Ëñb|UÙIIÈ«b|Ëñ s:OM|;ñuÙuÖ ËWz ÆWî:u|œ:u< :v"«d¶Oï Ë ©

 ÆWJ! ñUî:u" :ÈË :u! ÈdëñU|œ :Èñ«u! ‰

 ∫vMO§:O"

  UÑU~M:OÄ ‰ :vJ:OìñUë Uï«b|Ëñ U| v|UOLOë UA:OëËUÙ4 ÆWfi:OçM!

 øWOOÇ :ÈñW! UJ:OìñUë :Èñ:u3

©√® :Èu:OÅ

©»® :Èu:OÅ

 fî :v"«d¶OïII

:ÈbOfië:Ëñb|UÙ

 Â:u|œ:u<M 0.1
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.5 UÑU~M:OÄ ‰ U| ÂñWÖ UÑUz ËWz ˜Uïœ Wï«œ :vïdJOèU" U|ñ:u!1:vÑ :vîWÙñW! ®Êdë…œUîUz WO"UÙ

® :vfiî :ÈbOfië:uz ËWz vJ:OìñUëII«œ :vïdJOèU" U|ñ:u! ‰ È«b|Ëñ s:OM|;ñuÙuÖ  ËWz ©WÑUz Ë ©

 ÆWJ!ñUî:u"

 ∫vMO§:O"

UÑU~M:OÄ ‰ :vJ:OìñUë È«b|Ëñ U| U|UOLOë UA:OëËUÙ5:È:u3 UïdëñU|œ ‰WÖœ Wfi:OçM!

 Æ:vJ:OìñUë

 ∫:vJ:OìñUë :Èñ:u3

 øWOOÇ «b:OÑUz ÂñWÖ UïUMOzñUJ! Ë :ÈñW! UJ:OìñUë :Èñ:u3 «ñW§ÑUïœ Èbï…u|WÄ

.6¨WM|dîWÑ ÊeïW! :ÈdÖ ÆWë«ñ ÂñWÖ UÑUz ˜Uï ˛ :vïdJOèU" U|ñ:u!

:vî…œ :u! :ÈË Uë:ËñWÑUï Ë :vïdJOèU" U|ñ:u! ¨«b:|ñËË˛ :vÅWë œ

 ® :ÈË«d:OÖ ˛ :vë…;d! ÆWJ!ñU< ÊUëWì:u8 ËËœ1.0 M:vÅd"

U| vë…Ë ¨«œ ˜Uïœ WJ! :vO< UïUAOï U"WÙ©p|ñ:uKë:Ëñb|UÙ

 Æ©Ã® :Èu:OÅ ‰ ñU|œ

Æ†:u8œ v¶fiOÄ Wë…œœUî p|ñ:uKë:Ëñb|UÙ :vÅd"  ∫Èñ«bÅuÙ

…œœUî uë W!d|Ëœ Æ:u8ñW! W|WJ! :vJÅ:uëñW! Ë :vM¶<«ñUÄ :u8 s:OJÑUÇñW!

UïUA:OJìWÙ sN:O! ˛ W!d|Ëœ U<…Ë ñWÙ ÆÊUÑUÇ ÊU| v¶fi:OÄ ñW< W¶OÙWÖWï

:vN3 ¨W" :vÅWì ñW< W"˛ñ È…œœUî vÑ˛ „W¶A" ñWëWÙ ÆÈ…œœUî UL˘WÙ

 Æ WJ!:u8 :v|U¶<:uîUî U|ñ«bÙWÖUz Ë :uA! :vÑUz » ñWfiJ:Oz ñW< WO"˛ñ

Èe:Oî ñW< ‰ ÈñW! :uA! :vÑUz » ‘U! vÅUÄ ¨ÈWAOÅ :vìu" » WJ! ‰WJ:O" Ê«Ë«dOÖ ËËœñWÙ

® :vfiî :Èb|ñ:uKë ËWz Èuï :vîWÙñW! Ævï«œII«b:OïdJOèU" U|ñ:u! œ †…œb|Ëñ UM|;ñuÙuÖ ¨WÑUz Ë ©

 ÆWJ! ñUî:u"

∫ vMO§:O"

 UÑU~M:OÄ ‰ :vJ:OìñUë Uï«b|Ëñ :u! @ïW<ËUÙ v|UOLOë UA:OëËUÙ6:Èñ:u3 UïdëñU|œ ‰WÖœ Wfi:OçM!

Æ:vJ:OìñUë

∫:vJ:OìñUë :Èñ:u3

©Ã® :Èu:OÅ

 :vÅd"

p|ñ:uKë:Ëñb|UÙ

1.0 M
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:u8 Ë ÊdëóèUÄ

   ÊUJ|UîñW!˛ ÊdëñUÖ“ñ

  ñUO<dÄ

.7:v¶<…œ ÆXO¶<…Ëœ«ñ p:OìñUë U"WÙ WK:ON! Ë «œ :vïdJOèU" U|ñ:u! ˜Uïœ Wï«œ vî:uOMîWìWz UëWK:O"

Ê…b|Ëñ p:OìñUë Ëœ …d:OÑ ‰ Ë Æ:vîñWÖ UïËu!«b|WÄ ˛ W!ñUOAÙ «œWÑñ…œ˛ :v|ñ:u! :vJM! WJ! :u8

:vÅd" ‰WÖœ vJ:OìñUë Â:uOMîWìWz U<…ËñWÙ ÆXO!œ «b|WÄ :È˛ Â:uOMîWìWz :Èb|ñ:uKë Ë vfiî Ë

s:OM|;ñuÙuÖ ÆXOMO! p:OÄ vî:uOMîWìWz :Èb|ñ:uKë Ë 53:Ëñb|UÙ «œ †Wëœ vJ|ñ:uKë:Ëñb|UÙ

 ÆWJ! ñUîu" «œ :vïdë vèU" U|ñ:u! ‰ Ê…b|Ëñ

∫ vMO§:O"

 UÑU~M:OÄ q:OJ:OìñUë Uï«b|Ëñ :u! @ïW<ËUÙ s:O|UOLOë s:OA:OëËUÙ7 ÆWfi:OçM!

 øWOOÇ È«b|Ëñ UJ:OìñUë :Èñ:u3 ËWz

.8ÈWÙ :vfiî UëWÇñUÄ ÈËu!«b|WÄ :vfiî U|œñËËñW! Ë ÆW‹:O!ñ…œ :vïdJOèU" U|ñ:u! ˛ :vK:O"

 Æ WJ!ñUî:u" :u8 s:OMO§:O" Ë ¨«œW" UÙW~OèU"œ

.9Ê«Ë s:ON3 :u! Ê«d:OîUz ÆWJ! óèUÄ «b:OÙW~OèU"œ :u8 :ÈñUë :vN3 Ë Ê«d:OîUz vîWÙ

s:OJìU< œ Ë«dOÖ Ë v|UOLOë s:|œœUî ˛ WJ!ñUÖ“ñ :u8 ÆWM|;ñWÖWÑ vë…ñW< s:O|

:vMOìu< s:O|ñ:u! œ W|ó:OèUÄ ÊU| …ó:|ñWï v|UOLOë s:|œœUî ı s|dë…œUîUz Ê«Ë :u! s:O"W§|U"

:u8 s:O¶<…œ ‘U! ÆÈU¶<:uîUî UïËu! È“«ñ :v| «œ v|U<Uz s:OJ|UîñW! s:OJìW< ÊU|

 ÆÈñUë vÙUîËb! v¶AÄ Ë :vÙW~OèU" ˛ UM¶ãWëñ…œ ÈñW! :uA!

.1∫ Ê«ñeÙ UM¶fi‹J:|ñøWOOÇ v|UOLOë UJ:OìñUë :ÈñWÖWz

.2∫ Ê«ñeÙ UM¶fi‹J:|ñË Æv|UOLOë UJ:OìñUë Uï«b|Ëñ ñW< ‰ †…œœ Ê«Ë :u! :v~ìW! …ó:O! Ê«ñUÖ:uÙ Ëœ

Æ…ó:O! :vïdJOèU" :vÑ ˛ ÈdëñU|œ s:OïW|ô
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  v¶AÖ s:OîU$Wzñ…œ

.3∫©ÈdëWÑ:ËdÅ ®ÈdëñUJOÅ s:O|ñUOï«“«œ :vïdJOèU" :vÑœ ÂWÙñW! Ë p:OìñUë s:|œœUî vîWÙ

 ÆWJ! «œu3 ÊU¶:|ËUz Ë r8u" ÆWJ!ñU|œ

.4∫ :vïdëñUJOÅ s:OJ:|ñ øWJ! «œu3 ÈË«dOÖ ˛ Â:uOMîuìWz :Èb|ñ:uKë 5:OÅœ «ËWÇ

.5∫È«b:OÄW~ìW! s:OîU$Wz øWOOÇ vfiî s:O¶:|ËUz s:|Ë«dOÖ :v~ï…;ñ :ÈñWz

.6∫ÈdëñUJOÅ s:OîU$Wz«b:OÑUz œ :vM|˛uÙu! UïUOÅ «œ :vïdJOèU" œ Èdë p:Oì;ñUë s:|œœUî gOë

ø X|˛uÙu! Uï «œ :vÑUz œ Ê«Ë˛ gOëË øW|WÙ

.1∫ÈdëñUJOÅ s:O|ñUOï«“ Æ…ó:O! È«œ ÂU$Wz W" UïdJOèU" :ÈË ‰ s|«b|Ëñ s:O|UOLOë s:OJ:OìñUë s:|ñ:u3
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•:vëWïdJOèU" UïUA:OëWA8Wï Æ†Wëœ ÊUL8u" UOëôUÇ UïdëñU|œ :u!

• UïdJOèU" Æ†Wëœ ÊUL8u" „…bMÙ UOëôUÇ UïdëñU|œ :u!

•ÊUL8u" Uïdëe:|ñ Æ†Wëœ v|UOLOë UOëôUÇ í|Ëbì

• s:O|«“…ñUÅ ÆXOMOzœUJ! :v¶fiï«“ s:|ñU|dë

˜Wz Ë ¨WM|Ëu!e:|ñ v|UOLOë U| «Ë UOëôUÇ n|Ëbì «b:O" r8u" ¨WëW¶fiOì ËWz vëôUÇ «dOºï“

W|Wëœ È«eïUë UëWÇñUÄ :vî…bì Æ«œ :ÈñW! s:OïdJOèU" UëWîuë Uï«bîUºïWz «ñW§ÑUïœ ¨ …ñU|œ U| …dOºï“

ñW< ‰ :Èœ d¶L:Oë vëôUÇ :v|«eïUë ¨XO!d¶L:Oë vëôUÇ d" Èœ :vëW|«eïUë :ÈË«dOÖ ˜Uïœ

d¶L:Oë vëôUÇ :v|«eïUë :vN3 d¶Ä vLëôUÇ :v|«eïUë :Èœ ® X:OOAOï d¶Ä vëôUÇ :v|«eïUë UÇñUÄ

UëWîuë Uïdë Ë ÊUA:Oë WA8Wï » s!œ«ñ v!U"uè ¨«b:OïdJOèU" :vÑ œ Æ©X|dÖ X:OOAOï œ :ÈËWz

» s!œ«ñ :ÈË ‰ Ë ¨Ê«eïUë ÊUÑ :u! v|…ó:|ñ UOëôUÇ WMÙWÖœ :ÈË s:OîUºïWzñW< ‰ Ë ¨ÊUïdJOèU"

 ÆÊ«eïUë ÊUÑ :u! v|UOLOë UOëôUÇ :u! p|uâ! Uë…dOºï“ UïdJ¶<Ëñœ

Ë ˜UÇ UM¶<«ñUÄ «œ :u8ñW! WJ! Â«Ë…œñW! :vÙW~OèU" :vÅuëñW! Ë :vM¶<«ñUÄ :u8 s:OJÑUÇñW!

 Æ  ÈWJ! :u8 s:OJK3

 ÆX|ó:|ñœ v|UOLOë :vë…œœUî ñWÙ :vî…bì WJ! ÈU¶<:uîUî È“UÖ

 Æ:u8 :v|U¶<:uîUî …ó:O! Ë :uA! ¨s¶ãWëñW! s:OJK3 Ë X<…œ ñWëWÙ Ë ¨v|UOLOë s:|œœUî ı WëWï X<…œ

 •:vïdJOèU" s:O|ñ:u!•  …Ë«dOÖ0.1 mol/LHCl

 •©pï“® UO":u" s:OÇñUÄ•  …Ë«dOÖ0.1 mol/L2CuCl

 • fî s:OÇñUÄ•  …Ë«dOÖ0.1 mol/L2ZnCl

 • Â:uOfiOMÖWî s:O¶|dÅ•  …Ë«dOÖ0.1 mol/L2MgCl

   :vïUMO£Nº! s:OïUAOï

   vëWA:OÄ

  v"Wîö<

   d:OîUz …œœUî

  UïdJOèU"4J©«Ú Gdæû°ÉW«á Gdæù°Ñ«á dÑ©†¢ GdØ∏õqGäÊU|«eïUë „…bMÙ :u! v|…ó:|ñ UOëôUÇ UïdëñU|œ

˜Uïñ«ËñW!‰:uÄ
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 Êdë…œUîUz

 ÈñUëUJ:|ñ

 ÊdëWÑ:ËdÅ Ë ÊdëñUJOÅ

.1X:OÙœ :v¶A8 ÈË í|Ëbì ¨ÊUïdJOèU" ˛ UëWîuë UïUA:OëWA8Wï ‰ WMO!ñUJ! Ê«d:OîUz Ë …œœUî

 ÊdëdÄ W¶:ON!� ÈWïUAOï Ë p:OìñUë :vï«œËË;ñ :vî…bì××Æ«bOï«œWïËË;ñ :vî…bì

.1:vN3 Ë ¨WJ!e:|ñ «b:OOëôUÇ «dOºïñ ‰ Ê«eïUë :v< ñWÙ ¨ÈW¶A8 vÑ » s¶<W! XAÄ »

ÆWJ!ñU|œ «œ ÈdJ|uâ! «dOºï“ :vÑ ‰ vMO3:Ëñb|UÙ

.1∫Ê«ñeÙ UïbïU~ïWfiìWÙ:ÈË UïdëñU|œ Ë ¨…dÑe! :u8 UëËu"ñWÄ ‰ ÊUL8u" UOëôUÇ «dOºï“ :u!

ÆW¶<«ñ :ÈñWz WJ! Èdë…œUîUz W" «dOºï“

Zn

Cu

Mg

HClH
2CuCl2ZnClZ2MgClM …Ë«dOÖ

 «eïUë

ÊU|ñUOï«“ :v¶fi8
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  UïdJOèU"5

•s:|ñU|dë ÆXOï«“œ v|«“…ñUÅ » :v¶<ñU! UïUçOÄ

•«ñUî˛Æ†Wëœ ÊUAOï X<…œ :vïdJOèU" » «b:OëWJ:OìñUë œ ÊUîWÙñW! Ë ñWJ:OìñUë s:O :̆uî

•:v|bï…u|WÄ ÆXOMOzñUJ! «bïU|ñU|d:Oî˛ œ v|UOLOë UëWJ:OìñUë :u! :v :̆uî Ë :v¶<ñU! «ñW§ÑUïœ

•Èbï…u|WÄ U|ñUî˛ Æ†Wëœ v|UOLOë U|ñU|d:Oî˛ Ë XO!WÙWÑ :v|dÇ »

©pO¶fiz® UJ:ONO< vÅd" Ë vMO3:Ëñb|UÙ :vî:u|œ:u< :v"Uï:u!ñUë s:|d! ËËœñWÙ «b:OïdJOèU" :vÑ œ

UïdJ:OìñUë » È˛WÑWz Ævï:u!ñUë :ÈbOfië:uï«Ëœ ˛ ÈdëñU|œ Uë…;d! UïUMOz ÂWÙñW! :u! vÑb:OÄ «ËWz

 p:OìñUë :ÈœœUî ˛ Èd|uÙ » ÈUçOÄ :vëW¶<ñU!3NaHCOUïUçOÄ vÅUÄ Ë :̈vëd< ‰WÖœ

 ÂWÙñW! :v¶<ñU!COONa3HCWO"UÙ :vÄ UJNO< vÅd" s:O :̆uî «ñUî˛ «bOî…œ ÈË œ :vOÅœ u"

 s:O :̆uî s:|ñUî˛ Ë ÊUMOzñUJ!2COÈ̂:uî U|bï…u|WÄ UïUMOzñUJ! Ë Æ†Wëœ ÊUAOï X<…œ ÂWÙñW! :v|

Ë ñWJ:OìñUë :vë…œœUî ñWÙ :v¶<ñU! ñU|dOî˛ v:OÅœ :u" Ë«bOîWÙñW! Ë ñWJ:OìñUë s:|œœUë «ñW§ÑUïœ

 ˛ ÈdëñU|œ :vë…ñU!Wè UïUMOzWç¶<…b! :u! vÑb:OÄ s:O| ÈË s:O :̆uî «ñUî˛2COUïUMOzWç¶<Ëñœ :u! Æ

 :ÈñU!Wè2CO U|dÇ W| vÑb:OÄ :̈ÈË :v¶<ñU! ˛2CO È˛WÑWz vï«e!1.52 g/LUOOîñWÖ öÄ ‰

Æ«b:|ñËË˛

ÆÈe:|ñUÄ :u8 s:OÑUÇ Ë q3 U"WÙ :̈u8ñW! WJ! :vÙW~OèU" UJÅ:uëñW! Ë :vM¶<«ñUÄ :u8 s:OJÑUÇñW! Â«Ë…œñW!

:v|U¶<:uîUî …ó:O! Ë :uA! XãWë s:OJK3 Ë X<…œñW§! …œœUî ñWëWÙ Ë v|UOLOë s:|œœUî ı WëWï :u8 :v¶<…œ

 Æ:u8

Æ…b:|dÖ Á…dãñW! Ë ñËuÅ s:OJK3 ¨ vMOzœñUJ! ÊeïW! :ÈdÖUz :vî…bì

 Æv|U<Uz s:OJ|UîñW! UJìW< ˜Uï œ WëWï v¶<WJÅ X:OAOÅ Ê«ñU3 ı

 ÆX|˛ñœ v|UOLOë :vë…œœUî ñWÙ :vî…bì WJ! :u8 :v|U¶<:uîUî È“UÖ

 :vïUMO£Nº! s:|ñ…bïUAOï

 vëWA:OÄ

v"Wîö<

Gd©Óbá HÚ Gdμà∏á hGŸƒ∫ ‘ GdàØÉYÓä 
Gdμ«ª«ÉF«á «bO|UOLOë s:OJ:OìñUëœ :v :̆uî Ë :v¶<ñU! «ñW§ÑUïœ Èbï…u|WÄ

ËUï:̨Ë;ñ‰:uÄ
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d:OîUz Ë …œœUî

 Êœdë…œUîUz

ÈñUë U~:|;ñ

•COOH31.0 M CH•  :vïdJLìWÙ :vëWïUîUz

•g 2-33NaHCO•ñ«œWKÄ UëWìËuì

•  È“«ñW"• v|WIìWz :Èd~˘WÙ

• ©p<Uî®vïUîUz UM"dÖ :vë…ñ«œ•pâÑWë

   •         „:ËdÑ ÊU| ÊUÑUÇ UëWM:OÄ:u˘œ•:Èd:Oîóî…œ UëWAOÅ

• ©·e8®«bïWÑUï » v|«eïUë Uë…ñu"•¨ÈË s:|uJÅUÄ Ë ÊeïW! :ÈdÖ

 Æ:vÑUz :Èñ…e:OÖ ÊU|

.1 ÆÊU|ñUOï«“ UïdëñUî:u" :u! WMO!ñUJ! X:OÙœ :v¶A8

.1 s|d" p|e:Oï :u! :Èd:Oîóî…œ :vAOÅ Ë pAÙ Ë óèUÄ :v| :vïdJLìWÙ :vïUîUz :v¶<ñU!0.01 g

  ÆWJ!ñUî:u" ÊU|ñUOï«“ :v¶A8 ‰ :vïbï«u8

.22g U"WÙ3g3NaHCO :v¶<ñU! vÅUÄ ¨«œ :vïbïULìWÙ :vïUîUz ˜Uïœ WJ!3NaHCOË

vJ|e:Oï :u! :vïbïU*WÙ :vïUîUz Ë :Èd:Oîóî…œ :vAOÅ

0.01g  ÆWJ!ñUî:u" ÊU|ñUOï«“ :v¶A8 œ :vïbï«u8 Ë

.3: Èb:OÙ0mL3WJ! pOëd< :vÅd" :ÈË«dOÖ ˛

  ˜UïœNaOH:̈vïbïUî^WÙ :vïUîUz ‰ ÈWÙ ËWz

d"…b:|“ vÅd" vëËóî ÊU| :vÑUÇ UM:OÄ:uìœ UïUMOzñUJ!

Æs¶<…Ëœ«ñ pAOèWÄ U"WÙ :ÈWJ!

.4:vïUîUz vMOzœñUJ! ÊeïW! :ÈdÖUz :u" ñWëWÙ

«ñ:u" ñW< ‰ Wï«œ :ÈË Uë:ËñWÑUï Ë :vïdJLìWÙ

¨v|WIìWz :Èd~ìWÙ ñW< ‰ ÊUï«œ WO"UÙ v|«eïUë

:vAOÅ ÆXO!œ ñU|œ ©√® :Èu:OÅ ‰ vë…Ë

:vïUîUz ñW< ‰ Wï«œ È˛UÑËñW! :Èd:Oîóî…œ

UïËu!WÙ ˛ :vïËu! ÕW<Wz ‰WÖœ :vïbïUL˘WÙ

u" :vî…bì :̈È“UÖ UM¶ãWëñ…œ :u! p|uâ! UëWïuë

UïUï«œ » È˛Wz ¨vMOzœñUJ! :vîñWÖ :Èñ…eOÖ

 ÆÂñWÖ :v|ô ñW< ‰ ñWfiJ:Oz :vïdJLìWÙ :vïUîUz

pOëñW< :vÅd"

.1Èd:Oîóî…œ :vAOÅ Ë vïUîUz :v¶<ñU!

.2 Ë :Èd:Oîóî…œ :vAOÅ Ë vïUîUz :v¶<ñU!3NaHCO

.3:v|Ëu¶AOï Ë :Èd:Oîóî…œ :vAOÅ Ë :vïUîUz :v¶<ñU!

aCOON3CH Æ:vJ:Oz UïdJîñWÖ :vî…œ v¶AÄ

.4 :v|Ëu¶AOï Ë :Èd:Oîóî…œ :vAOÅ Ë vïUîUz :v¶<ñU!

aCOON3CH Æ:ÈËËœ UïdJîñWÖ :vî…œ v¶AÄ

  ©√® :Èu:OÅ:Èu:OÅ » :Èd:Oîóî…œ :vAOÅ

WO"UÙ ©ÈñW< :u! ‰UÇ UÇñUÄ®È˛UÑ:ËñW!

:ÈËWz :vïdJLìWÙ :vïUîUz ñW< ‰ ÊUï«œ

:v| vã…“W8 :vèWÇ ñW< ‰ ÊUï«œ WO"UÙ

Æv|«eïUë «ñu"

ÊU|ñUOï«“ :v¶A8
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˛ Êu!ñUÖ“ñ Ë ÊdëóèUÄ

ÊUJ|UîñW!

Ê«bJ:Oì ñUJOÅ

.5pAÙ Ë ‚…;ñ s:OJ|UîñW! Ë XO!œ pAÙ U"WÙ Èb:OÙ » WJ! ÂñWÖ :̈vïbïUL˘WÙ :vïUîUz

“Wì » ® ÆWïUîWï Wç:|d:Oîóî…œ :vA|uÅ s:O8…ñ » :vÑUz s:OJáÇ uë W§¶<«ñ XAÄ ¨XOMOîœ «bÑUïœ

ñWÄ :Èu:OÅ » vîWÙñW! UïËuÇ p:O" Ë „:ËœWÑUï UMOìWë :ÈñflWÖWz W¶O! :Èœ vJïuÇ WëWï ÂñWÖ

©:vïbïUL˘WÙ :vïUîUz ÈWÑñ…œ˛ :u! ÊUëuïW" Ë pAOî

.6 WÑ r:Oë :v|ô » Ê«d:OîUz ©:v!…ñUë :ÈñW¶OÙ ÊU| ® WM|dîWÑ ÊeïW! :ÈdÖUz :v|«dÇ15ÊUëWì:u8

 s|d¶J|e:Oï :u! Èd:Oîóî…œ :vA|uÅ Ë :vë:ËœWÑUï Ë :vïUîUz :v¶<ñU! ¨s§!ñU< WK:ON!g 0.01¨WçOÄ

 ÆWfi:OçM! ÊU|ñUOï«“ :v¶A8 ‰ :Èd:Oîóî…œ :vA|uÅ Ë ÈËu¶AOï Ë vïUîUz :v¶<ñU!

.7ÂñWÖ d" Èœ s:OëWì:u8 ËËœ ÈWA|uÅ UëËñWÑU" Ë :vïbïUL˘WÙ :vïUîUz Ë XO!WÙ Â…œ ñWëWÙ

ËËœ :vî…œ ‰ :vïËuLï UïËu! pAÙ ˛ v! X<«ñ XAÄ v:OÅœ :u" ¨XO!ñU< WK:ON! Ë ¨WJ!

   «ñW§ÑUïœ s!«œu3 œ sO¶ãWë W" X<…b! s:O¶<ñU! ˛ p:Oz í|Ëœ ‰ p:Oz s:OïUçOÄ0.02 g

 Æs!Wï d"…b:|“

.8¨Ê«Ë s:ON3 ˜Uïœ WJ! Ë WJ!óèUÄ :vÙW~OèU" :vN3 Ë ÊôWÄ Ë ‰Wë Ë d:OîUz vîWÙ

ı ÆÊWJ!ñU|œ U¶<:uîUî uë s:O"W§|U" s:OJìW< ˜Uïœ WJ! Ê«Ë«dOÖ Ë v|UOLOë s:|œœUî

s:O¶<…œ ¨W" W"…œWï :v"Wãñ…œ U¶<:uîUî U"uÙ «œ :vÑUz X<…œ ˜Uïœ …ó:OÑUÙWï Ê«œœUî

 Æ:vÙW~OèU" ˛ :vM¶ãWëñ…œ ËW" :ÈñUë UïËu! ÂUîW" v¶AÄ :uA! ‘U! :u8

.1∫:vïdJOÅ :vîUºïWz‰WÖœ ©Âu|œ:u< :v"Uï:u!ñUJO!® È«œ:u< UJ:OìñUë UO~ïW<ËUÙ UëWA:OëËUÙ

ÂWÙñW! œ ñWJ:OìñUë s:|œœUî vîWÙ v|U|eOã s:O8:Ëœ ˛ W! ÕW<Wz ¨Wfi:OçM! pOëñW< vÅd"

Æv"UÙ

.2∫ ÊU|ñUOï«“ UM¶fi‹J:|ñs:|œœUî ˛ p:Oz ñWÙ :È̂:uî :v¶<ñU! UM¶|œWÑ :u! vì:u8 :v¶A8 UïUMOzñUJ!

    Æv"UÙ ÂWÙñW! ËËœdJ:OìñUë

.3∫ÊUîUºïWz UïdJOÅ ø:È“UÖ s:OIK! UïËu!«b|WÄ :ÈñWÖWz ¨†…b|Ëñ p:OìñUë :vî…œ ‰
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 v¶AÖ s:OîUºïWzñ…œ

.4∫:vïdëWÑ:ËdÅ s:OJ:|ñË Wî:u|œ:u< :v"UëñW< ¨v¶<«ñ » vîWÙ ËWz W¶Kî…;ñ :vè…;ñ uë vï«“œ «ËWÇ

 øWî:u|œ:u< :v"UëñW< Ë W| vMO3:Ëñb|UÙ :vî:u|œ:u< :v"Uï:u!ñUë ˛ :vìWJ:O" Wï

.5∫ÊU|ñUOï«“ UM¶fi‹J:|;ñ :v¶<ñU!3NaHCO s:O :̆uî s:|ñUî˛ Ë3NaHCO:v¶<ñU! Ë

COONa3CH s:O :̆uî s:|ñUî˛ ËCOONa3CH  Æ:Èñ…œWMO!

.6∫ÊU|ñUOï«“ UïbïU~ïWfi˘WÙ «d! Ë @ïW<ËUÙ UA:OëËUÙ3NaHCO:u! Èñ:uO" :v"UÙ«œ Ë ¨ WMO!ñUJ!

COONa3CH ÆWJ!ñU|œ ÊUî«dÖ Ë Êü:uî »

.1∫ÊUîUºïWzñ…œ UïdëWÑ:ËdÅ ø…bïWÇ «œ:u8 UJ:OìñUë œ v"UÙ«œ U| ÈœW< «ó:|;ñ

.2∫ ÊUîUºïWzñ…œ UM¶AÙWÖ  :u! Èñ:uO" v"UÙ«œ :ÈñWz2CO«b:|ñUO<dÄ œ v"UÙ :v|dÇ :v|UN! ø…bïWÇ

  uJïUz WMO!ñUJ!1.25 g/L :ÈñU!Wè2COÊËËñ :u8 s:O|ñU|d:Oî˛ Æñ…œWMO! «b:OJ:OìñUë œ ÂWÙñW!

 ÆWJ!

.3∫ÊUîUºïWzñ…œ UïUMO£Nº! ˛ :̧uî bïWÇ3NaHCO UïUMOz ÂWÙñW! :u! W| vÑb:OÄ425 mL2COø

  ÆWJ! ÊËË;ñ :u8 s:O|ñU|d:Oî˛
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ÈñUJO|«;ñ s:OïUAOï

:vA:Oë U|ñUëWÑ:ËdÅ Ë v|UOLOë s:O|ñU|d:Oî˛  UïdJOèU"6

• UOOMO§:O"Â:u|œu< :vïUï:u!ñUë Ë ÂuO¶ïËd¶< :Èb|ñ:uKë «ñW§ÑUïœ vï«Ëœ UM|;ñ:uÙu~J:OÄ UJ:OìñUë

 Æ†Wëœ

•s:OJOMëW" ÆXOMOzœñUë » ÈWî«ñUë » :vA:Oë U|ñUëWÑ:ËdÅ

• :v¶<ñU! ÆXOçOÄ :Èœ ÈËu!«b|WÄ ©U¶Kî…ñ® :v|Ëu¶AOï

•:v¶<ñU! †…œb:|dÖ WçJ:OÄ :vïdJ:OìñUë ÈñW! ÊUO|dJ:OìñUë :v¶<ñU! Ë v"UNJ:OÄ :v|Ëu¶AOï

•:v¶<ñU!XOçOÄœ «œñU|œWï :v¶<W8 :ÈË«dOÖœ vî:u|œ:u< :v"Uï:u!ñUë

†Wëœ vï«Ëœ UM|;ñ:uÙu~J:O! UJ:OìñUë » ÈW¶|uÄ :vA:Oë UO|ñUëWÑ:ËdÅ U| :uNï UïdJOèU" ˜Wz

 Â:uO¶ïËd¶< :Èb|ñ:uKë «ñW§ÑUïœ2SrCl vî:u|œ:u< v"Uï:u!ñUë3CO2NaUJ:OìñUë :Èñ:u3 ˜Wz Ë Æ

s:OîU$Wz UM¶ÑWë X<…œ :u! Ë «b|…Ë«dOÖœ v"Uï:u!ñUë «;d! UïdëñU|œ :u! » X:OÙœñUJ! v¶AÖ »

» ñWÖWz Æv"UNîWÙñW! :v| :u! s|;ñ:uÙuÖ WM:ON! ñU|œWï «;d! s:O|dJJ:OìñUë ËuîWÙ WOÑb:OÄ d|uÙ

«;d! UïdëñU|œ :u! 5MO!ñUJ! v|UOLOë s:O|ñU|d:Oî˛ 5:OÅ :Èœ ¨5çOá! v"UNîWÙñW! :v¶<ñU! Èd|uÙ

UïUçOÄ » 7<W! XAÄ d|uÙ s:OîU$Wz ¨«b:OJ:OìñUëœ Èdë Èñ«bJAÄ :ÈñU|œWï :vO|dJJ:OìñUë

Uë…;d!ñWÙ ˛ XO!«bïUOÅœ ÈbMÙ Ë …e:|ñUá! ÊU|WÅËuÅ U|óèUÄ :ÈbïWÇ :vÑ ñW!˛ÆÈW¶<ñU! U| p:|;ñ

ÆÈWJ! r:Oë XO!œ«bïË :vOO"UNîWÙñW! ÊU| ÈdJ:OìñUë

:u8ñW! WJ! :vÅ:uëñW! Ë :u8 s:OÑUÇñW! WJ! :vM¶<«ñUÄ s:OJÑUÇñW! UÑUÖ vîWÙ

 :u8 s:OJK3 Ë ˜UÇ UM¶<«ñUÄ :u!

Ë :uA! ¨XÑWëW" s:OJK3 Ë ˜UÇñW§Ñ ñWÖWz Ë Æv|UOLOë :vëW|…œœUî ı …œWï X<…œ

ÆWJ!ñ«bÙWÖUz :vÄ v|U¶<:uîUî

ËUï:̨Ë;ñ‰:uÄ



 d:OîUz Ë …œœUî

 Êdë…œUîUz

 ÈñUë UJ:|;ñ

•15 mL :ÈË«dOÖ È3CO2Na ñU|œWï v¶<W8•:vMOï“ñUÄ «“WäUë

•50 mL :ÈË«dOÖ È20.30 M  SrCl•ÈWÅËuÅ UëWJÑuë

• s:|ñWJO!ËËœ250 mL•ñ«œWKÄ UëWJìËuì

• È“«ñW"• :vï«œWçJ:O" :u! ÈWÅËuÅ UëWJAOÅ

• dÖñWJO!• :È“WäUë üUL¶<…œ

•ÈbïUÄ:uìœ UÑUz• pâÑWë

•:vïdJJAÙ UëWïdã• :vM¶A|uÅ UëWAOÅ

.1 ÆÊUïUçOÄ s:OîU$Wz UMOfi:Oçï :u! WMO!ñUJ! v|W¶A8 vÑWz

.2ÆÊËu!óÑUÄœ ñWÖWz :u8 :̈uA! ÈñUë :u! vÑb:OÄ s:O| :vÙW~OèU" s:|dOîUz vîWÙ :vMO!U< Ë ˜Uz »

 Æ:uA! ÈbïUÄ:uìœ UÑUz » Ê«dOîUz ˛ :vëWÇñUÄ ñWÙ vÅUÄ Ë

.3 :u! WJ! p|eï Ë WçOá! :vMOï“ñUÄ «“WäUë :v¶<ñU!0.01 g  ÆWfi:OçM!  «bO|ñUOï«“ :v¶A8 œ Ë

.4 Æ…b:|d~! ©vA:Oë 5ï“ñUÄ ÊU| :vïdJìU"W! » 5ï“ñUÄ ÊU|® X<…œñW! :v| :vMOï“ñUÄ :vÙWÖ“…œ

.5:vë…ñWJO!œ WJ! :v˘UL¶<…œ Ë Wfi:OçM! :È“WäUë üUL¶<…œ ñW< ‰ :È :̨Ë;ñ Ë ‰:uÄ Ë :u8 :vÑUï

 :ÈóèUÄ250 mL :u! WJ! p|e:Oï Ë WçOá! ÈñWJO! Ë :v˘UL¶<…œ :v¶<ñU! Ë ¨«œ0.01 g Æ

.1 vJ|e:Oï15 mL :ÈË«dOÖ3CO2Na:v¶A8œ Wfi:OçM! È…ñU!Wè vÑWz Æñ«œWKÄ UëWëWìuì » WçOá!

 :u! XO! Èdë p|eï :v| «bïUO|ñUOï«“0.5 mL :ÈË«dOÖ Æ3CO2Na:ÈóèUÄ :vë…ñWJO! …ñWJO|Ë;ñ

250 mL Æ…œñ…u:O" ÈbïUÄ:uìœ UÑUz Ë :uA! ñ«œWKÄ UëWìËuì Æ

.225 mL :ÈË«dOÖ s:O|20.30 M SrClË Wfi:OçM! È…ñU!Wè vÑWz Æñ«œWKÄ UëWëWìËuì » WçOá!

 :u! XO! Èdë p|e:Oï0.5 mL :ÈË«dOÖ Æ«bïUO|ñUOï«“ :v¶A8 œ2SrCl:ÈË«dOÖ ‰WÖœ

3CO2Na» ‘U! :vìWJ:O" ÆñU|œ «œ ©√® :Èu:OÅ œ „…ËñWÙ «bOë…ñWJO!œ ©WJ!® WJO|Ë;ñ

 :vëWJâÑWë

.3 Èd|uÙ Ë ÈñUOAÙ »10 mL :ÈË«dOÖ ˛2SrClœ È…ñU!Wè ¨WçOá! ñ«œWKÄUëWëWìËuì »

 :u! WJ! p|e:Oï Ë Wfi:OçM! «bïU|ñUOï«“ :v¶A80.5 mLuë U"WÙ WJ!…ñU!Ëœ :vÑU~M:OÄ :vÑWz Æ

ÆXO¶<…Ëœ«;ñ ¨©W¶Kî…;ñ® È:u¶AOï UïËu!«b|WÄ

 :ÈË«dOÖ :ÈñU!Wè3CO2Na  ñW! WO|dë

 :ÈË«dOÖ :ÈñU!Wè2SrCl  ñW! WO|dë :v|

 :vMOï“ñUÄ «“WäUë :v¶<ñU!

:È“WäUë üUL¶<…œ ‰WÖœ ÈñWJO! :v¶<ñU!

Ëu¶AOï Ë :vMOï“ñUÄ :È“WäUë üUL¶<…œ ‰WÖœ ÈñWJO! s:O¶<ñU!

 ÊUO|ñUOï«“ :v¶A8
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ÊËu!ñUÖ“;ñ Ë ÊdëóèUÄ

ÊU|:ËñWÅU! ˛

 ©ÊUJ|UîñW!®

.4«œñWfi! pÑuë v|ñ«œWÖUz :vìW! ¨«œ :vJÑuë œ WJ! Èb:OÙ vìWJ:O" ¨ÈË:u¶AOï UM¶AOï » ñWÙ

:vM"ËüUÄ «“WäUë Ë ÈWAOÅ «ñW§ÑUïœ XO!«bïË :Èœ È:u¶AOï UëWJAÄ WJïuÇ ¨XOÇWï

:u! ©ÈW¶Kî…ñ® È:u¶AOï U| :Èñ«u8 UïUMOz :u! WMO!ñUJ! ÈWÅËuÅ :vJâÑWë Æ©:vMOï“ñUÄ®

 Æ:vJÑuë

.5:vJÑuë œ WJ! :ÈË«dOÖ ÈËWz Ë ÈbïUÄ:uìœ UÑUz UëWL:Oë » :uA! ÈñWJO! ñW< ‰ vJâÑWë

bïWÇ :vÑWz Æ«œ :vJÑuë œ WJ! vÅUÄ WMOIKA! Ë ÈñWJO! WJ! ÈbïUÄ:uìœ UÑUz UëWL:Oë ¨«œ

©»® :Èu:OÅ œ „…ËñWÙ ÆXO!œ óèUÄ È:u¶AOï ˛ vîUîW" » ñWJO! uë U"WÙ WJ!…ñU!Ëœ «ñU3

 Æ…ñU|œ «œ

.6UÑUz UëWL:Oë » :vMOï“ñUÄ «“WäUë ¨X:OÙœ vÙUîËœ » ©:vMOï“ñUÄ® :vM"ËüUÄ «ñU|dë v¶AÄ

6! ‰WÙ W|«bïUOÅœ s:O| v|Uî s:O|W¶K8 U| :Èñ«u8 UM"UÙ ˛ ÊËu§¶<«;d¶AÄ :u! :uA! ÈbïUÄ:uìœ

 Æ«b:|“WäUë œ

.7üUL¶<…œ ÈœñWz ñW< Wï«œ Ë Wë«;ñ :vJÑuë ñW< ‰ ÈñUOAÙ » ©:vMOï“ñUÄ® vM"ËüUÄ «“WäUë

«“WäUë ‰WÖœ :È“WäUë üUL¶<…œ Ë WëWÑ :vMOï“ñUÄΩ «“WäUë ÆÈdëñW< ‰ :vÑUï «ËWz :È“WäUë

d¶ÅU! s:OîUºïWz uë«œ «b|dJJAÙ Uï;dã œ WJ! Ë «b|ñWJO!œ WJ! œ È:u¶AOï Ë :vMOï“ñUÄ

 Æ©d¶ÅUÄ « :̨Ë;ñ :u!® XO§! pAÙ «œ Uë…d:Oîóî…œ bïWÇ :u! WK:ON! v¶Kî…;ñ vMO!Wç¶<…b!

.8:v¶<ñU! ÆXO§!ñU< WK:ON! Ë ñ…œWMO! :vïdJJAÙ Uï;dã ˛ :u8 UïËu/ ¨WMO!ñUJ! ÈdÖñWJO!

 :u! WJ! p|e:Oï Ë WçOá! «b:O" s:O¶A" » ÈñWJO!0.01 g«bïUO|ñUOï«“ :v¶A8 œ vîU$Wz Ë

 ÆWfi:OçM!

.9:ÈËWz ÆÈdë ÊUAOM¶<…œ ÈU¶<:uîUî «ËWz «bOA:OKÖ UJ˘W< :ÈœñWz œ WJ! ÈW¶˙î…;ñ

 :v|œ :vë…ñWJO! WJ! :v| sÙËñ 5ï“ñUÄ WOO"UÙmL250:vïUîUz ÈË :u! vÅUÄ

Ê«œœUî ˛ :u8 ÆWJ!óèUÄ :vïUMOzñUJ! v¶AÄ Ê«d:OîUz vîWÙ Ë :vÙW~OèU" ÆÈdëñU|œ

:ÈñUë ˛ v¶AÄ :uA! ‘U! :u8 s:O¶<…œ ÈU¶<:uîUî s:O|ULM:|;ñ í|Ëœ ‰ WJ!ñUÖ“;ñ

 ÆÈWJ!ñ…œ :vÙW~OèU" ˛ ÈñW! Ë v!œ ÂUîW" :vÙW~OèU"

  ©√® :Èu:OÅ«ñW§ÑUïœ :vîWÙñW! :u¶AOï

3CO2Na h2SrCl.  W|

  ©»® :Èu:OÅÈbïUÄ:uìœ UÑUz UëWL:Oë » vë…ñWJO!

:u¶AOï uë«œ WJ! ÈñWJO! s:|ñ«u|œ ‰ :vÑUz Æ:uA!

 Æ:vJÑuë W|e:OÙuÖWÑ :vOîWÙ Ë XO!WÑ;d8 ©W¶˙î…;ñ®
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.1∫Ê«ñeÙ UM¶fi‹J:|;ñ:vÖu:OÅ øWOOÇ ©W¶Kî;ñ® :u¶AOï ÆWfi:OçM! :vJ:OìñUë :u! @ïW<ËUÙ UA:OëËUÙ

∫Wfi:OçM! ÈË :v|U"…ñW<

.2∫Ê«ñeÙ UïdJ:OÄñUë:v|:u¶AOï s:Oì:uî «ñUîóÙ Æñ…œWMO! pAÙ ©ÈW¶˙î…;ñ® :v|:u¶AOï :v¶<ñU!

 UÖ;d! s:OîUºïWz ∫vMO§:O"® øÊbïWÇ :vJ:OìñUë ˛ ÈËu!«b|WÄ ©ÈW¶Kî;ñ®8 ©WMO!ñUJ!

.3∫ Ê«ñeÙ UïdJ:OÄñUë ˛ :̧uî bïWÇ3CO2Na œ15 mL   øWïWÙ «b:OïËuLï :ÈË

.4∫ ÊUJ:|;ñ UïbïU~ïWfi˘WÙ0.30 mol s:O|2SrCl s:Oì:uî «ñUîóÙ ÆWïWÙ «b|…Ë«dOÖ Uë…d¶ì œ2SrCl

 ˛ óOë WJ!ñU|œ Æñ…œWMO! ñW< WM|dë s:O|2 SrClË3CO2NaøËu! ñWJ|ñU|œ :v|dJJ:OìñUë

:v|dJJ:OìñUë „…Ë Èœ :vëW|dJJ:OìñUë ñWÖWz XO! v¶ãWëñW< » U| «œ WïdJOèU" ˜Wz :ÈñWz

ÆWJ!ñU|œ :ÈË :ÈñWÖWz øU!UMOzñUJ! ñWJ|ñU|œ

.5∫ ÊUJ:|;ñ UïbïU~ïWfi˘WÙ UÑU~M:OÄ œ s¶ÅËuÅ W"UÙ Ê«ñU3 „WìWÖ ©W¶˙î…;ñ® :u¶AOï vÇ:u!6˛ :È

‰WÖœ s!WÙ :È“WäUë ñW< ‰ XO!œ s:|ËWz ÊbïôW4 WMO"UÙ s¶ìW8 ı ËWz øÈñUë UJ:|;ñ

» :u¶AOï ñWÖWz s"ñUîóÙ WMO"UÙ s:OîUºïWz ñW< ‰ «ËWz WJ!ñU|œ :vOÙ«œu3 ÈËWz øÈ:u¶AOï

 ÆWJ!WÑ:ËdÅ :vç<ñW! ¨U!dëWï pAÙ vîUîW"
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3



 :vJAÄ UïËuÇ«b:OÄ



 ∫†ñuë Uç<ñW!Æ…b! ÈdëñU|œ :vN' s:OÙœ s:|ñUO<dÄ Uç<ñW!

1Æ ø†Wëœ WMOèW¶<«ñ Uë…“UÖ ÊU| v|WïËu/ Uë…“UÖ UH<Ë s:OÙœ s:OM|;d!ñ…œ ÊUÑ ˛ óOë

```````````````````````````````````````````````````Æ√«b:O" ÊUîUz ËWz :Èñ«u|b! ÊU| ¨d¶|œ s:OJìbïW¶! uëU" ¨sçìœ X<«ñ s:OK:ON! :È“UÖ s:OJìuïW"

ÆsÑWJ!

```````````````````````````````````````````````````Æ» ÆW|WÙ ÈUçOÄ Uë…ñU!Wè «“UÖ s:O| ©„U"® Xë s:OJìuïW"

```````````````````````````````````````````````````ÆÃ             ÊU¶<WÄ ÊU| È˛ ÊdëñU< ñWÖWz ¨XO!Uï X<W8 “UÖ

 ÆÊdëW¶:ON! ñWfiì È˛

```````````````````````````````````````````````````ÆœÆWîñWï U| vîUîW¶! Ê«œñWÖ «ñW§ÑUïœ Ê«œ«bJ:OÄ

```````````````````````````````````````````````````ÆÁWïWëœñUë :vïUA:Oë«ñ «e:ON! Ê«Ë ˛ „…bMÙ¨sÇœ d¶|œ s:OJìuïW" p|e:Oï s:|ËWz :È“UÖ s:OJìuïW"

 Æd¶|œ s:Oë…bMÙ ñW<

2Æ ÊdëW¶:OÙœ :È˛ s|;d!ñ…œ ÈñUëdO! UO|bï…u|WÄ :vÑW£! :È“Ë UMOçì uë vï«e! ñWÖWz
2mvKE=∫…b! s:OÙœ s:OÑWz Uç<ñW!

```````````````````````````````````````````````````Æ√ Æ©:vO"«“Wì U|d~:O3 »® XO§!…b:|“ bMÙ «ñU3 :v< W¶<ñU! ñWÖWz ¨X:OÙ :vì ı :Èœ :È“Ë UMOçì «;d!

```````````````````````````````````````````````````Æ»  :vçOï :u!ËuâJ:O" v"«“Wì ñWÖWz bïWÇ W¶O! :Èœ :È“Ë UMOçì

Æ©:vO"«“Wì U|dO~:O3®

```````````````````````````````````````````````````ÆÃÈWëœ vMO§A:OÄ u" ¨XO!WÙ :È“Ë UMOçì «;d! ÊUîWÙ Ë ¨s! «b:OOîñWÖ öÄ ÊUîWÙœ ¨“UÖ ËËœ ñWÖWz

 øs! «ËUÇœ d¶ï“Wî s:|œñWÖ UO"«“Wì

3Æ∫s:OÙœ s:O|…œñU|œ ÊUÑWz ˛ p:Oz ñWÙ UïdëWÑ:ËdÅ :u! ˛ WMO!ñUJ! Ê«œñWÖ UMOçì «“:ËœdO!

Æ√ ÆXO!UÑôW! :ÈñËË˛ X:O|˛uë vîWÙ “WK! :Èœ ËWz ¨ÈñWÄñ…œ «b:|ñËË˛ UçOï :vëWïUîUz ˛ óO" s:ON! Uë…“UÖ ñWÖWz

Æ» ˛ :Èœ ÈË «ñU!Wè ¨XO§! qÅ «œ ÊWJ!dÄ WMOèW¶<«ñ Uë…“UÖ ˛ ‰:uî p:Oz Uî…œ1000 ÆXOÇ p:O" d¶Ä Ê«ñU3

ÆÃd¶|œ s:|ñUë:uÙ vîWÙ ñWÖWz ¨XO!…b:|“ :Èœ «dJ|uâ! UëWïuëœ :ÈË UM|;ñWÄñ…œ UO"«“Wì ¨ÊWëœ ÂñWÖ :vë…“UÖ uëWÙ

 Æs!dO~:O3œ

UJAÄ UïËuÇ«b:OÄ1-4

È…œUî U| ÈœñWÖ UMOçì «“:ËœdO!

 :ÈbïW!4
v|U|eOã s:O"WK8U<

 Ê«“UÖ :u!
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˜Uïñ«ËñW!‰:uÄ
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4ÆvîWÙ uëWÙ ¨ÊWëœñU|œ ñWfiîW3 :v! s:|œñWÖ «ËWz ˛ d¶ï“Wî v|WïËu/ Uë…ñU¶ã…ñ UëWï«œô Ê«“UÖ s:O|ñ«œñWfiîW3 s:|œñWÖ vÇ:u!

ø©ÆÆÆ:vOîñWÖ öÄ ¨ W¶<ñU!® s!dO~:O3œ d¶|œ s:|ñUë:uÙ

5Æ«b:|ñU8 vM:|Ëœ s:|ËWz «b:OOîñWÖ s:OKÄ ËËœñWÙœ WJ§ïËËñ :È“UÖ s:|œñWÖ UO"«“Wì UïdJÅW!«œ s:O|UOîWÇWÑ «ñW§ÑUïœ :vOÙ«œu3

 ∫s|dëñU|œ

T1

T2

2T > 1T

Ê«œñWÖ UO"«“Wì

Ê
«œ

ñ
W
Ö
 
«ñ
U
î
ó
Ù
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UJAÄ UïËuÇ«b:OÄ2 -4

 ÊU¶<WÄ

 :ÈbïW!4
v|U|eOã s:O"WK8U<

 Ê«“UÖ :u!

 ∫ †ñuë Uç<ñW!∫…b! ÈdëñU|œ :vN' s:OÙœ s:|ñUO<dÄ Uç<ñW!

1Æ````````````````````∫ÊU¶<WÄ :Èœ ¨XO!œ …b:|“ ñeÙ «ñU3 :v< ÈËËñ :ÈñW!ËËñ Uî…œ ÆÈËËñ :ÈñW!ËËñ Øe:OÙ Ω ÊU¶<WÄ

Æ√ÆXO!…b:|“ bMÙ ñUº:O<

Æ» ÆvJ:O< u! XO! r:Oë :Èœ

ÆÃ Æs|ñ:uÙuÖ W¶:OÙUï

2Æ````````````````````  ∫WJ!e:|ñ “«dÑWz ˜…ñW! s:OÙœ s:OïU¶<WÄ

Æ√50 kPaÆÃ76 torr

Æ»2 atmÆœ
2100 N/m

.3∫W"W|«œ :v| :Èñ«u8 ‰ :vA8Wï ˜Wz

Æ√ øXO!œ…b:|“ vÙ«bMK! Uî…œ XO!œ r:Oë ÊU¶<WÄ vÇ:u!

Æ» Æ©WïËu/ :u! ©X|Wî® Èdî U|ñ…œ „…Ë® v|U|ñ…œ :v|ñ :v¶<Uz d:|˛ WMÑWëœ :vïUNO' WïWÙ t3 „…bMÙ

ø…bïWÇ :Èd:|Ë ‰ X<Ëñœ UïU¶<WÄ WÅWë «dJ:O"

 ® ÈdJJ|e:Oï UïU¶<WÄkPa© ® :v|U|ñ…œ :v|Ë;ñ :v¶<Uz ˛ vÙ«bMK!km©

0010©:v|U|ñ…œ :v|Ëñ :v¶<Uz®

055.5©È:ËñU$ULOKë :v|UOÇ :v¶îuë®

5211©:vë:Ëdã UOÙ«bMK!®

< 0.122©Ê:Ë“:uz ©U8W"® UMOÇ®
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∫„…ñUO<dÄ bïWÇ ÆWJ§ïËËñ «b|dëñU|œ UOÙôUÑœ :vM¶|œWÑ UJ:|ñ Ë …b! s:OÙœ s:|ñUO<dÄ Uç<ñW!

.4 :vïU¶<WÄ0.200 atm   ∫s:OÙœ s:OëW| :u! …ñ:uÙu~!

```````````````````````````````````````````````````Æ√mm Hg

```````````````````````````````````````````````````Æ»torr

```````````````````````````````````````````````````ÆÃPa

```````````````````````````````````````````````````ÆœPak

.5:v|U|ñ…œ :v¶<U£ì :vïU¶<WÄ U|«dJ:O" ÆÈ…uO3 :v|Ëñ ñW| UïU¶<WÄ ‰WÖœ s|ñ:uÙuÖ W¶:OÙœ Wï«ËW¶<«ñ «b|d"Wî:ËñU! ˜Uïœ È…uO3 UOÙ«bMK!

 W¶O!œ1.0 atm «b|d"Wî:ËñU!œ È…uO3 :v¶<Uz Ë760 mm©ñUBà≈® «b:OëW|WÑ:ËñU!œ ©ÈUèW< UïU¶<WÄ® vÅWë UïU¶<WÄ XO!œ Æ…

 ˛ d¶L:Oë W¶OÙW~!710 mmÆ

```````````````````````````````````````````````````Æ√ ˛ vïU¶<WÄ UïbïU8710 mm :u! …ñ:uN~!atmÆ

```````````````````````````````````````````````````Æ» » Èd"WîËñU! Uïbï«u8mm Hg UïU¶<WÄ d:|óì …bïWÇ0.50 atm ø

ÆÃ øW| vÇW" :v|WÑ:ËdÖ øsMO!ñUJ! :vOÙ«bMK! :u! ñWçOÄ „…Ë ©íOÄ ÊU¶<WÄ® Èd"Wî:ËñU! 5:OÅœ :ÈñWz
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UJAÄ UïËuÇ«b:OÄ 3 -4

È“UÖ s:O|U<U|

 :ÈbïW!4
v|U|eOã s:O"WK8U<

 Ê«“UÖ :u!

 ∫ †ñuë Uç<ñW!∫…b! s:OÙœ s:|ñUO<dÄ Uç<ñW! ÈdëñU|œ :vN3 ‰

1ÆøÊdJî:uë W¶O§"UÙ :vÑUz UM"d~N3 Ë Ê«œô » uë ñ…œWMOMOz pAÙ Uë…“UÖ UïU¶<WÄ WÅW! :Èœ «ËUÇ WJ! ÊËËñ

2Æ UïU¶<WÄ U"WÙ Ê«bçÄ W"UÙ :vëWKJfi|UÄ «d|U"3.8 atm UOOîñWÖ öÄ œ15ºC Æ«œ

Æ√ öÄœ «bÑUïœ :v|U! Ë ÊdJîñWÖ W"UÙ …d|U" ñWÖWz30ºCÊU¶<WÄ :ÈñWz :̈vJ:|ñ ‰WÖœ ©„UJ¶4«® :ÈË UïUOA‹J:Oì :vîU$Wz ˛

  ø©…d~:O3 U| :Èd|U" :ÈñU!Wè uë Wï«œ U<…Ë® øXO! Âeï :Èœ ÊU| XO! bMK! :Èœ

Æ» W¶OÙW~! «œ X:OÙ :vì «ñU3ËËœ :Èœ È˛ ÊU¶<WÄ :ÈñWz ¨bMÙ U3ËËœ W|:u! U| :vOîñWÖ öÄ uë ñW!˛7.6 atm ø

 ∫ „…ñUO<dÄ bïWÇÆWJ!ñU|œ ÈdJïUAOï X<…œ UOÙôUÑœ Ê«Ë U|d:Oî˛ UJ:|ñ ¨…b! s:OÙœ s:|ñUO<dÄ Uç<ñW!

3Æ``````````````````````````````````````````````````` :ÈË :ÈñU!Wè :vë…“UÖ UïËu/24 L:ÈË UïU¶<WÄ UïdJ:O"ñUë3.0 atm:vOîñWÖ öÄ Ë W¶<ñU!®

 W¶O! :ÈË :ÈñU!Wè ñWÖWz Æ©Êd:O~:O3œ16 L øbïWÇ W¶O! :Èœ :ÈË UïU¶<WÄ UO|ñW~|ñUë

4Æ```````````````````````````````````````````````````
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ÊU¶<WÄ WO"UÙ Ë«ñu:O¶<WÄ «“UÖ :vîW¶fiO< ˚|:u! U|U<U| UMOì:uëWÑ :u! ˛ ÊUÙW~OèU" ˛ p:Oz ˛

s:OA:Oë UïdJ:O¶! ÊdJMO!«œ W¶:OÙœ ÊU¶<WÄ Ë ÆÊUMOzñUJ! W¶:OÙœ «b:OëWáîWÄ œ ©Èbï«bÅ®

v|WMOâM! «“UÖ :ÈñU!Wè ñWÖWz UºÑWz Æ:ÈË UïUM:Ozñ…œ ÊU| :váîWÄ :u! ÊUfiëW|50 mLËu!

s:O|W¶<ñU! ñUÇ uëWÙ WJ! :È“UÖ :v| Èuï :ÈñU!Wè UOMO§A:OÄ Æs!WÙ :váîWÄ ñWfiì W¶<ñU! ËËœ Uî…œ

ÆÊWëœ…b:|“ :váîWÄ ñWfiì d¶|œ



```````````````````````````````````````````````````Æ» øX<«ñ UëWK:OÙ ñW< WMÑWëœ ¸U8 ËWz :ÈñWz

```````````````````````````````````````````````````ÆÃÈWëñU|œ :vÑUz U| ÈdJJ|e:Oï UïU¶<WÄ WÅW! :v|UN! «œ ¨…b:|dÖ ÈdëWM:|Ë :v|UOîWÇ Wç! :u8 U¶AÄ

 UOOîñWÖ öÄœ11ºC Æ«œ

6Æ uë…Ë :vë…œUî uëWÙTNTUïU¶<WÄ ©√® «“UÖ :uë Wï«œ U<…Ë Æ©bMK!® «œ“ñW! UOîñWÖ UëW|WKÄœ XO!œ«b|WÄ Ê«“UÖ :vëWìWJ:O" ¨XOèWÄœ

 :ÈË50 atm ©»® «“UÖË ¨20 atm ©Ã® «“UÖ Ë10 atmÆ

```````````````````````````````````````````````````Æ√ø…bïWÇ vîW¶fiO< vÑWz U| v¶AÖ UïU¶<WÄ

```````````````````````````````````````````````````Æ» v¶AÖ UïU¶<WÄ ¨XO!œ ‰WJ:O" ÈU! ‰WÖœ Ê«“UÖ :vëWìWJ:O" uëWÙtotalP:u! ñU8 W¶:OÙ :Èœ “WK!

2 atm:vOîñWÖ öÄ Ë W¶<ñU! uë WïœU<…Ë® XO!œ…b:|“ WJì:uë ı » ÈW˘WJ:O" :ÈñU!Wè Æ

  Æ©Êd~:O3œ

7Æ``````````````````````````````````````````````````` :ÈË :ÈñU!Wè :vë…“UÖ UïËu/250. mL UOîñWÖöÄœ Ëu!57ºCöÄœ X|dÖœWÑ …“UÖ :ÈË :ÈñU!Wè Æ«œ

25ºC ø…bïWÇ «œ
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5ÆÆ√öÄ ñW§î«ñW! :̈vÑUz U*WÙ UïU¶<WÄ WÅW! :v|UOîWÇWÑ UïdëWM:|Ë :u! ˛ WMO!ñUJ! X:OÙœ :v¶A8 ©s:O| Ê«œ WMO"UÙ s:|ËWz® s:|Ë«ñœ

Æ:ÈñU) :ÈËWz :vïdJï:Ëñ :v|WM:|Ë ñWfiì :vOîñWÖ



 ∫ †ñuë Uç<ñW!Æ…b! s:OÙœ s:|ñUO<dÄ Uç<ñW! ÈdëñU|œ :vN'

1Æ Ω ÊU¶<WÄ ∫:vA:OëËUÙ :vÑW£! ÊWJ! :vïU¶<WÄ ˛ :vM|;d!ñ…œ XO!œ

`````````````````````````````````````````````````````Æ√ øX:OÙ :vì ı ÊU¶<WÄ :Èœ ÈñW!ËËñ U|dO~:O3 Ë :Èe:OÙ Uïdë…b:|e!

`````````````````````````````````````````````````````Æ» øX:OÙ :vì ı ÊU¶<WÄ :Èœ :Èe:OÙ U|dO~:O3 Ë ÈñW!ËËñ Uïdë…b:|e!

````````````````````````````````````````````````````ÆÃ øX:OÙ :vì ı :Èœ e:OÙ :vïU¶<WÄ UM"ñ:uÙuÖWï Ë ÈñW!ËËñ Uïdë…b:|e!

2ÆøÊ«Ë Uï«œñW! ÈñW! Ê«bçÄ W¶:OÙœ :È˛ „WÅW! ¨sMOzœñUJ! UOÙ«bMK! :u! s:|ËWz :v¶fiï«“ s:OMOì:uëWÑ s:Oï:u˘U! vÇ:u!

3Æ:vë…“UÖ UïdJîñWÖ Uî…œ «bO"dÖ :vëWïUîUz ˜Uïœ :vïU¶<WÄ ©bMK!® UïËu!…“ñW! UïdëWÑ«;ñ :u!˛ ¨WMO!ñUJ! ÈœñWÖ UMOçì «“:ËœdO!

 Æ«bÑUïœ

 ∫ „…ñUO<dÄ bïWÇÆWJ!ñU|œ «œ ÈdJïUAOM¶<…œ UOÙôUÑœ :v|ñU|d:Oî˛ UJ:|ñ Ë …b! s:OÙœ s:|ñUO<dÄ Uç<ñW!

4Æ``````````````````````````````````````````````````` UOîñWÖ öÄœ :vÑUz ©«ñU8 WM"UÙ® Uï«œô » ÊdJî:uë W"UÙ Èñ:uKë «“UÖ ˛ „WïËu/23ºCÆ«œ

 ©ÈUèW<® vÅWë UïU¶<WÄ ñWÖWz751 torr ø…bïWÇ Èñu˙ë UïU¶<WÄ WÅW! ¨XO!

5Æ``````````````````````````````````````````````````` :ÈñU!Wè «b:OëWï:u˘U!œ Â:uOKOÙ «“UÖ2.40 L UOOîñWÖ öÄœ X|dÖœWÑ400 K:ÈË :ÈñU!Wè :Èœ Æ«œ

 UOOîñWÖ öÄœ bïWÇ W¶O!300 K ø«œ

ñ:u3 WîWÙ UïËuÇ«b:OÄ

 :ÈbïW!4
v|U|eOã s:O"WK8U<

 Ê«“UÖ :u!
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ÈñW!ËËñ

e:OÙ



6Æ```````````````````````````````````````````````````Æ√ :ÈË :ÈñU!Wè †UÙ p:OÄ ÈU! UëWëWAOèWÄ «b:OÑUz Uë…;ñWÖ :vM!œ2.0 mL:Èd:|uì È˛ ÊU¶<WÄ Ëu!

3.0 atmU<…Ë ñWÖWz ÆXO!œ r:Oë ñWfiì ÊU¶<WÄ XO§!bMK! ÈU! UJAOèWÄ bïWÇ ñWÙ ÆËu!

X:OÙ :vì ı :Èœ :vJAOèWÄ :ÈñU!Wè ÈWëœ vMOA:OÄ u" :ÈñWz ¨…;ñ:uÖWï :vOîñWÖ öÄ uë sMOï«œ

 øXO!œ bMK! Uî…œ

``````````````````````````````````````````````````` Æ»Ä :Èd:|uì ÊU¶<WÄ uë :vÑUz :v|Ëñ ñW< W¶OÙWÖœ uëWÙ WJ! vJAOèWÄ :ÈñU!Wè UOMO§A:O1.0 atm Æ

7Æ¨W¶O!œ «œ vK"u! ˜Uïœ vïWîW"Ëu< :vìWJ:O" :ÈñU!Wè ¨«b:OëWK:O§î:Ëd" UMOëWîœ f§Jî ©ÈWáîWÄ® UM|dÑ“ U| ÈdëñU|œ UëWìU8œ

3400 cm :vïU¶<WÄ d:|óì1.0 atm UOîñWÖ öÄœ Ë27ºC Æ«œ

```````````````````````````````````````````````````Æ√ W¶OÙWÖœ :vOîñWÖ öÄ ¨ÊdëW¶:OÙœ ÈWáîWÄ ñWfiì ÊU¶<WÄ uëWÙ77ºCuëU" XOÇœ p:O" …ñU!Wè Ë

350 cm ø…bïWÇ Èuï UïU¶<WÄ

```````````````````````````````````````````````````Æ»öÄ ÈWëœ 5§A:OÄu" ¨X|˛u<œ vïWîW"Ëu< :vìWJ:O" :vïdJìWÙ :v|«dÇ ¨ÈWáîWÄ UM¶ÅUçÖ ‘UÄ

 øX:OÙ :vì ı :Èœ :vOîñWÖ

```````````````````````````````````````````````````ÆÃ øX:OÙ :vì ı :Èœ :È“UÖ :ÈñU!Wè ÈWëœ vMO§A:OÄ u"

8Æ``````````````````````````````````````````````````` W¶OÙWÖœ :vOîñWÖ öÄ Uî…œ Ë ¨«b:OïU¶fiÑ“œ UîñW< UëW|…b:Oáfiì–13ºC«d|U" ˜Uïœ ÈU! UïU¶<WÄ

 W¶OÙWÖœ «b:OëWK:O§î:Ëd"1.5 atmU" XO§! ÂñWÖ …d|U" ñWÖWz ¨…d~:O3 :v|…ñU!Wè uë s:Oï«œ U<…Ë ñWÖWz

13ºC øbïWÇ W¶O! :Èœ ÊU¶<WÄ
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 s:|“UÖ ËœñWÙ U|;dÇ vÇ:u!X ËY  øWï«œu3 p:|˛ Ê«Ë U| vì:uî :v¶<ñU! uë :ÈbMÙ ‰WÖœ ¨sÑWÙ „…Ë

```````````````````````````````````````````````````ÆÃ «“UÖ U| vì:uî U¶<ñU!Y Æñ…œWMO!

6Æ```````````````````````````````````````````````````Æ√ ÊUßOî «“UÖ s:Oì:uî «ñUîóÙ4CH    W¶<ñU! UëW|WïËu/œ s:|ËWz ¨4.0 g ø…bïWÇ s|WÙ «b|

```````````````````````````````````````````````````Æ» ® Èñ:u¶! ÊU¶<WÄ ËWztorr «“UÖ UëW|WïËu/ :uë ©4CHUOîñWÖ öÄ ñWÖWz ñ…œWMO! †Wëœ«b|WÄ

 ÈË27ºC :ÈË :ÈñU!Wè Ë3000. mL ÆXO!

7Æ``````````````````````````````````````````````````` :ÈË :ÈñU!Wè Ê:uÖñWz «“UÖ UëW|WïËu/7.00 L        UOîñWÖ öÄœ Ëu!420. K«b|WÄ vëWïU¶<WÄ Ë «œ

 uë †Wëœ625 k Pa :ÈñU!Wè U" Êdë W"UÙ :È“UÖ ñWfiì ÊU¶<WÄ ñWÖWz ÆËu!1.25 L:vOîñWÖ öÄ Ë

 uë UïËu§îeï350. K øXO! bïWÇ :Èœ Èuï UïU¶<WÄ :ÈñWz
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 ∫ †ñuë Uç<ñW!∫…b! s:OÙœ s:|ñUO<dÄ Uç<ñW! ÈdëñU|œ :vN'

1Æ````````````````````s:O| v|…ñUîóÙ s:O|…ó:|d! ÊdëW¶:ON! «bO|UOLOë UJ:OìñUëœ È“UÖ s:O"UNîWÙñW! œ ÈdJJ:OìñUë s|…ñU!Wè ˛ s|;d!ñ…œ XO!œ

 ÆñWÖWz …œU<

Æ√Æs!“UÖ vîWÙ v"UNîWÙñW! Ë ÈdJJ:OìñUë

Æ»Æs!d~:O3œ v|Wï«u:OÄ :vïU¶<WÄ Ë :vîñWÖ öÄ

ÆÃÆdO~:O3œ WÑWMMO0 ÊU¶<WÄ Ë :vîñWÖ öÄ

Æœ «;d! » W¶<ñU! vîWÙ1 mol Æs!

2Æ````````````````````  UJ:OìñUë œ)gO(22H→)g(2O+)g(22H :ÈñU!Wè U|…ó:|ñ ¨«œ2H :ÈñU!Wè :u!O2H  ∫W¶O!œ

Æ√1:1ÆÃ4:3

Æ»2:1Æœ4:6

3Æ∫WO:|ñU) UÑWz ©†WëœñU|œ® XOM:|uïœ :ÈË U| vîUîW¶! UM"Ëu< UA:OëËUÙ ËWz ÆWOOìuNë :vOïWîW"Ëu< s:OO"UNJ:OÄ ˛ p:Oz ¨‰:uïUßOz

)lO(2) + 3Hg(2 2CO→)g(2Ox+)gO(6H2C

```````````````````````````````````````````````````Æ√ :v|UN!x ÆÊdëW¶O§"UÙ @ïW<ËUÙ U| X<Ëñœ vë…u:OA! WA:OëËUÙ Uî…œ …bïWÇ

```````````````````````````````````````````````````Æ» :ÈñU!Wè ∫…d¶ï“Wî óOë2O :ÈñU!Wè ÊU| ÈdëñUë U|2COuë Wï«œ U<…Ë øw"UNîWÙñW! U|

©Wï«œñU! ÊUîWÙ d:|óì wîWÙ w"UNîWÙñW! Ë ÈdJJ:OìñUë

4Æ  ∫†…œœ :ÈËñ «œ ÂñWï :vëWïUîUzœ X:OÙœ UJ:OìñUë ˜Wz

)g 2HI(→)g(2I+)g(2H

  ø†…b! ÈËñ p:OìñUë Uî…œ ¨X:O! :vì ı …ñU!Wè ÈWëœ vMO§A:OÄ ÆXOMOîœ dO~:O3 ÊU¶<WÄ Ë :vîñWÖ öÄ ¨«b:OJ:OìñUë :vÑWzœ :vî…œ

 ÆWJ!WÑ:ËdÅ :vç<ñW!

UJAÄ UïËuÇ«b:OÄ 3 - 5

Ê«“UÖ :u! v|UOLOë s:O|ñU|d:Oî˛

 :ÈbïW!5
ÈœñWÖ UïUMO£J:OÄ

 Ê«“UÖ U|
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 ∫ í<ñW! W"ñuë ÆWJ!ñU|œ «b"W§|U" s:OOÙüUÑœ :u8 :ÈñUë Ë ¨…b! s:OÙœ s:|ñUO<dÄ Uç<ñW!

5Æ uëWÙ4H3C ® Û ¨ » œSTP ¨s"Ëu< W¶:OÙœ «œ ©5.6 L˛4H3C ÆX:OÙœ UA:OëËUÙ í|Ëbì XOÑWëœñUë ˛

)lO(2) + 2Hg(2 3CO→)g(24O+)g(4H3C

```````````````````````````````````````````````````Æ√ s:Oì:uî «ñUîóÙ4H3C øÊbïWÇ ÈdJJ:OìñUë s:O|

```````````````````````````````````````````````````Æ» s:Oì:uî «ñUîóÙ2O s:Oì:uî «ñUîóÙ Ë øÊbïWÇ v¶ãWëñUë ˛ s:O|2CO hO2Hv"UNîWÙñW! s:O|

  øÊbïWÇ

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

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

```````````````````````````````````````````````````ÆÃ s:O| Â«dÖ bïWÇ4H3CøWMO¶ãWëñUë ˛

```````````````````````````````````````````````````Æœ s:O| d¶:Oì bïWÇ2CO øWïËu!«b|WÄ

```````````````````````````````````````````````````ÆÁ s:Oî«dÖ bïWÇO2H øWïËu!«b|WÄ

6Æ``````````````````````````````````````````````````` :vï:Ë“:uz s:|œñWÖ bMK! s:O| ©ÈUèW<® vÅWë s:OMOâì X:OÅœ ñ:uKë3O5:OÅœ Ë ÆXOMOÅ…u§˘WÙ p:Oì

 ∫s|WJ!ñU|œ :vA:OëËUÙ :vÑWz » :vJ:OìñUë

)g(2) + 2Og 2ClO(→)g(32O+)g(2Cl

 öÄœ sÅ…uìWN! p:Oì XO!œ vï:Ë“:uz s:|d¶:Oì bïWÇ220. K Ë5.0 k Pa ñWÖWz «œ200.0 g  Ê:Ë“:uz ‰WÖœ :vJ:OìñUë Èñ:uKë «“UÖ ˛

 øÊWJ!
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 ∫†ñuë Uç<ñW!∫…b! s:OÙœ s:|ñUO<dÄ Uç<ñW! ÈdJïUAOM¶<…œ :vN'

1Æ```````````````````````````````````````````````````“UÖ vîWÙ uë Wï«œ U<…Ë® WJ!e:|ñ Ê«Ë UM|ñWÄñ…œ UO"«“Wì í|Ëbì ÈñËË˛ ˜…ñW! s:OÙœ s:|“UÖ ˜Wz

 Æ©Wï«b:OîñWÖ öÄ Ë ÊU¶<WÄ :ÈñU! ÊUîWÙœ

Æ√HeÆ»XeÆÃHClÆœ2Cl

2Æ````````````````````:uë ÈWëœ 5§A:OÄ u" :vìU8 óOë pï ‰ ÆX:OÙœ :Èu:OÅœ ¨ñËË˛ WM:OÙœ :v|ñ:u! s:|ñW< ËœñWÙ ˛ «bî…œ ÊUîWÙœ “UÖ ËËœ

 ø6! ‰WJ:O" “UÖ ËœñWÙ

3Æ```````````````````` U3Ëœ :vÖ…ñ s:OÅœ «bîUÙ«dÖ UA:OëËUÙœ````````````````` Æs|ñ:uÙuÖ W¶:ON! vì:uî U¶<ñU! :v|U3ËËœ :vÖ…ñ »

Æ√  :È“UÖ U|dÇÆÃ ©7ÅUçÖ® :vïU¶<WÄ

Æ»   vì:uî :ÈñU!WèÆœ  Ê«“UÖ :Èd~:O3

4Æ```````````````````` ® s:|“UÖ Ëœ U| vì:uî U|W¶<ñU! «ó:|ñ ˛ :vM|d!ñ…œ XO!œA ¨BUL:OÙ » «b:OîñWÖ öÄ Ë ÊU¶<WÄ :ÈñU! ÊUîWÙœ ¨ÊWJ! ©

r s:|œñWÖ UO"«“Wì «dJ:O" «ó:|ñ ÆA s:|œñWÖ UO"«“Wì «;dJ:O" :u!B ø…bïWÇ

Æ√rÆœr–
1

Æ»
2rÆÁ

2)r–
1(

ÆÃr
–

√ÆËr–
1–
–

√

UJAÄ UïËuÇ«b:OÄ 4 - 5

ÊËu§Ñx! Ë s|;ñWÄñ…œ

 :ÈbïW!5
:u! ÈœñWÖ UïUMO£J:OÄ

 Ê«“UÖ

H2S(g)SO2(g)
©√®©»®©Ã®
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5Æ® «ñUO<dÄœ 5"ñ«ó§ìWÙ W" s:|“UÖ Ê«ËWz Uïdëe:|ñ :u! ©†Wº:OÙ® vë…ËW<UÄ1:u! ˛ WMO! ÈœñWÖ UMOçì «“:ËœdO! ˛ ÈUHî Ë ÆWMO! «œ ©

 Æ:u8 UïdëWÑ:ËdÅ UOïUÑW¶AÄ

 ∫„…ñUO<dÄ bïWÇÆWJ!ñU|œ «b"W§|U" UOÙôUÑœ :u8 :ÈñUë Ë ¨…b! s:OÙœ s:|ñUO<dÄ Uç<ñW!

6Æ```````````````````````````````````````````````````UM|ñWÄñ…œ UJ:|ñUâ! ¨X|;ñWÄñ…œ «dJ|uâ! UëWï:uëœ ¨ñU|œWï U¶<ñU! Wì:uî Uë…“UÖ uë ÊdëW"UÙ vMO§:O"

 ø…bïWÇ :È“UÖ :ÈËWz U| vì:uî U¶<ñU! Æ53:Ëñb|UÙ

7Æ```````````````````````````````````````````````````    Æ√ s:O| vì:uî s:O|W¶<ñU!He ËHCL p:Oz í|Ëbì4.0g/mol Ë36.46g/mol U|W¶<ñU! «ó:|ñHe:u!

 U|W¶<ñU!HCL øvJ:OÙ…œ UïU8 p:Oz :u! XO!dë p|e:Oï ¨…bïWÇ

```````````````````````````````````````````````````Æ» Æ«bï«Ë UO"«“Wì «dJ:O" «ñW§ÑUïœ «ó:|ñ UM¶|œWÑ :u!˛ WMO!ñUJ! ©√® UIì Uç<ñW!

```````````````````````````````````````````````````ÆÃ Â:uOKOÙ UO"«“Wì «dJ:O" ñWÖWz1200 m/s UO"«“Wì «dJ:O" ¨HCL ø…bïWÇ

8Æ``````````````````````````````````````````````````` UO"«“WK! «d:OëWï:uëœ ñU|œWï Uë…“UÖ3.16:ÈËWz :u! vì:uî U¶<ñU! ÆX|ñWÄœñ…œ Ê:uOï «“UÖ ˛ d¶L:Oë Ê«ñU3

 Æ©WJ!ñU|œ® …“:Ëb! ñU|œWï «“UÖ
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 ∫ †ñuë Uç<ñW!∫…b! s:OÙœ s:|ñUO<dÄ Uç<ñW! ÈdJïUAOM¶<…œ :vN'

1Æ````````````````````Æ‰WÖœ W|…ó:|ñËUÙ Wï«ËW¶<«ñ :È“UÖ Uë…œñWÖ U|«“Wì U|«dJ:O"

Æ√ ÈœñWÖ U|ñ«œñWfiîW3ÆÃ :È“UÖ UOîñWÖ öÄ

Æ» :È“UÖ UïU¶<WÄÆœÆ«b:OïËu/ œ Êô:uî «ñUîóÙ

2Æ```````````````````` ø«b:OîñWÖ öÄ ÊUîWÙ œ †Wëœ Ê«“UÖ ËËœ :u! ÂUÙ«dÖ U|U<U| ˛ :vM|d!ñ…œ …d¶ÅU! :vëW|…u:OA! s:OÙœ s:|˛«ËW¶<…œ ˛ óOë

Æ√ÆÊ«Ë UO"«“Wì ‰WÖœ s!œ …ó:|ñËUÙ ©È˛UÑËñW!® Wï«ËWâ:OÄ vì:uî s:O|W¶<ñU!

Æ»ÆÊ«Ë UO"«“Wì ‰WÖœ s|;ñ:uÙ:uÖ W¶:OÙœ Wï«ËW¶<«ñ vì:uî s:O|W¶<ñU!

ÆÃ ÆÊ«Ë UO"«“Wì s:O|U3ËËœ s:OÖ…;ñ ‰WÖœ s!œ ó:|ñËUÙ Wï«ËWâ:OÄ vì:uî s:O|W¶<ñU!

ÆœÆÊ«Ë UO"«“Wì ‰WÖœ Wï…ó:|ñËUÙ Wï«ËWâ:OÄ vì:uî s:O|W¶<ñU! s:O|U3ËËœ s:OÖ…ñ

3ÆÆX:OÙœ p:OÄ :u8 s:OL8u" ˛ :Èñ«u8 ‰ UA:OëËUÙ í|Ëbì ˜Uz

)lO(2 2H→)g(2O+)g(22H

```````````````````````````````````````````````````Æ√ :v|…ñU!Wè ∫…d¶ï“Wî Ê«Ë óOë2H :v|…ñU!Wè ÊU| ¨ÈdëñUë U|2O ø

```````````````````````````````````````````````````Æ» :v|W¶<ñU! ∫…d¶ï“Wî Ê«Ë óOë2H :v|W¶<ñU! ÊU| ¨ÈdëñUë U|2O øÈdëñUë U|

4Æ ÈË :ÈñU!Wè W|WÙ v|WïËu/ «“UÖ ˛ „WïËu/ W"2.24 L ® Û ¨» œ …STP Æ«œ©

```````````````````````````````````````````````````Æ√ øWïWÙ «b:OïËu/œ ‰:uî bïWÇ

```````````````````````````````````````````````````Æ» øÊbïWÇ «b:OïËu/œ Ê«œñWÖ «ñUîóÙ

 ∫ „…ñUO<dÄ bïWÇÆWJ!ñU|œ «b"W§|U" UOÙüUÑœ :u8 :ÈñUë Ë ¨…b! s:OÙœ s:|ñUO<dÄ Uç<ñW!

5Æ``````````````````````````````````````````````````` :ÈñU!Wè3.5 mol UOîñWÖ öÄœ ©ñ…œWMO!® …“:Ëb! v|WïËu/ Uë…“UÖ s:O|24ºC UïU¶<WÄ Ë760 torr«œ

6Æ`̀ `̀ `̀ `̀ `̀ `̀ `̀ `̀ `̀ `̀ `̀ `̀ `̀ `̀ `̀ `̀ `̀ `̀ `̀ `̀ `̀ `̀ `̀ `̀ `̀ ` :ÈË U|;dÇ :uë …bïWÇ :vë…“UÖ U| vì:uî U¶<ñU!2.68 g/L ® Û Æ» œ X:O!STPø«œ ©

ñ:u3 WîWÙ UëWïËuÇ«b:OÄ

 :ÈbïW!5
:u! ÈœñWÖ UïUMO£J:OÄ

 Ê«“UÖ
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7Æ :ÈË :ÈW¶<ñU! 5ºfië:uz «“UÖ ˛ „W|WïËu/8.00 :ÈË UMOìWë öÄ Ë ¨–183ºCÆ

```````````````````````````````````````````````````Æ√ø…bïWÇ sçìWë » :ÈË UMOìWë öÄ

```````````````````````````````````````````````````Æ» ø…bïWÇ ÈË U|W¶<ñU! Wì:uî Ë 5ºfië:uz :vÖu:OÅ

```````````````````````````````````````````````````ÆÃ øÊbïWÇ «b:O|WïËu/ :vÑWzœ 5ºfië:uz s:Oì:uî «ñUîóÙ

```````````````````````````````````````````````````Æœ …ñU!Wè :vëWAOÅœ …dë ñWÖWz ¨…bïWÇ †Wëœ«b|WÄ W|WïËu/ ˜Wz UïU¶<WÄ ËWz8.21 LöÄ «œ

 UOîñWÖ77ºCø«œ

8Æ ∫X:OÙœ U|WA:OëËUÙ í|Ëbì ÆÊWëœ…œUîUz ÂuOMîWìWz ‰WÖœ p|ñ:uKë:Ëñb|UÙ :vÅd" UJ:OìñUë ˛ :vÙW~OèU¶ì 53:Ëñb|UÙ «“UÖ

)g(2) + 3Haq(3 2AlCl→)aq6HCl(+)s2Al(

```````````````````````````````````````````````````Æ√ :ÈñU!Wè2H UOîñWÖ öÄœ v"UNJ:OÄ U|20.0ºC :vïU¶<WÄ Ë750. torr uëWÙ …bïWÇ «œ9.00 g

 øÈñW< U|WA:OëËUÙ í|Ëbì †Wëœ :vJ:OìñUë Â:uOMîWìWz ˛

```````````````````````````````````````````````````Æ»…“:Ëb! pAÙ «“UÖ :ÈñU!Wè d¶|œ Uë…ñU3 ÆÊdJî:uë W¶:OÙœ :vÑUz Uï«œ öÄ 53:Ëñb|UÙ «“UÖ

Æ«b:OJ:OìñUë UOîñWÖ öÄœ ¨XO!WÙ :vÑUz U*WÙ UïU¶<WÄ WÅW§ì ÁWÖUz W" ¨©ñ…œWMO!®
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`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

`````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````
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```````````````````````````````````````````````````````````````````````````````ÆÃÆÈœñWÖ s:OÅW!ËUÙ s:O| ‚…ñ s:OïW"

```````````````````````````````````````````````````````````````````````````````ÆœÆv|«eïUë s:O| ‚…;ñ s:OïW"

3Æ:Èœ Æ«b:Oëd! :vM!œ Ëu! ÂËuIïWÇñUÄ ÆÈUOìW4 ©:vLAèñuè® :v�U�ñ Èó" UëWëd!œ W¶:OÑUÙ ¨‚…ñ ©:vLAèñuè® :v�U�ñ UëWÇñUÄ

øÈUOìW4 ©:vLAèñuè® :v�U�ñ ‰WÖœñË«ñW! ‚…ñ ©:vLAèñuè® :v�U�ñ ñU|;dÇ ñËbì XO!œñU|œ ı W" u!

4Æ∫s$uÖœ s:OÙœ s:O"WK8U< ‰WÖœ «ËWz WJ!ñU|œ ©‚…ñ ÊU| qÅ® È…œUî :ÈñU!

```````````````````````````````````````````````````Æ√Æ†WJ! vM¶ÅUçÖ U|dÖñW! d¶Ä :v|

```````````````````````````````````````````````````Æ»Æ«ñW!ËñË…œ s:|bï…ËUï ˜Uïœ ˜üW!ñW! d¶Ä :v|

```````````````````````````````````````````````````ÆÃÆWM|dJïUAOM¶<…œ œ …u:OÅ Ë …ñU!Wè

```````````````````````````````````````````````````Æœ ÆÊ“ñWìœ «œu8 :vN3œ ÊU| ÊdÑ“œ ÈË s:|œñWÖ

UJAÄ UïËuÇ«b:OÄ 2 - 6

‚…ñ s:|œœUî

 :ÈbïW!6
‚…ñ s:|œœUî Ë qÅ
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5ÆÆWJ!WÑËdÅ s:OÙœ s:OÑWz ˛ p:Oz ñWÙ

Æ√ÆÈ;ñ:u" s:O| ‚…;ñ s:OïW" U|d¶Ä È˛UÑËñW! ¨sMOÙWÖœ ‘U! :v!…ñUë ‚…ñ s:O|«eïUë

Æ»ÆÊU! «bKÅ :ÈñU!œ ñWÖWz :ÈË ˛ …d¶Ä Ê«Ë U|;dÇ ‚…;ñ s:OïW" vîWÙ WJ|e:Oï

ÆÃÆWMOï ÈdëñU|œ U| :vïUOìW4 UëWìU8 ¨Èñ:uK!œWï s:O| ‚…ñ s:OïW"

6Æ UïbïôW4 :u!1 mol vÑb:OÄ uë ÊWëœñU|œ ÊdJOèU" ¨«b:OïUOìW4 öÄœ :̈ÈdãW! ˛6.0 kJ UïUOìW4 :u! :vìW! ÆWM:OîñWÖ «“Ë s:O|1 mol

 ÊUßOî ˛4CH vÑb:OÄ :vM¶! «b:|Ë UïUOìW4 öÄœ0.6 J ø:vïUßOî UïbïôW4 :u! …d¶L:Oë ñ:Ë“ Uë…“Ë vÑb:OÄ vÇ:u! ÆW|WÙ :È“Ë s|
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 ∫†ñuë Uç<ñW!Æ…b! s:OÙœ s:|ñUO<dÄ Uç<ñW! ÈdëñU|œ :vN'

1Æ∫W|WÙ :ÈñU) :v~ïW<ËUÙ :vîW¶fiO< W"

P v"UNîWÙñW!®
←→R ©ËËœdJJ:OìñUë®

ÆdJ:Oì Wï«ËWâ:OÄ vJ:OìñUë Uï«b|Ëñ U|ËË“…ñUz :vO~ïW<ËUÙ ñWfiì ñW~:|ñUë s:|ñUë:uÙ ñWfiì s|;ñ:uÙuÖ

Æ√øX:OÙ :vì ı :Èœ U|ËœdJJOìñUë UO¶<W8

»Æ øX:OÙ :vì ı :Èœ UO"UNîWÙñW! UO¶<W8

2Æ ÊUßOî UïbïUL˘WÙ UOîñWÖ Wì:uî4CH8.19 kJ/mol :vÑUz UïbïU*WÙ :u! Ë W‡40.79 kJ/mol ÆW‡

```````````````````````````````````````````````````Æ√ ñWÖWz
2310*2.0 :vKÅ ˛ œñWÖ4CHø:ÈbïWÇ :ÈËWz :u! WOOÑb:OÄ vîñWÖ bïWÇ ¨rìWÙ :u!

ÆWJ! ÊËËñ :u8 :ÈñUë vîWÙ

```````````````````````````````````````````````````Æ» X|dãœ d¶Ä Ê«Ë óOë ¨UïbïU*WÙ UOîñWÖW :̆uî ñWfiì v¶AáìUÄ4CHÊU|O2Hø

```````````````````````````````````````````````````ÆÃ …ñ«œñWfiîW3 d¶Ä œñWÖ óOë4CHÊU|O2Hø

3Æ Æ5fiOçï W¶:OÙœ :ÈñU) „…Ë «b:OMOìWë :ÈñU!œ Ë :vO~ïW<ËUÙ Uî…œ v¶AÖ UJ:OìñUë

 ® “UÖG ©
←→fl ©qÅ® ´ :vOîñWÖ «“ËL

ø©Wï«ËWâ:OÄ® WMOÅUÄ UJ:OìñUë ÊU| ©Wï«ËW¶<«ñ® WMOA:OÄ UJ:OìñUë Uï«b|Ëñ ∫…d"bïW<WÄ Ê«Ë óOë ¨«bM:OÙœ s:|ñU!˛ p:Oz ñWÙœ

```````````````````````````````````````````````````Æ√ÆXO§!…b:|“ vîW¶fiO< UOîñWÖ öÄ

```````````````````````````````````````````````````Æ»ÆvîW¶fiO< ñW< WïWJ! :v*WÙ s:|œñWÖ

```````````````````````````````````````````````````ÆÃÆXO§! …b:|“ vîW¶fiO< UïU¶<WÄ

4Æ ÆXOÑWëœ ÈdÖUz ñWfiì «b|dëWÑ :vëWïUîUzœ ÈWÙ U| ˜Uz W"

Æ√øvÇ:u! ø:vO~ïW<ËUÙ W¶OÙWÖ :Èœ WîW¶<Wz :ÈñWz

UJAÄ UïËuÇ«b:OÄ 3 - 6

©ÈñW!ËñW<® v8:Ëœ UM|;ñ:uÙuÖ

 :ÈbïW!6
‚…ñ s:|œœUî Ë qÅ
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Ü.GT°ôì GdØô¥ HÚ f¶ÉΩ e¨∏≥ hf¶ÉΩ eØàƒì.

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

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

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

5.OQLá Z∏«É̀¿ GŸ«ãÉfƒ∫ Cº56. hGŸ«ãÉfƒ∫ S°ÉFπ Yæó OQLá MôGQI Cº52h–â V°̈§ mta 1. eo∏Å OhQ¥ U°̈Ò HÉŸ«ãÉfƒ∫,
hhV°™ –â fÉbƒS¢ RLÉL», Kº aôqÆ GdæÉbƒS¢ eø Gd¡ƒGA. dƒMß GC¿ GŸ«ãÉfƒ∫, –â GdØôGÆ, j̈∏» Yæó OQLá MôGQI
Cº52.

aù°uô GfîØÉV¢ OQLá Z∏«É¿ GŸ«ãÉfƒ∫, e©àªókG Y∏≈ f¶ôjá G◊ôcá G÷õjÄ«á, heØ¡ƒΩ Gd†°̈§ GdÑîÉQ….

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

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

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

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

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

Æ» ÆWJ!WÑËdÅ «b|dëWÑ :vîW¶fiO< Ë v"dÖ :vîW¶fiO< «ñW§ÑUïœ :v|œñË«ñW!

5Æ ‰:uïUßOî UMOìWë öÄ65ºC UOîñWÖ öÄœ ‰:uïUßOî Ë Æ25ºC vïU¶<WÄ d:|óì Ë1 atm¨dë ‰:uïUßOî Èó" pOâ! vëWAOÅ ÆWKÅ :v| «œ

 UOîñWÖ UÄœ «b:OOÙüUÑœ ‰:uïUßOî uë dë vMO§:O" ÆÈ«ËWÙ ˛ dëôUÑ q~ï…“ vÅUÄ ¨ÈWAOÅ UëWK~ï…“ d:|˛ Uï«œ Ë25ºCÆXOìWë :Èœ «œ

ÆÊU¶<WÄ WïWÙ :vÙW~:O" Ë ¨ÈœñWÖ UMOçì «“:ËœdO! ñWfiì XAáìUÄ ¨WJ§ïËËñ :̧uïUßOï Uïü:uë öÄ UïËu§îeï
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 ∫†ñuë Uç<ñW!Æ…b! s:OÙœ s:|ñUO<dÄ Uç<ñW! ÈdëñU|œ :vN'

1Æ ∫s:OÙœ s:|ñUO<dÄ Uï«bç<ñW! :u!˛ WJ! :ÈñU8 :v|dJïËËñ vM:|Ë ñWfiì v¶AáìUÄ

```````````````````````````````````````````````````Æ√ UMOìWë öÄ4CClø…bïWÇ v|U<Uz :È

```````````````````````````````````````````````````Æ»W¶OÙW~! U" XO§! Âeï :vÑUz ñWfiì È«ËWÙ UïU¶<WÄ ñWÖWz ¨bïWÇ W¶O! :Èœ :vÑUz UMOìWë öÄ

60 kPaø

```````````````````````````````````````````````````ÆÃ ñWfiì È«ËWÙ UïU¶<WÄ X:OÑœ4CCl UOîñWÖ öÄœ uë U" XO! bïWÇ50ºC ÆXOìWJ! «œ

Æœ U¶<ñU! Wì:uî …d¶L:Oë :vÑUz U¶<ñU! Wì:uî uë :ÈbïWÇ :ÈËWz ÈñU!…b:|“4CCl UïU¶<WÄ WL˘WÙ ˛ ÈË UïU¶<WÄ WL˘WÙ ¨4CCl

 ˛ X|dãœ d¶L:Oë :vÑUz U*WÙ uë ÈWJ! vMO§A:OÄ †WëœW¶ì…Ë W| vÇ ËWz Æ«b:OîñWÖ öÄ :ÈË ñWÙœ …d¶L:Oë4CClø

UJAÄ UïËuÇ«b:OÄ 4 - 6

 ˜U‡‡z

 :ÈbïW!6
‚…ñ s:|œœUî Ë qÅ
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2ÆUMOºfië:uz ö|œñWÖ Ë :vÑUz Uë…œñWÖ UMO3:Ëñb|UÙ ö|œñWÖ® WJ! ÈWÙ «b:OÑUz s:|œñWÖ «ñW§ÑUïœ «ËWz vMO3:Ëñb|UÙ «bïW! UH<…Ë

ñWfiì :ÈË UïdJ:O"ñUë ¨ÈbïW! «e:OÙ ¨ñ«bJAÄ s:O|WJìuïW" ¨ÈbïW! :vN3 ∫WJ§ïËËñ s:OÙœ s:OÑWz Ë Æ©:vÑUz U| d¶|œ Uë…œñWÖ

Æ:vÑUz v|UOLOë Ë v|U|eOã s:O"WK8U<

 ∫„…ñUO<dÄ bïWÇÆWJ!ñU|œ «b"W§|U" UOÙôUÑœ u8 :ÈñUë Ë WfiOçM! :v¶<«ñ :v|ô ö:OÙ ñWfiì :vç<ñW!

3Æ :ÈË «ñU!Wè :ÈdãW! :vëW|Ëu˘UáÅWÅ
316 cm‰ :vO¶<W! U|;dÇ ∫UH0 s:|Ë«ñœ® Æ0ºC Ω «œ0.917 g/mL:ÈdãW! UïUOìW4 UOîñWÖ

 Ω6.009 kJ/mol UïbïU*WÙ UOîñWÖO2H Ω40.79 kJ/mol :u! vì:uî U¶<ñU!O2 H=18.02 g/mol(

```````````````````````````````````````````````````Æ√ÆWJ!ñU|œ :ÈdãW! U|ËuìUáÅWÅ U¶<ñU!

```````````````````````````````````````````````````Æ» s:Oì:uî «ñUîóÙO2H Æ…d:Oîó! «b:OïËu/œ

```````````````````````````````````````````````````ÆÃø :̧u3:uKOë » …bïWÇ :ÈdãW! :vëW|Ëu˘UáÅWÅ UïUOìW4 :u! vÑb:OÄ UOîñWÖ
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 ∫†ñuë Uç<ñW!Æ…b! s:OÙœ s:|ñUO<dÄ Uç<ñW! ÈdëñU|œ :vN'

1Æ∫s:OÙœ s:|ñUO<dÄ Uï«bç<ñW! :u! WMO!ñUJ! v¶AÖ U| @ïW<ËUÙ UA:OëËUÙ ˜Wz

 ´ :vOîñWÖ «“ËP ©v"UNîWÙñW!®
←→R ©ËËœdJJ:OìñUë®

```````````````````````````````````````````````````Æ√:Èœ ÊU| XO!…b:|“ :Èœ U|ËËœdJJOìñUë UO¶<W8 :ÈñWz ¨XOâ! :vÄWÇ ·…ñW! p:OìñUë ñWÖWz

 ød~:O3 WÑW¶MOî :Èœ ÊU| ÆXO! r:Oë

```````````````````````````````````````````````````Æ»øXOÇ Èô óOë ·…ñW! p:OìñUë :Èœ ¨dë…b:|“ „WO"UNîWÙñW! ñWÖWz

```````````````````````````````````````````````````ÆÃ øXOÇ Èô óOë ·…ñW! p:OìñUë :Èœ ¨Ëu§L:Oë vîW¶fiO< UOîñWÖ öÄ ñWÖWz

2Æ :Èb|UN|bìUîñuã Uë…œñWÖ Ë ñ«œñWfiîW3 U| :vÑUz Uë…œñWÖ «ñW§ÑUïœ :v|œñË«ñW!O2CHñWÖWz ¨WJ! «œ d¶L:Oë U|ñ«œñWfiîW3 U|

 :vïU¶<WÄ d:|óì Ë «b:|ñË˛ UOîñWÖ öÄœ ¨©Ê:Ë;ñ® sKÅœ œñWÖ ËËœñWÙ vï«e!1 atm Æ«œ

```````````````````````````````````````````````````Æ√ø…d"“ñW! :ÈË UMOìWë öÄ vKÅ óOë

```````````````````````````````````````````````````Æ»øX|dãœ d¶Ä qÅ óOë

```````````````````````````````````````````````````ÆÃø…d¶ï“Wî ÈË :vO|ñU|˛dÖ qÅ óOë

```````````````````````````````````````````````````Æœ øXO!œ ˜ö! d¶|“ qÅ óOë

```````````````````````````````````````````````````ÆÁ«bOKÅ óOë œNaCl øX:OOìW4œ

 ∫„…ñUO<dÄ bïWÇÆWJ!ñU|œ «b|dJïUAOM¶<…œ UOÙôUÑœ :u8 :ÈñUë Ë ÆWfiOçM! :v¶<«ñ :v|ô ö:OÙ ñWfiì :vç<ñW!

3Æ  :ÈdãW! UïbïôW4 u! vì:uî UOîñWÖ uë vï«e! ñWÖWz6.009 kJ/mol ÆW‡

```````````````````````````````````````````````````Æ√ UïbïôW4 :u! vÑb:OÄ UîñWÖ1.0 gø…bïWÇ :ÈdãW! ˛

```````````````````````````````````````````````````Æ» ®  Èñ:uìUë ÊUMOzñUJ! W¶:OÙœ Ê«ñU3 U|d¶Ä «ËWz :È“Ë UëW|Caloria ®…©1Ω Èñu˘Uë4.18 J©

 ÆWJ!ñU|œ Â«dÖ p:Oz ñWÙ :u! Èñ:uìUJ! :ÈdãW! UïbïôW4 UOîñWÖ

 ñ:u3 WîWÙ UïËuÇ«b:OÄ
 :ÈbïW!6

‚…;ñ s:|œœUî Ë qÅ

104

˜Uïñ«ËñW!‰:uÄ



4 Æ``````````````````````````````````````````````````` Ê:u|dã11 ,F3CCl :ÈË UïbïU*WÙ UOîñWÖ Wì:uî ÊUMOzñUJ! W¶:OÙœ «œUMA:|bï:uëdOzœ Ê«ñU3 U|d¶áì24.8

kJ/mol :ÈË UMOìWë öÄ Ë24ºC¨Êdë…“ñW! W¶:OÙœ :ÈñËË˛ ˛ «ËWz …bïWÇ :vîñWÖ :ÈËWz «;d! Æ

uë :vëWMA:|bï:uëdO£!1.00 kg Ê:u|dã ˛- 11 ørìWÙ W"WJ!

105

˜Uïñ«ËñW!‰:uÄ



40

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



41

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



43

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



42

 vÙW~OèU" s:OïdJOèU"



•Æ†WëœñU|œ «œu3 s:OïU¶<WÄ d:|óì «bOïUîUz ˜Uï œ «“UÖ :ÈËWz «ñU!Wè
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.2∫:vïdJï:Ëñ vM:|Ë UïdëWÑ:ËdÅ:ÈñU!Wè UM|ñ:uÙuÖ uë †…œœUAOï :ÈËWz :vïdJï:Ëñ :Èu:OÅ :ÈñWz

ÆWJ!WÑ:ËdÅ :u8 s:OîU$Wz øvïU¶<WÄ UM|ñ:uÙuÖ ‰WÖœ W|…ó:|ñËUÙ Wï«ËW¶<«ñ

 ñUO<dÄ bïWÇ
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.3∫ÊUMOï«e:OÄ UïdëWÑ:ËdÅ:ÈñU!Wè :v|bïUáìuè «ñW§ÑUïœ :v|bï…u|WÄ :uë WJ!WM:|Ë :vïdJï:Ëñ :vë…u:OÅ

v|Ëu<Uz :Èñ…ËW" ñWfiì ÊU¶<WÄ :uë W!ñ«bÙWÖUz Æ†WJ! ÊËËñ vïU¶<WÄ ñW§ï«ñW! ©…ñU!WèØ±®

uë WA:OJ! q:OÙ s|d"bïW<WÄ ÆÊdëWM:|Ë WM:OÙœ vïu¶< :Èñ…ËW" ñWfiì :ÈñU!Wè :v|˛UÑËñW! Ë

 ÆXOâ! «dïôU8 U|d¶Äœ

.4∫:vïdJï:Ëñ Èu:OÅ UïdëWÑ:ËdÅñWJ:O"ñUë :vïU¶<WÄ «ñW§ÑUïœ Èbï…u|WÄ ñËbì W| vÇW" :vîU$Wzñ…œ

øÈË «ñU!Wè Ë :È“UÖ ñWfiì
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.1∫ÊUïËu/ UïUMO£Nº!WJ!œñË«ñW! ÈË U|…ñU!Wè Ë :È“UÖ ÊU¶<WÄ «ñW§ÑUïœ dë vMO§:O" W" U|bï…u|WÄ ËWz

Æ:È“UÖ :ÈñU¶ã…ñ UïdJH<…Ë :u!˛ ÈœñWÖ UMOçì «“:ËœdO! ‰WÖœ

.2∫ÊUîU$Wzñ…œ UïUMO£Nº!UïUMOzñUJ! Uî…œ :È“UÖ «ñU!Wè UïdJMO§A:OÄ :u! WMO!ñUJ! :vïdJï:Ëñ :Èu:OÅ

Æv~ïW< U| ÈbMÙ Ê«ñU3   ÈË«;d! :vëWïU¶<WÄ

.3∫ÊUîU$Wzñ…œ UïUMO£Nº!uë «œ ¨UMOzñUJ! vÙUM|dÅ UëWÇñUÄ s:O| v|U<Uz s:O|W"UNJ:OÄ ñWÖWz

 uë vMOìWJ! vëWN'1000m˜Wz uë …ËWz ÈdJMO§A:OÄ U| ¨XO!d¶îeï ÈU|ñ…œ :v|ñ :v¶<Uz ˛

:u! WJ!ñUOMA:OÄ :vë…ñUÇ Ë ¨…ó:O! ÈñWÖWz ÆÈU|ñ…œ :v|ñ :v¶<U£ì «ËWz ˛ XO!d" s4WÄ …ñUÄ

Èd"Wî:ËñU! :vïU¶<WÄœ ÈËu!«b|WÄ UOÙ«œu3 ñWfiì v¶AáìUÄ ∫vMO§:O"® Æ:vJ:Oz :vÑWz ˛ Êdëd|œ

:u! UOÙUM|dÅ UïUOÅ vÅËu" XO!œ uë s:O|ñW~:|ñUë Ê«ËW£! :ÈË U|bï…u|WÄ Ë :̈vOÙ«bMK! :vÑW£ì

Æ©WJ! :vïËu§Ñ:uÄ

 v¶AÖ s:OîU$Wzñ…œ
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• s:O| :vOîñWÖ s:O|WKÄœ ÈdJïUAOï U$d<œ :È“UÖ «ñU!Wè†Wëœ ÊUAOM¶<…œ «œu3  Æ

•:vë…u:OÅ Æ†Wëœ WM:|Ë sçìWë UOîñWÖ öÄ Ë :ÈñU!Wè » †W§|U" s:OMOï«e:OÄ :u! :vïdJï:Ëñ

•:u! †WëœWÑ:ËdÅ :vïdJï:Ëñ :Èu:OÅUï«bîU$Wzñ…œ Æ¸ñUÅ U<U|

sçìWJ! :ÈË UOOîñWÖ öÄ Ë :vë…“UÖ ˛ ÈdëñU|œ Uë…;d! «ñU!Wè «ñW§ÑUïœ Èbï…u|WÄ ¸ñUÅ Uï«“

:È“UÖ «;d! È˛ ËWz ¨ÊdëdO~:O3 :È“UÖ :ÈñU¶ã…ñ ñWfiì ñWJ:O"ñUë s:OM|;ñ:uÙuÖ ËËœ ÈËWz ¨vì:uëWÑ

Æ:ÈË :vïU¶<WÄ Ë

ËWz vÅUÄ ¨Èñ:uÙuÖ «b|dëWKÄ U$d< ˜Uïœ «ËWz È«ËWÙ UOîñWÖ öÄ :Èœ «b:OïdJOèU" :vÑWz œ

«ñU!Wè «ñW§ÑUïœ :v|bï…u|WÄ :Èœ vÅUÄ ¨©UëWïbïU8 bïWÇ® WJ!ñU|œ †…œb|Ëñ «b:|ñU!Wèœ UM|;ñ:uÙuÖ

«ñW§ÑUïœ ÈñUëdO! U|bï…u|WÄ WOÙWÖ :Èœ :vOÙUîËbì Ë ¨†WëWM:|Ë :Èœ sçìWJ! :vOîñWÖ öÄ Ë :È“UÖ

ÆsçìWë UOîñWÖ öÄ Ë :È“UÖ :ÈñU!Wè

UM¶<«ñUÄ :u!˛ :u8ñW! WJ! :vÙW~OèU" :vJ¶OìWî Ë :̈u8 s:OÑUÇñW! …b! vM¶<«ñUÄ s:OJÑUÇñW! Â«Ë…œñW!

 ÆW" s:OÖñW! Ë ˚3 Ë W" s:OÑUÇ

 ÆÊ«Ë UM¶<«ñUÄ :u! :u8 s:O¶<…œ WJ! :vM¶<«ñUÄ s:OëñuÖ“…œ

ÆWJ! :u8 ñW§ì Á…dãñW! s:OÖñW! Ë ˚3 vMOzœñUJ! ÊeïW! U|ñuÖ u" uëWÙ

v|U<Uz U| vA:OKÖ UJìW< ˜Uïœ WëWï v¶<WJÅ :vAOÅ ñU3 uÇ

            vfiAOAfi<• U| ÈdëWKÄ UëW$d<100 mL ÆÈ•   Æ©vìuæë ñ«dæî® vìuæë :vçOáîñWÖ

            vfiAOAfi<• Æ:vÑUz UîUîW4•ÆÈË s:O|:uJÅUÄ Ë v|«eïUë :vë…d~ìWÙ

            vfiAOAfi<• ÆÈË s:|bïW§ÅUÄ Ë s|eïW! U|ñuÖ•Æ:v$d< :vM! :u! vJO¶<öÄ «ñ:ËœWÄW"

 :vïUMO£Nº! s:OïUAOï

 vëWA:OÄ

 v"Wîö<

W¶<…ñWë Ë …œœUî

¸ñUÅ U<U|  UïdJOèU"2
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 ÈñUë UJ:|;ñ.1Æ…d~! vJO¶<öÄ vëWäUÄWI! ÈË :v$d< :vM!

.2ÆWï«œ ©√® :Èu:OÅ „…Ë ÈUÖ“…œ

.3s:OKÄ ñW§ï«ñW! ©WfiOçM!® WJ!ñUîu" Ë ¨WçOá! :È“UÖ «ñU!Wè vÅUÄ ¨WJ! :vïdJîñW~! X<…œ

∫ÈdëñU|œ «b:|ñU8 :v¶A8œ s:|ËWz :vOîñWÖ

©√® :Èu:OÅ

⁄U!Wè

 :vOîñWÖ :ÈñWçOÄ

 ñËœWÄW"

:v$d<

ÈdëWKÄ

:ÈdÖ«ñ

 v|«eïUë

 ”Ëuï…ñ

 v|U! :ÈñU!Wè

®
3V cm©

V/T

)/K3(cm

UMOï«e:OÄ v¶A8

1

2

3

4

5

 :vOOîñWÖ öÄ

 ®ºC©
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:vOîñWÖ öÄ

 sç˘Wë
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.1sç˘Wë UOOîñWÖ öÄ ñW§î«ñW! ¨W|…ñU!Wè :v|dJïËËñ :vë…u:OÅ :ÈñU8 U|dJïËËñ «“WäUë ñWfiì

vïËu¶< :Èñ…ËW" ñWfiì È˛ …ñU!Wè Ë v|:uO<Uz :Èñ…ËW" ñWfiì UOOîñWÖ öÄ U| vMO§:O" ¨WA:OJ!

 ÆXO!

.2ø:vïó:O!œ ı :vKÄ :Èu! XO! :ÈË :Èñ…ËW" ö:OÙ ñW§î«ñW! ó:|ñœ ÈdJïËËñ ö:OÙ

.3XO!œ ó:|ñËUÙ È˛UÑËñW! È…ñU!Wè UM|ñ:uNÖ :uë †…œœUAOï :ÈËWz ÈdJïËËñ :Èu:OÅ :ÈñWz

 ∫WJ!WÑ:ËdÅ :u8 Uç<ñW! ø:vOOîñWÖ öÄ UM|ñ:uÙuÖ ‰WÖœ

Ê«bJ:Oì Ë ÊdëWÑ:ËdÅ

 ® UOOîñWÖ öÄK©

Æsç˘Wë UOOîñWÖ öÄ ñW§î«ñW! …ñU!Wè

 
®
 
…
ñ
U
!
W
è

3
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.4® :v|UÙW! UM¶|œWÑ UJ:|;ñ »V/T øXOÑWëœñ…œ W" :u! ı ø…d~:O3 :ÈñWz ¨«b:OëWÑUO! ñWÙ œWÑ ©

.5ø«œ sç˘Wë UOOîñWÖ öÄ Ë È…ñU!Wè «ñW§ÑUïœ ÈñUëdO! s:O|bï…u|WÄ ñËœ ‰ W| vÇ W" UïuÇ:u!

ø:ÈœñWÖ UMOçì «“:ËœdO! ñ:uÖœ ÈWëWÑ:ËdÅ :Èœ :vÑWz «ËUÇ
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:vïUMOz tº! s:OïUAOï

 vëWA:OÄ

 v|…u:O!

 UïdJOèU"3G◊éº GŸƒ‹ d∏̈ÉR

• :È…ñU!WèH 2:vÅd" ‰WÖœ vî:uOfiOMÖWî :v|dëñU|œ :vëW¶<ñU! UëWJ:OìñUëœ ÈËu!«b|WÄ U|

 p|ñ:uKëËñb|UÙ Æ†Wëœ ñU|œ

• ® vïUçOÄ UïU¶<WÄ Ë :vOîñWÖ öÄœ :È“UÖ :v|…ñU!WèSTP Æ:Èñ…œW¶MOz :Èœ ©

•Æ†…œb:|dÖ WçJ:OÄ Ëœ dJ:OìñUë :vî:uOfiOMÖWî s:Oì:uî «ñUîóÙ Ë :È“UÖ :v|…ñU!Wè

•Æ†Wëœ ÈUçOÄ UïU¶<WÄ Ë UOOîñWÖ öÄœ :È“UÖ UëW :̆uî :È…ñU!Wè

:u! Ë †Wëœ vJ|ñ:uKëËñb|UÙ :vÅd" ‰WÖœ vJ:OìñUë “WK! Ë WëôUÇ :vëWL8u" Â:uOfiOMÖWî

:vÅd" Ë vî:uOfiMÖWî U| ÈdëñU|œ Uë…d§! p:OìñUë «b:OïdJOèU" :vÑœ Æ:vMO3:Ëñb|UÙ «“UÖ UïUMO£J:OÄ

Ë :vïdë Âuë W¶:O" ÈËu!«b|WÄ UMO3Ëñb|UÙ «“UÖ ÈñW< ‰ vÅUÄ Ë †…œb|Ëñ p|ñ:uKëËñb|UÙ

UOOîñWÖ öÄ Ë v|U<Uz UïU¶<WÄ d:|óì Ë v|UçOÄ «“UÖ :v|…ñU!Wèœ ¨ÊUçOÄ W¶:OÙœ :ÈË :ÈñU!Wè

U|W¶<ñU! UMOï«e! Ëò 5MO§! «b|UçOÄ UïU¶<WÄ Ë :vOOîñWÖ öÄ œ :È“UÖ :ÈñU!Wè W|«œ ÊUOÅœ ¨«b:OÙW~OèU"

 :ÈñU!Wè Ë ÈdëñUë :vîuOfiOMÖWî s:Oì:uî «ñUîóÙ W|«œ ÊUOÅœ vî:uOfiOMÖWî2H ® Û¨» œSTP©

U|WA:OëËUÙ ‰WÖœ :vM¶ãWëñ…œ :vî…œ ‰WÖœ Ë sMO§! vî:uOfiOMÖWî UëWì:uî UJ:OìñUëœ uë «œ

 ÆåXO! ÈU$uÖ U|«bJ:OìñUë UO~ïW<ËUÙ

:u! :u8ñW! WJ! ÁW~OèU" UJÅuëñW! :u8 X:OÑUÇ WJ! ÊUÑUÇ UM¶<«ñUÄ s:OJÑUÇñW! Uî…œ vîWÙ

 ÆW" s:OJK3 UM¶<«ñUÄ

…ó:O! Ë uA! ñWfiJ:Oz v"Wë :vÑ W" X:OJK3 ÊU| W" :v¶<…œ ñWëWÙ Æv|UOLOë s:|…œœUî ı WëWï :u8 :v¶<…œ

 Æ:v|U¶<:uîUî

ÆWJ! v|U¶<:uîUî È“UÖ 7Åñ W"UÙ v|UOLOë :vë…œœUî ñWÙ

ÆWï«œWï «b|U<Uz UJ|UîñW! UJìW< œ v¶<WJÅ UëWAOÅ ñWÙ

:È“UÖ :vO :̆uî :ÈñU!Wè

118

˜Uï˛Ëñ‰:uÄ



 W¶<…ñWë Ë …œœUî

 Êdë…œUîUz

• M HCl6

•ÆÂ:uOfiOMÖWî U¶|dÅ

• :vë…ñWJO!50 mL ÆÈ

• ÆÈWï“U! vë…dÖ«ñ

• :vë:uA:Oì50 mL ÆÈ

• ÆÈdJïuë vJO¶<ô :vëWäU!Wè

• :vë…ñWJO!400 mLÆÈ

• È…uO3 :vçOÄ ÂñWÖ100ºC-0Æ

• ÈdëWKÄ UëWO|ñ:u!1000 mLÆÈ

• Æ©ÕUæ<® „uA:Oì

• Æ©„bïW!® È“…œ

.1 :ÈñWJO!400 mL Æ©Wãdä® «b:|ñËË˛ UOOîñWÖ öÄœ :vÑUz ˛ WJ!dÄ ÈË UëWO:O< ËËœ U"WÙ ¨È

.2 U"WÙ Êdë p|e:Oï W¶:ON! WçOá! vî:uOfiOMÖWî U¶|dÅ UO|ó:|ñœ0.1 cm :ÈË U|ó:|ñœ :vìW!4.5 cm

 ÆWfiOçM! «œ ÊUMOï«e:OÄ :v|W¶A8 œ ÈË U|ó:|ñœ Ë X|ñ:u!Wï

.3«œ ÊUMOï«e:OÄ :v¶A8œ Ë v|U¶<:uîUî ·…bì ¨WMO§! vî:uOfiOMÖWî U¶|dÅ Uë…d"Wî U|W¶<ñU!

 ÆWfiOçM!

.4 :vëbïW! :vë…ñW< Wâ:Oá! p|uâ! :v|dë ê:OÄñ…Ë Èu:OA! vî:uOfiMÖWî U¶|dÅ25 cmó:|ñœ

Æ…ñU|œ «œ ©√® :Èu:OÅœ „…Ë †WJ! Âuë WçJ:OÄ :uë :v¶|dÅ s:Oï“U§! …b§:|dÖ

.5 ® UïUMOzñUJ! » vÑb:OÄ WÑU~M:OÄ ˜Wz M HCl6ÆXMO! tº! U¶<:uîUî UOÑœ Ë W|WÙ ©

Ë Xfi:OÄ ñW< W¶OÑWëWï uë …e:|ñUá! :È˛ :u8 :ÈbMÙ ñW!˛ ¨©W|«ñu8® Ë …óO" :v| p|ñ:uKë:Ëñb|UÙ :vÅd" ∫Èñ«bÙWÖUz

 vîWÙ ¨vÅd" vÑ ‰WÖœ :vïdëñUë :vî…œœ ‘d" U*WÙ ÆW" s:OÑUÇ

 ˜Wz ñWÖWz Æ:vJ! UëuÖ X<…œ :vÙW~OèU" UJÅuëñW! Ë UJÑUÇñW! «bî…œ

 ¨ËuA! :vÑU£! X<…bKî…œ :v¶AÙWÖ Ë XÑWë W" :v¶<…b! WÅd"

 :Èe:Oî ñWfiì 7Åñ W"UÙ :vëWÅd" ñWÙ Ë WJ! :u8 :v|U¶<:uîUî U|ñ«bÙWÖUz

ÆÈWë óèUÄ «ËUÇ Ë ÈWJÇ :Èœ Uë WJ! ÈU¶<:uîUî «ñUO<dÄ ÈœñWà ñWfiì ÊU|

 vJ|e:Oï v|U¶<:uîUî10 mL :vë…ñWJO! W"WJ:|œ

50 mL ¨6 M HCl Æ©È…u:OÄ® “UÖ U|ñ:u! W"Wë :Èœ

.6«œW" :v¶<…œœ «œñU8 „WâOÄ :vëWÑUO!œ vëuA:Oì uë «bOî…œ ÈËœ

 WJ! «b|ñWJO!œ :vÑUz «d! vÅ«u:ON!400 mL  ‰WJ:O" ˛ Èñ«bÙWÖUz Æ

ñWfiì :vÑUz ©UëW8W"® UëWMOÇ …œ ‰ËWÙ ¨W! vÅd" Ë :vÑUz UïËu!

UÑUz UîUîW" Uë…;d! U<…ËñWÙ ¨ÈWJ!«b|WÄ vÅd" ©U8W"® UMOÇ

 ÆÈWëœ ©;dÄ® Èó" U"W4 vë:uA:Oì W|WJ! Ë«dM:OÄuìœ

©√® :Èu:OÅ

:väU!Wè

ÈdJïuë :vJO¶<ô

„bïW!

 UJâ:OÄñ…Ë

Â:uOfiOMÖWî

„:uA:Oì

ÈdëWï :vKÄ :vN3

 X:OÑœ Wîuë

ÈË :ÈñU!Wè

Æ :Èñ…œWMMO!
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©»® :Èu:OÅ©Ã® :Èu:OÅ

 ˜Uz

vîuOfiOMÖWî UJâ:OÄñ…Ë

7. UO"«ñuJ! «œ :vÑUz ˜Uïœ WK:OÙ «œ vî:uOfiOMÖWî UJâ:OÄñ…Ë5 cmÆ«œ vëuA:Oì UO|ñ:u! ˜Uïœ

©√® :Èu:OÅœ „…Ë «b|Ë :vN3œ vJïW! «bïUfiOïWç:OÄ :u! :̈v|ñ:u! :Èñ…œ W‹:O! vJO¶<ô :väUÄWè

Uïö:OÙWï :u! :̈ÈñU8 W¶OÇ :Èœ :v|ñ:u! UÑUz ˛ „…bMÙ «b:O|ñ:u! ˜Uï :u! :väU!Wè Uïd! ÆW|«œ UAOï «œ

 Æ†Wë ñWÖ:ufiî :Èœ «b:O|ñ:u! ˜Uïœ v|U!

.8 vë…ñWJO! ˜Uï u! WJ! s! ñWfi! :vëuA:Oì UO|ñu! Ë …d~! v¶<…b! väUÄWè UïuëmL400

:vM! :u! :ÈñU8 ·…ñW! ‘d" ¨vM!œ «œ ©»® :Èu:OÅœ „…Ë …b:|dÖ WÑ :vë…dÖ«ñ » :vO|ñ:u!

X:OOMO§:O" ©uNï® Wëuï ¨†Wë :vJ:OìñUë vî:uOfiOMÖWî ‰WÖœ Ë XO! :Èœ :vÑUz :vìWJ:O" Ë :v|ñ:u!

ÆWfiOçM! «œ ÊUMOï«e:OÄ :v|W¶A8 œ ÈdJïU8ñW" s:OOÙôUÑœ :u8

.9s:Oëñ:uÖ X<…œ uë v¶AÄ ¨XO¶<…Ëœ«ñ p:OìñUë Ë vMOîWï ñU|œ vîUîW¶! Â:uOfiOMÖWî :vî…œœ

UO|ñ:u! :u! …e:OÙuÖWÑ :vO|ñ:u! ÈñUOAN! Ë väU!Wè Uïuë ñW< W‹:O! :u8 öç" :̈v|Wëœ vJO¶<öÄ

® ÈdëWKÄ1000 mLUO|ñ:u! :v¶<Uz :̈vÑUz ˛ dÄ ÈË UO"«ñËuë vëWïUîUz ñWÙœ ÊU| È ©

Ë :vO|ñ:u! ˜Uïœ öÅ :v¶<Uz :vë…ñ:uº:Oì ©Ã® :Èu:OÅ „…Ë W‹:O! p:|ñ ¨«b:OÑUzœ vëuA:Oì

ÈËu! Â:uë UMO3Ëñb|UÙ :v|…ñU!Wè ÈñUOAN! ¨s! ÊUfiëW| «b|dëWKÄ UO|ñ:u! ˜Uïœ UÑUz :v¶<Uz

 ÆWM|u‹!
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10 mL

20 mL

30 mL

40 mL

50 mL



   ÊËu!ñUÖ“ñ Ë ÊdëóèUÄ

 ÈñU|d:Oî˛

.10ÆWfiOçM! :vïU¶<WÄ Ë :vOîñWÖ öÄ

.11UOOîñWÖ öÄœ :vÑUz U*WÙ UïU¶<WÄ UM¶|œWÑ :u! WMO!ñUJ! :u8 Uëu"ñWÄ :v| :vÑUz U*WÙ :v"W§|U" :v¶A8

 ÆWfiOçM! «œ ÊUMOï«e:OÄ :v¶A8œ È˛ :vïU¶<WÄ :ÈË ¨vfiOçïW" uë U| :ÈñËË˛ :ÈË

.12s:|…œœUî ÆÊ«Ë s:ON3 WM|dÑe! Ë WJ!óèUÄ «b:OÙW~OèU"œ :u8 :vìuÅ s:ON3 Ëd:OîUz vîWÙ

W|WëWï v|UOLOë :vëWJ|UîñW! ı ¨†W§|U" UM¶:OÑUÙ s:ON3 WJ! «Ë«dOÖ Ë v|UOLOë

ÈU¶<:uîUî uë U"WÙ v|U<Uz :vA:OKÖ UM¶:OÑUÙ s:ON3 Ë :vÑUz s:OëËu3 Ë ËuÅ X<…œ

˛ WÑñ…œ WOâ! ÈñW! uA! ‘U! :u8 s:Oëbï…“ Ë X<…œ ÆÈWëWï ñ«œWÖUz :vÄ

 ÆX:OÙœ vÙU1Ëb! ‰uÅ v¶AÄ Ë :vÙW~OèU"

 ∫vMO§:O"

.1UMOï«e:OÄ UM¶fi‹J:|ñ:u! WMO!ñUJ! :vë…ñW¶Oî U|W¶<ñU! v|UMOz ñUJ!W" :vî:uOfiMÖWî U¶|ñWÅ :ÈË U|ó:|ñœ

 U|W¶<ñU! UïdëñU|œMg ÆÈdë p:OìñUë È

.2UMOï«e:OÄ UM¶fi‹J:|ñ s:Oì:uî U|…ñUî˛Mg∫WMO§! Èdë p:OìñUë :È

cm

g/m

mL

ºC

mm Hg

mm Hg

ÊUMOï«e:OÄ :v¶A8

v|UMOzñUJ! :vî:uOfiOMÖWî U¶|ñWÅ UO|ó:|ñœ

 U¶|dÅ Uë…d"Wî U|W¶<ñU!MgÆ

 :v|…ñU!Wè2HÆ«b:OÙW~OèU" :v8Ëœ:ËñU!œ ÈdJîuë U|

 UOOîñWÖ öÄ2H ÆÈd"WîËñU!

 ÆÈd"WîËñU! Uïbï«u8

Æ«bOfiOçï UOOîñWÖ öÄœ :vÑUz U*WÙ UïU¶<WÄ
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.3∫UMOï«e:OÄ UM¶fi‹J:|ñËËœ UïËu!WÙ UOMO§A:OÄ :vÑUz ñWfiì vMO3:Ëñb|UÙ «“UÖ UïËu! Â:uë :ÈñWÖWz »

  «“UÖ È˛ËWz uë Êdë W¶:OÙœ «œ vë:uA:Oìœ Ê«“UÖH2 «“UÖ UïU¶<WÄ WÅW! ¨W| :vÑUz U*WÙ ËH2

 UOOîñWÖ öÄœ ÈËu! Âuë 20.0ºC® WMO§! «œ∫vMO§:O"ËËœñWÙ UïU¶<WÄ WÅW! Uïdë Â:uë :vîU$Wz

  Æ©v|UèW< UïU¶<WÄ » WïUfiëW| Ê«“UÖ

.4∫ÊUMOï«e:OÄ UM¶fi‹J:|ñ UOOîñWÖ öÄ œ uë WMO! pAÙ UMO3:Ëñb|UÙ :ÈË :v|…ñU!Wè20.0ºCUïU¶<WÄ Ë

 ® vMO§:O" Êdë Âuë WOO"UÙ «b|UçOÄ2V2P =1V1P ©

.5∫ÊUMOï«e:OÄ UM¶fi‹J:|ñÂ:uë WO"UÙ «b|UçOÄ UOOîñWÖ öÄ œ uë WMO§! pAÙ UMO3:Ëñb|UÙ :ÈË :v|…ñU!Wè

  Æ        Ω       ® Êdë

.6∫UM¶ãWëñ…œ :u! Ê«bJ:Oì :v|…ñU!Wè UëWì:uî ˛ X:ON! ÂWÙñW! W|«œ ÊUOÅœ uë WMO§! pAÙMg

® «b|UçOÄ UïU¶<WÄ Ë :vOOîñWÖöÄœSTPÆ©

.1∫UJ:|ñ UïdëWÑ:ËdÅU*WÙ UïU¶<WÄ UïUçOÄ :u! ÈWJ| X<«ñ Èd"Wî:ËñU! Uïbï«u8 :u! WOÑb:OÄ vÇ:u!

ø«b:OïdJOèU" :vÑœ :vÑUz

 „…ñUO<dÄ bïWÇ
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.2∫:vïdëWÑ:ËdÅ UJ:|ñ:Èu:OÅœ vë…Ë ¨«b|dëWKÄ UO|ñ:u!œ vë:uAOì UO|ñ:u! :v¶<Uz ¨Ëu! vÑb:OÄ vÇ:u!

:v¶<U£! XO! ÊUfiëW| «b:O|ñ:u!œ :vÑUz :v¶<Uz uë U"WÙ X|WJ! X<«ñ ÊdJïËËñ WO"UÙ «œ ©Ã®

 øW|«b:O" ˜Uz uë UO|ñ:u!œ :vÑUz

.1∫«ñeÙ Uï«b:|dÖ WçJ:OÄ ‰WÖœ vî:uOfiOMÖWî UJ:OìñUë:u! Wfi:OçM! @ïW<ËUÙ UëWA:OëËUÙ, HCl

 «“UÖ :vJ:OìñUë :vîU$Wz2H Ë2MgCl ÆXO!

.2∫UM¶ãWëñ…œ UïUMO£Nº!©Û ¨ »® œ WJ!ñU|œ vMO3:Ëñb|UÙ «“UÖ :v|…ñU!Wè «b~ïW<ËUÙ U|WA:OëËUÙœ

 UJ:OìñUëœ X:OA! uë «œ3 molMg ÆXMO! ÂWÙñW! p|ñ:uKëËñb|UÙ :vÅd" ‰WÖœ

.3∫UM¶ãWëñ…œ UïUMO£Nº! s:|W¶Åñ«œ «bO|uÇ :ÈœW< s:ONO<œAl ËMgË ÊUîUz Uïdë X<Ëñœ œ

ÊUÑ ˛ „WL:Oë UïËu§KÅ :ÈñU!ñ…œ XMOîœ í<ñW! :v! „…ñUO<dÄ ÊUMOzñUJ! WM"UÙœ «œ ÊôW$Wî

U| ñWÖWz® UïUMOzñUJ! UO¶<Ëñœ ˛ Èó:|ËWz U|ñWJ:O"ñUë Ë «b:OïUM:Oì :vî…œœ «b:Oïñ«u8 ‰WÖœ Ê«œœUî

X:OÅœ uë ©5Ç® ŒW" Uïñ«u8 Ê«ËWz ©XO! ñWJ:O"ñUë » U| ÊU| XO! UH0 ÊU| XO! ÊU|e!

 :vïUîUz ‰WÖœMg/Al  ø†WJ! vJ:OìñUë

 „…ñUO<dÄ bïWÇ
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• s:O|«“…ñUÅ UïdëWÅWÖ Æv¶fiï«“ UMOìuJ:Oì

• v¶fiï«“ UJ:|ñX:|œñUJ! ÆsMOzœ tº! Ë ó:|ñœËd|œ UëWMOìuJ:Oì UïUA:Oë WA8Wï :u!

• UM¶<«ñUÄ Ë †Wëb:Oì d"ñuë WÑ ÈË UÙW~M|ó! v!U"uè Uï«b:|dÖWç:OÄÆ†Wëœ ÈË :vO"UÙ«œ

•ÊËu§|dO~:OÄÊUÙW~OèU" Ë ÁWÖñUë :u! ÈWÑñ…œ s:Oï«œñW< :vî…œœ WÑ :vO"Wîö< s:|ñUÖ˛uîUz »

 ÆUïU‹Å:u8Wï

•Uïdëñ…œs:|ñUO<dÄ  ÆWç|… :̨ËdÄ :v"W!U! » 5|«b:|dÖ :uë

• È“U<WAOÄ s:|“UÖ :vO"UÙ ÂWÙñW! :v|…ñU!WèW|«b:|dÖÆÈñËu!Uz U|WÅWÖ UO|«dJ:O" Ë :vïdëñUJ!

• «œW"UÙW~M|˛ s:O|“U<WAOÄ s:|“UÖ s|d¶~ïdÖÆWJ!ñUî˛WÙ s|WÙ

• «œW" UÙW~M|˛ œ È“U<WAOÄ s:|“UÖ UïUMOzñUJ! Ë :vïdë…œUîUz s:OJ:|ñÆ†WëœñU|œ

• Ê«Ë UM"d~ìWÙ Ë Ê«Ë UM"dÖ«œ Ë È“U<WAOÄ s:|“UÖ Uïdë Âuë :vÑUO!œ s:O|WÅ«uM! s:OMOï«e:OÄ†Wëœ Â:uëË

 ÆXOfi:Oçïœ

• Æ«b|dëñU|œ s:O|…u:OÅ Ë W¶A8œ XO‹:Ozœ p:|ñ UMOï«e:OÄ

• U|WA8WïFlow Charts s:|“UÖ Uïdë…œUîUz :u!ÆXOïœ «œ È“U<WAOÄ

• ÈdëñU|œ s:|ñWçOÄ ñ:uÖ ‰ v¶fiï«“ UëW"ñ:uÄ«ñ ÆXOfi:Oçïœ

ñW< UïuÇ ‰WÖœ Ë :vïdëWÅWÖ È˛WÙ ¨Êbï«ñ“Wî«œ W¶O§"UÙ È“U<WAOÄ UïUMOz ÂWÙñW! ñWfiì U|ñËu!Uz ËWz

 Æ:vM|«œ :Èœu8 s:|ËWz :È“Ë s:OJÑUÇ ñW< vîWÙ Ê«u! †«ñULOz U"WìË…œ ÆÊU~ïW¶<Uz U|ñU~MÙñW! Ë WOOî…œ

s:|…œœUî Ê«Ë ˛ p:Oz e:ON! :v|“U<WAOÄ :vë…ñu!Uz UïUï«œ :u! WÑWÙñW! U| uë W|U"WìË…œ Ê«Ë ˛ p:Oz

WM|“U<WAOÄ s:|“UÖ È˛ËWz ÊUï«œ W¶:ON! ñWfiì uë È“U<WAOÄ UëWM|ñWÄ«ñ ñWÙ :u! WOÑb:OÄ uë ÈWÅ«uM!

:v|…ñU!Wè «e:ON! UëWïUAOï «b:OëW"ô…Ë ñWÙœ Ê«Ë s:OïdëñUë Ë È“U<WAOÄ s:|“UÖ UïUMOz ÂWÙñW! vJïuÇ

UïdëWÅWÖ :v|…œ«ñ UïUAOï vM<Uz UïdëñUë vë…Ë ñWÙ vîUîW¶! ¨W| v"ôË ÈË U|“U<WAOÄ UïdëWÅWÖ

 ÆWO|“U<WAOÄ

U<…ËñWÙ ÆWKÅ UMOºfië:uz UïUMOz ÂWÙñW! Ë ÊôWìËuì U|“U<WAOÄ s:|WçA:OÄ s:|e:|ñ ˛ †«ñULOz U"WìË…œ

 :ÈñW§îWÑuïœ ¨«b:|ñWÑ…œœ s"ñUî˛WÙ W¶:OÙœ :È“UÖ :v|óO"«d¶< :vë…bïW§ìW02005U"ôWÙ :̨Ëñ U|WìWîuë «œ

 ò Èñ«bÅuï Ëœdë X<…œ s:|“UÖ U|“U<WAOÄ :u! X<«ñWÑUïMEGA…dë ÈW!Ëœ ÈbïUÙWÖ«ñ å

 Æ:ÈË :ÈbïW§ìWî

 È… :̨ËdÄ s:O$UîUz

 :vïUMO£Nº! s:OïUAOï

 vëWA:OÄ

 v¶fiï«“ :È :̨ËdÄ

GS°à≤ü°ÉA GEfàÉê Gd̈ÉRGä Gdü°æÉY«á
hGS°à¡Óc¡É ‘ H«Äá Gd£ÉdÖ

ÂWÙñW! ©¡UBI¶<≈® ñWfiì ÊUMOï«e:OÄ UïdJîuë

UM¶ãWëñUë ˛ Ë È“U<WAOÄ s:|“UÖ UïUMOz

Æ«œ v!U"uè UÙW~M|˛œ Ê«Ë ©UïUMOzñUJ!®
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Ë ÈUèW< :v|U! vë…Ë ¨sÑWëœ X<…œ v¶Å:Ëd< s:OOïUë:ËñW< ˛ uë Ê“UÖ ËWz ¨œdë X<…œ s:|“UÖ

È˛ s|d¶~ïdÖ Ë «bO|“U<WAOÄ U|d¶Äœ ÊUï«œ WM:OÙœ @ïdÖ s:O|U"…ñW< s:O¶<…ñWJ! Æv¶ÅËd< «“UÖ

Ë Ê:uÖñWz Ë 5KO¶<Wz Ë Ê:u!ñUë ÈbOfiJzuï«Ëœ Ë 53:Ëñb|UÙ Ë 5ºfië:uz Ë 53:Ëd¶|Uï «“UÖ

® :v¶A8 Ë Ê:uOï1X<…œ ©v|U!® v|«ËWÙ ˛ uë Æ†«…œœUAOï È“U<WAOÄ s:|“UÖ ËWz s|d¶~ïdÖ ©

 ÆÈU! :u! Èñ:u3 Ë È;d! UïdëWÑ:ËdÅ «ñU|dë UJ:|d! È˛ ËWz ÆsÑWëœ

 È“U<WAOÄ s:|“UÖ

® :v¶A81Ê«Ë UïËu! U|…ó:|ñ Ë s|WÙ «œ v|UèW< :v|U! ˛ s:|“UÖ ËWz ©

:v¶<ñU! U| ÈœW< U|…ó:|ñ  s:ONJ:OÄ

  ÊUßOî

 ÊUßOz

 ÊUÄËdÄ

 ÊU"uO!

 ÊU"uO!:Ëe|Uz

 53:Ëd¶|Uï

 Êu!ñUë ÈbOfiëuï«Ëœ

60-95%

2-15%

1-10%

0-4%

0-4%

0-15%

0-5%

U|œW< U|…ó:|ñ

 ÈW¶<ñU!

U|œW< U|…ó:|ñ

È…ñU!Wè

 “UÖ

 53:Ëd¶|Uï

 5ºfiëuz

 Ê:uÖñWz

 Ê:u!ñUë ÈbOfië:uï«Ëœ

 Ê:uOï

 Â:uOKOÙ

 Ê:u¶á|dë

 53:Ëñb|UÙ

 Ê:uM|“

78.08 

8.7 * 10-6

20.95  

0.93  

0.038  

0.0018  

0.0005  

0.0001  

0.00005

0.00004

75.47

23.20

1.28

0.0590

0.0012

0.00007

0.0003

N2

O2

Ar

CO2

Ne

He

Kr

H2

Xe

28.01

32.00

39.95

44.01

20.18

4.00

83.80

2.02

131.30

:vÖu:OÅ

 v|UOLOë

:v¶<ñU!

vìuî

® :v¶A82sÑWëœ X<…œ v¶ÅËd< «“UÖ ˛ uë œdë X<…œ s:|“UÖ ËWz s|d¶~ïdÖ ©

 ÆÊ«Ë UïËu! U|…ó:|ñ Ë

Negligible
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5<UOï WM:OÙœ s:|ËWz œdë X<…œ s:|“UÖ :ÈñU!ñ…œ WïUMOï«e:OÄ s:|ñ…b:|˛ uë @ïdÖ s:|W~ìW! Ê«Ë ˛

 ÆWÑ v¶ÅËd< «“UÖ s:OîWÙñW! » WM|«b:|dÖ uë Wï…œœUî ËWz :vO"Wîö< s:OîUïUÖU£!

Maerial Saftey Data Sheet (MSDS) For Industrial Gas Products UIG- MSDS.Ê«Ë˛

öÄ Ë †WK8U< Ë :vM"UNJ:OÄ :vÑUO!œ 5MO! WÑ:u8 X<…œ @ïdÖ s:OMOï«e:OÄ 5:OÅœ ÊUîUïW~ìW!

Ë :vM¶<UÙuÖWÑ s:OïËu!«d:OÄ Ë :vOOëôUÇ öÄ Ë v|UOLOë Ë v|U|eOã s:O"WK8U< Ë :vïËu!dÙ…˛

:vî…œœ 5â! í|Ëœ ‰ WOÑb:OÄ :vëñWz s:Oë…œW| ˜Wz Ë vA|U<Uz UïdëñUÖ“ñ:u8 Ë :vM"d~ìWÙ

  Æ«bï«œœUî ÊUÑ ‰WÖœ 7ãWJJ:OÑ

Ë ÊUÙWÖñUë vë…Ë ˜…œ Ê«“UÖ UïdëñUë Ë ÊUMOz ÂWÙñW! s:ON3 Uï«œ…ñW< «b|… :̨ËdÄ vÑœ “«u8d:Oã

» ¨Ë ÊUN3 ÊUÑ UO"Wîö< s:O|ULM:|ñ » XO!dO~:OÄ ÆvìuÅ s:ON3 Ë ÊUïU‹Å:u8Wï Ë ÊUÙW~OèU"

ÊUMOz ÂWÙñW! s:OÑU~M:OÄ í|Ëbì “«u8d:Oã ÆvN3 ÈË s:|ñ:uáfi! Ë ÈñWïuN8 s:OïW|ô U|bïW! ‰UÑWÙ

Ë †WJ! ÊUN3 ÊUÑ s:O|ñWïuÙ s:OïW|ô ˛ :vMOì:uJ:Oì s:|ñUO<dÄ Ë XOÑWJ! Ê«“UÖ Ê«ËWz UïdëñUë Ë

 ÆåÊ…b! vJ:|ñ ñ«b|bï…u|WÄ s:OïW|ô ñWÖWzò †WJ!W~ìW! s"dÖWM:|Ë Ë XOfi:OçM!

s:OïËu!«d:OÄ Ë UïdëñU§Là Ë v"dÖ«œ :v8:ËœËñU! :ÈñU!ñ…œ «ñUO<dÄ “«u8d:Oã uë ¨ÊdëW¶:OÙœ vMO§A:OÄ

«b:OïU|˛œ «œ «œu3 s:OÑUO!œ Ê«Ë UïUMOzñUJ! Ë Ê«“UÖ ÊUÑ UïUMOz ÂWÙñW! » WM|«b:|dÖ uë :vO"Wîö<

:Èœ “«u8d:Oã :ÈbïWÇ :vÑ v¶AÄ ¨†WJ! v¶fiï«“ s:OMOì:uJ:Oì Ë :vOJA|eÄ Ë :v|“U<WAOÄ vë…Ë

«ñ:u" Ë Ê«ñUÑ:uÖ Ë ÊUëËu"ñWÄ vë…Ë ÈñUOï«“ s:|ñ…b:|˛ Ë «bï«“UÖ ÊUÑ :ÈñU!ñ…œ ÊUMOï«e:OÄ „WìWÖ

Æ†Wëœ Âuë «bïUëW<U! ñW! s:|“UÖ :vÑUO!œ Èñ:uO" :vëWÑuÇñUÇ Uïdë X<Ëñœ :u! ÊUMOï«e:OÄ

È…ñU!ñ…œ †WJ!…œUîUz v¶fiï«“ s:O"ñ:uÄ«ñ ÈñUë s:Oî:uë Êdë W¶:OÙœ vMO§A:OÄ «b|… :̨ËdÄ UJOÙU1Ëœ

œ Ê…b! Ê«“«u8d:Oã UAOï «œ:u3 s:|ñUë s:OÅœ ÈñUë s:OLO" Æ:vMOì:uJ:Oì Ë :vïËuÇ n|…bì U|W¶8:uÄ

 ® ©ñUMOLO<® ;ñ:uë :Èu:OA! «b:Oïbï«u8 :È“…Ë UJOÙU1ËœSeminar Æ©

∫È“ñ…Ë UOÙ«ó:|ñb! ÊUï«œ WM:OÙœ :u! ÊUï«Ë s:OÅW! :v< v¶fiï«“ :v|… :̨ËdÄ

∫:vJ:Oz «dÙW!

.1Æ†WëœœñU|œ Ê«“«u8d:Oã :u! v8W|U! Ë ZïUîñUz U¶<:uîUî

.2ñUë s:OLO" » W|WÙ Èbï…u|WÄ uë †Wëœ f4W! Ê«Ë ‰WÖœ ÊU|ULM:|ñ Ê«ËWz Ê«“«u8d:Oã ‰WÖœ

 ÆñWfiJ:Oz s:Oï«œ …ñW< :u! Êdë ÊUAOï X<…œ WMO"UÙ uë s:ON3 ËWz Ë

.3® ˛ Ë †Wëœ ñU|œ ”UOïñW! s:|œdë X<…œ s:|“UÖ bïWÇ :vìWî:uëñWÙ :u!3 Æs!Wï d"…b:|“ ©

∫:ÈËËœ «dÙW!

.1Ë ÊUï«œ…ñWfi! WïWÙ Èbï…u|WÄ uë :vO"Wîö< s:O|ULM:|ñ Ë dO~:OÄ Ê«ËWz «œ ÊUO!U"uè ‰WÖœ

:vïËuÇ í|Ëœ s:|ñUO<dÄ Ê«ËWz Ë Êdë Âuë WM:ON! X:OÑœ †Wëœ ÊUMOï«e:OÄ Ê«ËWz UO¶ÅËd<

ÆÊWëœ WÅW~ïWÖ ÊWJ! s:OÅœ uë WM|«œ p:|ñuë vM:|Ë

.2 :v|“U<WA8Wï ©:vïË…ñ® «œ ÊUO!U"uè ‰WÖœFlow CartsUïdëñUë Ë ÊUMOz ÂWÙñW! » WMOÑb:OÄ uë

ÆÊWëœ WÅW~ïWÖ v¶ÅËd< «“UÖ

∫:vO< «dÙW!

∫†Wëœ †ñuë «œWïUÑWz œ U¶<:uîUî Ë s! :Èœ ÊUï«œ…ñW< v¶AÄ UOOÙU1Ëœ d¶Ä «ñU!

.1 ÆÊ«œUAOï W¶:ON! vîUîW" » Ë v¶fiï«“ U"ñ:uÄ«ñ UMOfiOçï Ë ÊUMOï«e:OÄ UM¶fi‹J:|ñ

 Æ†…œœ ÈñUë U"Ë…;ñ UïËuâç|Ëœ » :v|ó:|ñœ «œ ÊUî:uë ‰WÖœ U¶<:uîUî ≠

 ≠s:OÙœñUJ! ©v¶fiï«“ :È :̨ËdÄ «ñUî:u"® ÊUM:OÙ«ñ Ë ÊUOëôUÇ UëËu"ñWÄœ s:|WïËu/ ËWz

 Æ«b|… :̨ËdÄ UïbïU~ïWfiìWÙ Ë ÊUMO£Nº! Ë U|“U<WA8Wïœ

 … :̨ËdÄ
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 :vïUMO£N3 s:OïUAOï

 vëWA:OÄ

  v"Wîö<

 UïdJOèU"4

• :ÈñU!Wè2OÆÊUçOÄ W¶:ON:|œ Â:uO<U":uÄ v"«ñ:uKë :v|dëñU|œ :vëW¶<ñU! UïUÅ…uìWNJ:Oì ˛ ÈËu!«b|WÄ :v|

• s:Oì:uî U|…ñUî˛2O ÆWMO§! Â:uO<U":uÄ v"«ñ:uKë :v|dëñU|œ :vëW¶<ñU! UïUÅ…uìWNJ:Oì ˛ ÈËu!«b|WÄ :v|

• UïU¶<WÄ WÅW!2O UOOîñWÖ öÄœ pAÙ :v|ÆWMO§! «b|dëñU|œ

\•® Ê«“UÖ :Èd~:O3R ©ÆWMO!

•®R® ‰WÖœ v¶|œ :v| ©R® Û ¨ » œ ÈdëbM<WÄ ©STP ÆWJ!œñË«ñW! «œ ©

 «“UÖ Ë XOÅ…Ë…bìWÙ p:Oì :vOîñWÖW! Â:uO<U":uÄ :v"«ñ:uKë2O ∫:vA:OëËUÙ :vÑ ñ:uÖ ‰ ¨XO!œ «b|WÄ

22KCl + 3OΔ→32KClO

UMOºfiëuz :v|…ñU!Wè Ë Êdë ÂñWÖ W¶:OÙœ Â:uO<U":uÄ v"«ñ:uKë :v|dëñU|œ :vëW¶<ñU! ¨«b:OïdJOèU" :vÑœ

 vëW¶<ñU! UïbïUÅ…uìWÙ p:Oìœ ÈËu! «b|WÄ3 KClOvèU" :vî…œœ ¨ÊdëñU|œ W¶:OÙœ ÈdëñU|œ

Ë ÆÊdëñUî:u" WM:OÙ :Èœ «b:OïdJOèU" UOOîñWÖ öÄœ :vÑUz U*WÙ UïU¶<WÄ Ë v|UèW< ÊU¶<WÄ «b:Oïdë

® s:OÅœ pAÙ UMOºfië:uz UïU¶<WÄ vÅUÄnRT =PV® :v|UÙW! UM¶|œWÑ :u! sMO!ñUJ! ©R Æ©

WJ! ÊUJK3 Ë ˜UÇ UM¶<«ñUÄ :u! :vÙW~OèU" UJÅuëñW! Ë ÊUÑUÇ UM¶<ñUÄ s:OJÑUÇñW! Uî…œ vîWÙ

 Æ:u8ñW!

…ó:O! Ë :uA! ¨ÊUîWç:OÄ ÊU| Ë :vM¶AÙWÖ W" s:OJK3 ÊU| W" :v¶<…œ ñWÖWz ¨v|UOLOë s:|…œœUî ı …œWï X<…œ

 Æ:u8 v|U¶<:uîUî

 Æ…b§:|dÖ ÊUÄ Ë Á…dã s:OJK3 ¨vMOzœñUJ! s|eïW! :v|«dÇ uë :vî…œ

 ÆWJ! ÈU¶<:uîUî È“UÖ X| ;̨ñœ v|UOLOë :vë…œœUî ñWÙ :vî…œ ‰

Mù°ÉÜ KÉHâ Gd̈ÉRGä {Rz Yª∏«vÉ ò Ê«“UÖ :Èd~:O3 UM¶|œWÑR ñU|dJ! å
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d:OîUz Ë …œœUî

  ÈñUë UJ:|ñ

•g 2 ÆÂ:uO<U":uÄ v"«ñ:uKë•ÆÊuë ËËœ :vOJO¶<ô :vëWäU!Wè

•Æ:vïdJOèU" UëW|ñ:u!•ÆÊuë p:Oz :vJO¶<ô :vëWäU!Wè

• ÆfJ:|d:|UÄ•U|ñ:u! UM¶fi8«œ :u! v¶ÅUçÖ UëWJ<WÖ

 ÆvJO¶<ô

•Ænì:ËË UëWAOÅ ÊU| Èd¶Oì p:Oz UëWAOÅ•Æ„Ëuâ! :v|WAOÅ vë…ñWJO!

• ÈWAOÅ :ÈñWJO!Lm 008 ÆÈ•Ævï:Ëd¶JìWz UëW|“«d"

•Æ@ïW" Ë ˜«ñ“ U| :vïbïUÙWÖ UëW|ñ:u!•Æv|«eïUë s:|d~ìWÙ

• ÆÈË X:OìWÄuìWë ‰WÖœ Ë ÊeïW! U|ñ:uÖ :v|«dÇ

.1¨XO!Wï :vïdJOèU" U|ñ:u! :vM¶! ÆWJ! Âuë WçJ:OÄ Ê«œUAOï WO"UÙ «œ ©√® :Èu:OÅœ :v|UÖ“…œ ËWz

:vAOÅ Ë ÈñWJO! ˛ p:Oz ñWÙ œ Ê«œUAOï WMO"UÙ «œWM:|Ëœ uë :v¶<Uz ÈË U"WÙ :vJ! :vÑUz

UÑUz ¨s"dÖ WM:ON! :vÄ :vïdJOèU" UO|ñ:u! uë vJO¶<öÄ :väU!Wè ˜Uïœ WMO‹:O" ˜«ñ“ U|ñ:u! :vî…œ

 Æ:vM|dfiOKÖ „Wï WMO!ñUJ! vMÙËœ „…Ë

.2 ® ˜«ñ“ UO|ñ:u!F ® UOJO¶<ô U|ñ:u!œ Èb:OÙ UëWïdë íÄ UJ:|d! È˛ËWz :̈vÑUz ˛ WJ!;dÄ ©B©

 ® :ÈñWJO! «œD ® UO|ñ:u!œ v|U! s:OIK! UM¶fi‹:Ozñ…œ :u! WJ! Âeï Ë bMK! ©FvÅUÄ ¨«œ ©

˛ :u! ;dÄ WAOÅ :vî…œœ ¨«b|ñWJO!œ «ËWz …d~! vJO¶<ô UO|ñ:u! ©fáOKë® v¶ÅUçÖ UJ<W~!

 ® UO|ñu§! ˜Uz XO!Uï :vÑUzBU|ñ:u! «ñW! ˜Uïœ ÂUîW" UëWO|ñËœ WOÑb:OÄ U<…ËñWÙ ¨XOÑWJ! ©

 ®F ÆÊö:OÙ W¶:ON! :vAOÅ :vM! Ë ©

.3 vî:uO<U":uÄ :v"«ñ:uKë „…bMÙ2 gUëWO|ñ:u! WJ!

Ë ôUÑ :vë…ñWJO! ˜Uïœ :vO|ñ:u! Ë :vïdJOèU"

«œ ©»® :Èu:OÅœ „…Ë …d:Ofi! ¸WÙ «bJ|uâ!

WçJ:OÄ Â:uO<U":uÄ v"«ñ:uKë Ë ÈdJO! Ë :v|ñ:u!

vÙ…œ s:O|WïU8 :v< :u! Ê«Ë U|W¶<ñU! Ë WA:OJ!

 ÆWJ!ñUî:u"

©√® :Èu:OÅ

©»® :Èu:OÅ

UïdJOèU" U|ñu!

fJ:|d|UÄ

B

C

D

E

F
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ÊdëñUÖ“ñ :u8 Ë ÊdëóèUÄ

ÊUJ|UîñW! ˛

.4UÅ:u~! ‰U8 :vë…ñ:uº! p:Oz WMOÙW~! ÈUÖ“…œ :v|Uî ‰WÖœ «b:O" †«ñ:uKë UïdJOèU" U|ñ:u! ËWz

30ºCX<«ñ XAÄ :vïdë ÂñWÖ ÈñW! ÆÊ«œ ÊUAOï WO"UÙ ©√® :Èu:OÅœ „…Ë XOMO! p:OÄ WKÄ

v¶ÅUçÖ Ufi§OKë :ÈbïWÇ :vÑ UïUMO£Nº! :u! ¨WM|«b:|dÖœ WçJ:OÄ bïu¶! v|UÖ“…œ s:|WÇñUÄ uë W!

‘U! Ë v|WÙ U| „WîW¶fiO< Uï«b:|dÖ WçJ:OÄ p:Oz ˛ uJïUz ¨XO!Wï«d:|œ ˜Uz ñWÖWÙ ¨WëWÑ

 ÆÊbïUÙWÖ WO"UÙWï

.5©f§OKë® v¶ÅUçÖ UJ<UÖ UïdëWç! v|UèW< UïU¶<Wá! WJ! ÊUfiëW| «b:OAOÅ ˜Uïœ UïU¶<WÄ

® :ÈñWJO! UïdëbMK! vÅUÄB¨XOÙb:Oì ˜WÙ „…Ë «b:OAOÅ Ë ñWJO!œ :vÑUz :v¶<Uz uëU" ©

® :ÈñWJO!œ UÑUz ˛ :u8 Ë …d~! v¶ÅUçÖ UJ<UÖDÆWë ”ö8 ©

 ∫vMO§:O"Æ«b|ñWJO! UÑUz ˜Uïœ vK:ON! vîuIM! ˜«ñ“ UO|ñ:u! WOÑb:OÄ ¨ÈñWJO! Uïbï«óÙ :vî…œœ

.6:u! ÈñW<˛ ¨WJ! ÂñWÖ :vïdJOèU" UO|ñ:u! ÈñUOAN! Ë WëWÑ ©f§OKë® v¶ÅUçÖ UJ<WÖ

 :vî…œ :u! :̈ÈñU815W¶OÇ Wï †«ñ:uKë :ÈbMÙ :u! W! bïu" UïdJîñWÖ Èñ«œWÖUz ¨UëWì:u8

® :ÈñWJO! ˜Uïœ W|uÇ UÑUz «;d! vîWÙ ¨«œ vJO¶<ô :väU!Wè ˜UïœDÂñWÖ :vî…œœ …e:|ñUá! «œ ©

 Æ«b:Oïdë

 ∫vMO§:O"UJ:OÄ X<…œ ¨WMO¶<…Ë«ñ :vïdë ÂñWÖ ¨«b:OïdJOèU" UO|ñ:u! ˜Uïœ :v*WÙ UïËu!«b|WÄ :vÑUO!œ

® :ÈñWJO! :u! :vÑUz UM|ñWÄñ…œD® UO|ñ:u! :ÈñW< uë W! X<«ñ XAÄ ©FÆWÑUz d:|˛ :v| U¶A:OÙ ©

.7v¶ÅUçÖ UJ<UÖ Uïö:OÙ ‰WÖœ ¨©:vãdä® :ÈñËË˛ UOOîñWÖ öÄ uë U" XO!ñU< UÖ“…œ uë WK:ON!

«d! ¨v|UèW< ÊU¶<WÄ » WJ! ÊUfiëW| vA:OÅ ˜Uï UïU¶<WÄ ¨XO! ÈdëWÑ U| ©f§OKë®

® :ÈñWJO! Uïbï«óÙD Æ…d~! :vfi§OKë vÅUÄ ©

.8:vO|ñ:u! U|W¶<ñU! vÅUÄ Æ:u8 » „Ëuâ! :ÈñWJO! …d:OfiáìWÙ WëWÑ ÈUÖ“…œ ˛ :vïdJOèU" UO|ñu!

ÈW¶<ñU! Ë vÙ…œ s:O|WïU8 :v< :u! WJ! p|e:Oï Ë WA:OJ! ÈñWJO! Ë ÈË Uë:ËñWÑUï Ë

 ÆWfiOçM! «b|W¶A8œ

.9Ë WçOá! :vOîñWÖ öÄ Ë WJ! ÂËuIï «b:OÑUzœ :vOîñWÖ :vë…ñWçOÄ Ë WëWÑ :vO|ñ:u! ˛ väU!Wè

UïU¶<WÄ :v|W¶A8 :u! …dÑe! Ë …dÖñ…Ë vçOÄ ÊU¶<WÄ » v|UèW< UïU¶<WÄ ¨WfiOçM! «b|W¶A8œ

 ÆWJ!ñU|œ :ÈË UïU¶<WÄ «b:OÙW~OèU" UOOîñWÖ öÄœ :vÑUz U*WÙ

.10® :ÈñWJO! œ :uë WçOá! :vÑUz :ÈË :v|…ñU!WèDÈdëöÄ UëWO|ñ:u! W|WJ!uë UJ:|d! ¨W|Ëu! Â:uë «œ ©

 :u! Ë WM|u‹! È…ñU!Wè Ë0.1 mL˛ :vëWM|d!ñ…œ vë…Ë WfiOçM! «œ ÊUMOï«e:OÄ :v|W¶A8œ vÅUÄ Ë

 «“UÖ :v|…ñU!Wè2OÆÂ:uO<U":uÄ :v"«ñ:uKë UïbïUÅ…uìWÙœ ©v"UÙ p:OÄ® X|ñWÄñ…œ

.11œ Ê«Ë UïbïôW4 » WJ!ñUÖ“ñ «b:OïdJOèU" UO|ñ:u!œ v|Uî s:|…œœUî Ê«Ë ˛ :u8

Æ«œ ÊUJ|UîñW! UJìW<œ W|d:OÑUÙWï ¨ñ:Ë“ UëWÑU£! 7AOÅ WM:ON! Ë «b:Oëd!
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  ÈñUëñUî˛.1 ∫WMO§! ÈËu!«b|WÄ UMOºfië:uz s:Oì:uî U|…ñUî˛

.2 :v|UÙW!R ∫U|bï…u|WÄ œ ÊUï«bìUÄ ¨WMO§!nRT =PV

.3® :v|UÙW! vï«e! ñWÖWz ñ…œWMO§! ©:vOÅUÅ® :vO"WìW8 U|œW< U|…ó:|ñR W¶O!œ bM<WÄ U| ©

0.0821 atm•L/mol•K Æ

4.2

42.6

20.0

755

17.5

17.5

17.5

17.5

g

g

g

torr

ºC

torr

torr

mL

ÊUMOï«e:OÄ :v|W¶A8

v"«ñ:uKë Ë „Ëuâ! :ÈñWJO! Ë :vïdJOèU" U|ñ:u! :v|W¶<ñU!

® Â:uO<U":uÄ1m ©

v¶AÄ Ë :ÈË Uë:ËñWÑUï Ë :vïdJOèU" UO|ñ:u! :v|W¶<ñU!

 ® „Ëuâ! :ÈñWJO! Ë :vïUÅ…uìWNJ:Oì2m©

  ® ÈËu!«b|WÄ UMOºfiëuz U|W¶<ñU!1 – m2m ©

 ÈUèW< UïU¶<WÄ

:vÙW~OèU" UOOîñWÖ öÄ

√ :v|W¶A8® «œ :vïdJOèU" UOOîñWÖ öÄœ :vÑUz U*WÙ UïU¶<WÄ6©

 pAÙ UMOºfië:uz UïU¶<WÄ

ÈËu!«b|WÄ UMOºfië:uz «“UÖ :v|…ñU!Wè
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  :vïUMO£Nº! s:OïUAOï

  vëWA:OÄ

ÊdëñUÖ“ñ :u8 Ë ÊdëóèUÄ

ÊUJ|UîñW! ˛

 UïdJOèU"5

• Æ«b:|dãW! UM|˛uÙ u! :vî…œœ vÑUz vëW¶<ñU! UOOîñWÖ öÄ UM|ñ:uÙuÖ UïUçOÄ

•Æv¶ãWëñ…œ «œ :vOOîñWÖ öÄ UM|ñ:uÙ:uÖ ‰WÖœ UOOîñWÖ «“Ë UïUçOÄ

• Æ:ÈdãW! UëWì:uî UïdJìW4 :u! vÑb:OÄ UOOîñWÖ «“Ë UïdëñU|œ

 ® «b:OîñWÖ öÄ ÊUîWÙ œ ˜Uz0ºCUM|˛uÙ u! vÑb:OÄ UOOîñWÖ «“Ë ÆXO!œ ‰W4 Ë 7<W! W¶:OÙœ ©

uë …“Ë ËWz ñWÙ È˛ ËWz :̈vM|˛uÙ u! UOOîñWÖ Wì:uî …ËWz ¨«b:OM|˛uÙ u! öÄ œ :ÈdãW! UëWì:uî

W :̆uî :ÈbMÙ ñW!˛ ¨©œWîW3® 7<W! W¶:OÙœ :vÑUz UëWì:uî :vî…œœ Ê«ñW!ËñË…œ :u! X:OÑWëœñ…œ

uë ˜ôW!ñW! UëW| ¨v|…œœUî ÈË UëWìuî :u! WOÑb:OÄ UOOîñWÖ «;d! :vë…œœUî ñWÙ UM|˛uÙu! UOOîñWÖ

® ‰:uîØ‰u3 :uKOë È˛ ËWz ÊUMOzñUJ! W¶:OÙœkJ/mol ©

sN:O" UÑUz uë ÊbïôW4 W¶:OÙœ «bOMOKã :vëWïUîUzœ ©dãW!® :ÈœWîW3 UëWÇñUÄ ¨«b:OïdJOèU" :vÑœ

Ë :ÈdãW! U|WÅ«uM! U|W¶<ñU! UMOï«e! Ë ÊUçOÄ W¶:ON:|œ :vÑUz UOOîñWÖ öÄ UM|ñ:uÙuÖ Ë XO! «b:O" dOÅ

 Æñ…œWMOMO! :ÈdãW! UïUOìW4 UOOîñWÖ W :̆uî s:OÅœ :̈vÑUz UO|WÅ«uM! U|W¶<ñU!

:vO|bï…u|WÄ :vÑ X:OÑœ «b:OOîñWÖ UëWM|ñ:uÙuÖ ñWÙ ‰WÖœ ©UOOîñWÖ® U|…“Ë :ÈË «;d! UM¶|œWÑ :u!

TΔE = Cm uë®C Ë W|ñ:u3 UOOîñWÖm Ë W|W¶<ñU!TΔ Æ©W| :vOOîñWÖ öÄ UM|ñ:uÙuÖ

UM¶<«ñUÄ :u! :u8ñW! WJ! :vÙW~OèU" UJÅuëñW! :u8 s:OÑUÇñW! WJ! ñ…e:|ñUÄ X:OJÑUÇñW! Uî…œ vîWÙ

 ÆÊUÖñW! Ë q3 Ë ˜UÇ

…ó:O! ËuA! ÊUîWç:OÄ ÊU| :vM¶AÙWÖ W" s:OJK3 ÊU| W" :v¶<…œ ñWÖWz ¨v|UOLOë s:|…œœUî ı …œWï X<…œ

 Æv|U¶<:uîUî

 ÆW¶<W§! :u8 X:OK3 vMOzœñUJ! ÊeïW! :ÈdÖ :vî…œ ‰

 ÆWJ! v|U¶<:uîUî È“UÖ v|UOLOë vë…œœUî ñWÙ UM¶Åñ :vî…œœ

Æ«œ v|U<Uz :vA:OKÖ UJìW< ˜Uïœ Wï«œWï v¶<WJÅ s:OAOÅ

G◊ôGQI GŸƒd«á ’fü°¡ÉQ Gdã∏è :ÈdãW! ©ÊUOìW4® UM|˛uÙ u! UOOîñWÖ ô:uî
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 …d:OîUz Ë …œœUî

ÈñUë s:OJ:|ñ

 ÈñUëd:Oî˛

• :v|ñ:ËœWÄW" :vë…ñWJO!250 mL È• :vAOÅ Uï«œWçJ:O" :vìËu"

• Èdëñ«œWKÄ UëWO|ñ:u!100 mL  È•vM<Uz UëWï“U!

• v|WAOÅ :vë…ñWJO!400 mL È• :v|Wï ©d"Wîuîd#® íOÄ ÂñWÖ

•  ÈË s:OìWÄ:uìWë Ë ÊeïW! U|ñuÖ•® ˛ È…uO3100ºC-0 ©

• :vM"dÖ :vJ<WÖ• vM<Uz :vë…dÖ«ñ

•:ÈdãW! X:OKîuÖ• ÆXO! ·…“W8 bïWÑUï v|«eïUë Uë…ñ:u"

.1120 mL vJ|e:Oï U"WJ! ÂñWÖ :vÑUz ˛45ºC Æ«b|WAOÅ :vë…ñWJO!œ

.2 UïUçOÄ :u! WMO!ñUJ! ÈdëWKÄ UO|ñ:u! 100±1 mL:vë…ñWJO! ˜Uïœ WJ! ËdOÅ s:ON" UÑUz

 :u! WJ! p|e:Oï È…ñU!Wè Ë ÆWJ!ñUî:u" «œ ÊUMOï«e:OÄ :v¶A8œ ©5Kã® Èñ:ËœWÄW"1 mLöÄ Ë ¨

 vJ|e:Oï U"WÙ WJ! p|e:Oï :v|UÑUz UOOîñWÖ0.1ºC Æ

.3ÆXOMO0 Wç:OÄ UëWÑUz ñWÙ Uïö:OÙWï Ë :ÈdãW! s:OK¶îuÖ Uïbï«˛WÙ :u! WM:ON!ñUJ! :vM"dÖ UJ<UÖ

WMO!ñUJ! :vï«bJ:O" :vì u" ¨«b|ñ:ËœWÄW" :ÈñWJO!œ «dOÅ 5N:O" UÑUz ˜Uï«œ W‹:O! :ÈdãW! s:OK¶îuÖ

 W¶O!œ :vOîñWÖ öÄ U"WÙ «œ vìWJ:O"œ :vÑUz ËdãW! UïbïUçì :u!1ºC:vOOîñWÖ öÄ s|d¶îeï ¨

 :u! WJ! p|e:Oï Ë :v¶OÙWÖœ uë Wfi:OçM!0.1ºC Æ

.4˜Uïœ WMOâ! uë WK:ON! :ÈdãW! ‰WÖœ UÑUz Æv|UOìW4 Wï «dãW! UïdÖ«ñ :u! WMO!ñUJ! :vM"dÖ UJ<UÖ

 :u! WJ! p|e:Oï Ë WçOÄ » «bOMOKOã :ÈñWJO!œ UÑUz :ÈñU!Wè Æ«b|ñWJO!œ ‰ «œ :ÈdãW!1 mLË

  ÆWfi:OçM!

.5Ë Ê«Ë s:ON3 WM|dÑe! Ë WJ!óèUÄ U| «b:OÙW~OèU"œ :u8 :vN3 Ë ôWÄuìWë Ëd:OîUz vîWÙ

ÆvÑWëœñ…œ :vÙW~OèU" ˛ u" uë ÈñW! ËuA! ‘U! :u8 s:O¶<…œ

.1∫UMOï«e:OÄ UM¶fi‹J:|ñ ÆWMO!WÑ v|UOìW4 «dãW! ˛ Ë ÈËu!«b|WÄ UÑUz :v|…ñU!Wè

 ÈËu!«b|WÄ :ÈdãW! ˛ UÑUz :ÈñU!Wè
Ω

mL

ºC

ºC

mL

ÊUMOï«e:OÄ :v¶A8

dOÅ s:ONO"UÑUz :ÈñU!Wè

dOÅ s:ON:O" UÑUz UOOîñWÖ öÄ

:ÈdãW! Ë :vÑUz :vìWJ:O" UOîñWÖ öÄ s|d¶L:Oë

©ÈËu§KÅ® v|UOìW4 «dãW! Ë :vÑUz :ÈñU!Wè
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.2∫ÊUMOï«e:OÄ UM¶fi‹J:|ñWï«œ U<…Ë ¨ÈËu!«b|WÄ :ÈdãW! UïUOìW4 ˛ uë WJ!ñU|œ :vÑUz :ÈË U|W¶<ñU!

 ® :vÑUz U|;dÇ1.00 g/mLÆ…©

  Ω ÈËu§ìW4 «dãW! U|W¶<ñU!

.3∫ÊUMOï«e:OÄ UM¶fi‹J:|ñ ® :vOîñWÖ U|WKÄ UM|ñ:uÙuÖtΔ ÆWMO§! dOÅ sN:O" UÑUz È ©

tΔ Ω

.4∫ÊUMOï«e:OÄ UM¶fi‹J:|ñÆWJ!ñU|œ dOÅ sN:O" UÑUz :v|W¶<ñU!

    Ω dOÅ sN:O" UÑUz :v|W¶<ñU!

.5∫ÊUMOï«e:OÄ UM¶fi‹J:|ñ :vî…œœ WMO§! dOÅ s:ON:O" UÑUz ˛ vMÑWëñ…œ U|…“ËtΔ∫vMO§:O"® XO!œ ñU<WKÄ

® :vÑUz UO|ñ:u3 UOOîñWÖC W¶O!œ ©Cº*4.184 J/g©

  Ω v¶ÑWëñ…œ «“Ë

.6∫ÊUMOï«e:OÄ UM¶fi‹J:|ñÈËu§ìW4 «dãW! UëWî«dÖ ñWÙ :u! ¨dOÅ sN:O" UÑUz ˛ v¶ÑWëñ…œ «“Ë «;d!

ÆWMO§! ©v|UOìW4®

  Ω ÈËu§KÅ «dãW! Â«dÖ Øv¶ãWëñ…œ «“Ë

.7∫UO¶ãWëñ…œ ñWfiì ©ÊUMOzWÑ:ËdÖ® Ê«bïUAOïWOÑb:OÄ X:Oìu3 :uKOë «ñUî˛® :ÈdãW! UïUOìW4 UOOîñWÖ W :̆uî

ÆWMO§! ©:ÈdãW! ôuî p:Oz ©UïbïôW4® UïdJìW4 :u!

 Ω :vïUOìW4 UOOîñWÖ W :̆uî

.8∫ÊUO¶ãWëñ…œ UïbïU~ïWfiìWÙ W¶O!œ :ÈdãW! UïUOìW4 UOOîñWÖ W :̆uî :ÈbM<WÄ :v|UÙW!

6.02 kJs:| :vOÅUÅ s:|ñ…b:|˛ ø…bïWÇ :vO¶AÙWÖ u" :v|UÙW! ÈË œ :vOÅUÅ UO|œW< U|…ó:|ñ

  øWMÇ Èdë 5§A:OÄ
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.1∫Ê«ñeÙ UïdëWÑ:ËdÅUç<ñW! ø©«b:OïUOìW4® «b:OïËu§KÅ :vî…œœ X:OÙœ :ÈdãW! UMOçì «“Ë :ÈñWfi! ı

 ÆWJ!WÑ«ñ Èó:|ñb! :u8

.2∫Ê«ñeÙ UïdëWÑ:ËdÅUç<ñW! ø©«b:OïUOìW4® «b:OïËu§KÅ :vî…œœ X:OÙœ :ÈdãW! «“ËW"Uî :ÈñWfi! ı

ÆWJ!WÑ«ñ :u8

.1∫ÊU¶ãWëñ…œ UïUMO£Nº!bïWÇ ÊôUèW"dÄ s:|ñ«œ ¨Êdë W¶:OÙœ :vM¶<W! :ÈñU! :u! vMO§A:OÄ :vî…œœ

œWîW3® :vM¶<W! ˛ Ê«Ë UïñUë“ñ :u! „WÑU~M:OÄ vë…Ë ¨©ÊbïUÅ…ñ® ÊdëñW" WM:OÙœ :vÑU£! Uë…ñU3

ø©:vM|bîW3® :vM¶<W! ˛ :vìUèW"dÄ «ñ«œ UM¶<«ñUÄ ˛ †Wëœ :v|ñ«bÅW! ˜Uz WJ! ÊËËñ Æ©:vïËu!

„…ñUO<dÄ bïWÇ

v¶AÖ s:O¶ãWëñ…œ
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:vïUMO£Nº! s:OïUAOï

 åÈñUJ|«ñò

  vëWA:OÄ

 v"Wîö<

 UïdJOèU"6

• Æ«b:Oïbï«ñ:uK! :vî…œ ‰ «œ vKÅ s:|ñW!ËñË…œ ‰ sMO! :Èœ :vOîñWÖ öÄ UM|ñ:uÙuÖ

• Æ«œ Èdë ˜UÇñW! UOOîñWÖ öÄ ‰ UM|ñ:uÙuÖœ 7|œ W¶:OÙœ ÈËu!«b|WÄ «“Ë «;d!

•ÆÊdëñË«ñW! W¶:OÙœ «œ…“Ë W"Uî Ë :vMOçì «“Ë œ s|ñ:uÙuÖ ‰WÖœ «b:OOîñWÖ öÄœ UM|ñ:uÙ:uÖ

•Æ†WëœñU|œ vÑUz :vî:u|œ:u< :v"«œdÖuÖ:u|U# UëWî«dÖ ˛ ÈËu!«b|WÄ «“Ë

:ÈbMÙ :ÈË È˛WÑWz ÆXOMOîœ Èd~:Oº! ÈË UOOîñWÖ öÄ ¨s|ñ:uÙuÖ W¶:OÙœ vë…œœUî :v8:Ëœ :vî…œ

:vîu|œu< :vï«œuÖuÖuOK# vë…Ë :vë…œœUî :vî…œ v¶<«d! ¨WMOï «b:|“Ë œ s|ñ:uÙuÖ :uë XOMOÙWÖUï

 ® 7<W! W¶:OÙœ ©sÙËñ® qÅ :v| vÑUzO2•5H3O2S2Na:vî…œ Ê…œœ …“ËW"Uî qÅ s:|œñWÖ ©

…b:|“ „…Ë 7|œ W¶:OÙœ Æv|«œ «“ËW"Uî ˜Wz Æ‚…;ñ U|ñËuK! UM"UNJ:OÄ ˛ „WÇñUÄ :u! s|ñ:uÙuÖ W¶:OÙœ

Æ«b:OOîñWÖ öÄœ ÊËu!…b:|“ uJïUz ¨«œ Ê«ñW!ËñË…œ UMOçì «“Ë œ „WïËu!

«ñWëñU< ñË˛ öÅ UM|ñËuK! :vî…œœ ÊdëñU|œ W¶:ON:|œ ÈËu!«b|WÄ «“Ë «d! ¨«b:OïdJOèU" :vÑœ

:u! W" UMOï«e! ¨X|ó:Oî :Èœ :vOîñWÖ :vÑUz :vëW¶<ñU! Æ«œ vÑUz :vîu|œu< :vï«œdÖuÖu|U# :ÈœœUî

:v"«œdÖuÖu|U# UM|ñËuK! UOOîñWÖ :uë W|«œW" s:OïUOÅœ ¨«b:OOîñWÖ öÄ œ UM|ñ:uÙuÖ Ë :vÑUz U|W¶<ñU!

ÆvMO§! ÊUî«dÖØ‰u3 vÑUz :vîu|œu<

:u8ñW! WJ! ÊUJK3 Ë ˜UÇ UM¶<«ñUÄ :u! :vÙW~OèU" UJÅuëñW! Ë :vM¶<ñUÄ s:OJÑUÇñW! Uî…œ vîWÙ

 Æ©WMO!ñUJ!®

…ó:O! Ë uA! UîWç:OÄ ÊU| XãWë W" s:OJK3 ÊU| W" :v¶<…œ ñWÖWz Ë v|UOLOë s:|…œœUî êOÙ …œWï X<…œ

Æ:u8 :v|U¶<:uîUî

 Æ…b§:|dÖ WïUÄ Ë …dã s:OJKÇ ¨UMOzñUJ! W" ÊeïW! :v|«;dÇ :u"

 Æv|UOLOë :vë…œœUî ñWÙ UM¶Åñ :vî…œœ WJ! v|U¶<:uîUî È“UÖ

Æ«b|U<Uz :vA:OKÖ UJìW< ˜Uïœ 7:OÑUÙ WM:ON! XO!Uï v¶<WJÅ s:OAOÅ

MôGQI GdàÑ∏rƒQ:vM|ñËuK! UOOîñWÖ
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…d:OîUz Ë …œœUî

:vïdëñUë UJ:|ñ

ÊdëñUÖ“ñ :u8 Ë ÊdëóèUÄ

ÊUJ|UîñW! ˛

• ÈdëWKÄ UëWO|ñ:u!100 mL È• vM<Uz UëWëWìW8

• ÈWAOÅ s:|ñWJO!ËËœ400 mLÈ•O2 • 5H3O2S2Na

•ñUO¶<WÙ UëW|“«d"• ©dÖ«ñ® „…d~ìWÙ

• ÈË s:OìWÄuìWë Ë ÊeïW! U|ñ:uÖ• ©:v|ñuÖ UMOëUî® ŒñWÇ

• :v|ñ:ËœW!W" :vë…ñWJO!250 mL  È• :vÙW~OèU" UëWO|ñ:u!100 mm*25

• p<Wë•:vÙW~OèU" UO|ñ:u! vë…d~!

• ÈWAOÅ Uï«œWçJ:O" :vëWìËu"•2s!Wï È…uO3 X:|ñWçOÄ ÂñWÖ

• :ÈdãW! s:OK¶îuë• ·…“W8 bïWÑUï U| v|«eïUë Uë…ñu"

.1˛ WJ!dÄ Èœ :ÈñWJO! ¨WMO!ñUJ! vìWë UÑUîñWÖ ˜Uz „…Ë ÈWAOÅ s:|ñWJO! ËËœ ˛ p:Oz

  ÆX:OÙb:Oì :ÈñË˛ U| vë…Ë :ÈË UOOîñWÖ öÄ U"W4 WK:ON! Ë :vÑUzÊeïW! U|ñuÖ ÈñW! ∫Èñ«bÙWÖUz

Æ…dã s:OÖñW! Ë q3 Ë ó:|ñœ :vÇdÄ Uï«b:|dÖ ˛ W! X<«ñ XAÄ ¨vMO!ñUJ!

.2 vJ|e:Oï15 g ˛ WJ! p|e:Oï ¨WA:OJ! vÑUz :vî:u|œu< :v"«œdÖuÖu|U# :v|…œœUî0.1 gË

 ÆWfiOçM! «œ ÊUMOï«e:OÄ :v|W¶A8œ :v¶<ñU!

.3WJ! Âeï Èb:OÙ Èb:OÙ Ë WJ!d~:O3 Wç|d~ìWN! :v|ñ:u! :̈vÙW~OèU" UëW|ñ:u! …e:OÙuÖWÑ È…œœUî

 Æ«œ ˜Uïœ WJ! vëWçOÄ ÂñWÖ ÆvìWëUÑUîñWÖ UÑUz ˜Uï :u!

.4UOOîñWÖ öÄ uëU" WMOìWJ! :vÑUîñWÖ UÑUz Â«Ë…œñW! Ë XO§! qÅ ‚…ñ® :ÈœœUî WK:ON!

 W¶OÙWÖœ ÈËu! qÅ :vîu|œu< :vï«œdÖuÖuO#75ºC Æ

.5W" v~MÙ ÈñW! :ÈËWz :̈vÑUz :v| Èœ :ÈñWJO! :u! …e:OÙuÖWÑ ÈbïôWë UÑUz UÑUîñWÖ ˛ :vO|ñ:u!

® UÑU~M:OÄœ Èdë…œUîUz1Æ…œWçJ:O"Wï Ë WMOIKÅ Wï «b:O|ñ:u!œ :vKÅ ¨©

.6W‹:O! :ÈdãW! UëWÇñUÄ :̈vJ! :vOãWïW4 UÑUz ÈË :ÈñU!Wè ÈË UJO:O< U"W4 Èñ:ËœW!W" :ÈñWJO!

® «ñW! ˜Uïœ W¶OÙWÖœ :ÈË UOOîñWÖ öÄ uëU" WëñU< Ë ¨«œ ˜Uïœ10ºC h15ºCUO|ñ:u! Æ©

 «d! UïUçOÄ :u! WMO!ñUJ! ÈdëWKÄ75 mL«œ ÊUMOï«e:OÄ :v|W¶A8œ WJ!ñUî:u" Ë ÈdëñU< UÑUz

 :u! È…ñU!Wè UïdJ|e:OM!0.1 mL˛ ÈñWJO! Ë Wë ‰U"ñuè ÈUîWÑ «ËWz È“W" UÑUz ˛ :u8

ÆÈdë pAÙ :ÈñWJO! WJ! «b|dëWKÄ UO|ñ:u! œ U|ñU< UÑUz  ÆWëUÙËñ

.7 ˛ d"ñU8 :u! XO!œ Âeï :vî:u|œ:u< v"«œdÖuÖu|U# :vKÅ UOOîñWÖ öÄ :vî…œœ35ºCUO|ñ:u! ¨«œ

UÑUz ˜Uïœ Wï«œ ñWfiJ:Oz Ë WJ!bMK! :ÈñËË˛ vë…Ë :ÈË UOOîñWÖ öÄ :ÈñWJO! UÑUz ˜Uïœ

˜Uïœ W‹:O! Â:u|œ:u< :v"«œdÖuÖ:u|U# :vJÑUï Uë…ñ:uK! :vJ<UÖ UïUMOzñUJ! «œñU< UÑUîñWÖ

UO|d:|bÑUÇ Æ:vï«œWçJ:O" :v|WAOÅ :vìËu" UïUMOzñUJ! …œWçJ:O" ñU< UÑUz Â«Ë…œñW! Æ«b:O|ñ:u!

ÆWJ!ñUî:u" «b|W¶A8œ :u8 s:OOMO§:O" ¨«œ Ë WJ! :vÑUz UÑUîñWÖ UOOîñWÖ öÄœ :vM|ñ:u8

.8 :u! XO!dë p|e:OïË :v¶OÙWÖœ ñU< UÑUîñWÖ UÑUz öÄ s|d"bMK!ºC0.1Â…ñWî® WJ!ñUî:u"

  Æ©XO! vî:u|œ:u< v"UîËdJ|U#Wï

.9 ÆWJ!óèUÄ «b:OÙW~OèU"œ :u8 :vìuÅ s:ON3 Ë d:OîUz vîWÙ

UM¶Åñ Ë ÊUï«b! Wë ‰U"ñuè :v¶Kî…ñ Ë v|UOLOë ˛ :u8 Æ:ÈñW! s:O| Ê«Ë s:ON3 WM|dÑe! «dOîUz

s:Oë:u3œ WëWï ÊU¶î…ñ Ë ÊUO|UOLOë Ê«Ë ˛ ı ÆÊUï«œ WMO"UÙ uë ÆÊ«Ë s:O"W§|U" s:ON3œ Ê«Ë

˛ uë ÈñW! :uA! ‘U! :u8 s:O¶<…œ v|U¶<:uîUî UïËu§|“«ñ :v|«b|U<Uz :vA:OKÖ s:OJìW< Ë :vÑUz

  ÆÈñUë ˛ v!œ ”ö8 v¶AÄ Ë vÑWëœñ…œ :vÙW~OèU"
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 ÈñU|d:Oî˛.1∫ÊUMOï«e:OÄ UM¶fi‹J:|ñ «œñU< UÑUï ‰WÖœ :vÑUz UOOîñWÖ öÄ UM|ñuÙ:uÖtΔ Æñ…œWMO!

.2∫ÊUMOï«e:OÄ UM¶fi‹J:|ññ…œWMO§! ñU< UÑUz UÑUîñWÖ UJ:|d! ©v¶:Oî® v¶A:Oî U| :È©‰uº!® UOOîñWÖ

 ® Èñ:u3 UOOîñWÖ ∫vMO§:O"C ∫ W"Wëœ :vÑUz È© Cº•4.184 J/g©

.3∫ÊUO¶ãWëñ…œ ñWfiì ©ÊUMOzWÑ:ËdÖ® Ê«œUAOïUëWî«dÖ :È©‰uº!® v¶ãWëñ…œ UOOîñWÖ «d!

 ø…bïWÇ Â:u|œ:u< :v"«œdÖuÖu|U#

.4∫UO¶ãWëñ…œ UïbïU~ïWfiìWÙW"Wëœ vî:u|œ:u< :v"«œdÖuÖu|U# UM|ñËuK! UOOîñWÖ :ÈbM<WÄ :v|UÙW!

200 J/g ø…bïWÇ :vOÅUÅ UO|œW< U|…ó:|ñ

g

mL

ºC

ºC

ÊUMOï«e:OÄ :v|W¶A8

 :vÑUz :vî:u|œ:u< :vï«œdÖuÖ:u|U# :v|W¶<ñU!

 ñU< UÑUz UÑUîñWÖ :ÈñU!Wè

 ñU< UÑUz UÑUîñWÖ UOJ:Oá<…œ UOOîñWÖ öÄ

 ñU< UÑUz UÑUîñWÖ UOÙUîËËœ UOOîñWÖ öÄ

® UÑU~M:OÄ s:OOMO§:O"7:È ©
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v¶AÖ s:OM¶ãWëñ…œ.1∫ÊUMOï«e:OÄ UïdëWÑ:ËdÅ® UÑU~M:OÄ œ7:v"«œdÖuÖu|U# ˛ v¶ãWëñ…œ UOOîñWÖ «“Ë :Èñ…b:|˛ ¨«œ ©

øW| vÇ ©7:Oî® s"ó:Oî WO"UÙ :vÑUz UJ:|d! :vÑUz :vî:u|œ:u<

.2∫UM¶ãWëñ…œ ©UïUMO£Nº!® UïdJ:OÄñUë:̈È :̨Ëñ «“Ë :u! :vïdë ÂñWÖ UïUMOzñUJ! s:O¶ãdÖ ˛ p:Oz

:vÑUz :vî:u|œ:u< :v"«œdÖuÖu|U# v:OÅœ «ËUÇ ¨˜WA! :ÈË UïUMOzñUJ!Ë :È :̨Ëñ UOOîñWÖ UïdJÙWÖuë

 ø:vA:|ñUz :vÑ UïdëñW<…ñUÇ :u! ¨vMO!ñUJ!

.3∫ÊUM¶ãWëñ…œ ©UïUMO£Nº!® UïdJ:OÄñUëv:OÅ :Èœ «ËUÇ ¨W|«œ ÈñWëñU< ñW<œ :vëWKÅ ¨5ç~MÙ

øvM|ñËuK! :È˛ :vëWAOÅ
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 v¶fiï«“ :v|… :̨ËdÄ «ñUî:u"



 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! ÊU¶<WÄ :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

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  5!ñuOÙ UïbïU8

Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ  :vJOÙU1œ Uïdë…œUîUz

Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ  :vïdJãôW! U|Ëó:Oî
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eôGL©á Yª∏«á càÉHá Gdà≤ôjô Gd©∏ª»

H©ó GC¿ Jæéõ càÉHá Gdà≤ôjô Gd©∏ª», GocàÖ a≤ôI Jü°∞ a«¡É G÷õA Gdò… M≤≤à¬ hGdò… J£ªí GE¤
GE‚ÉR√. Kº GPcô OQS°kÉ hGMókG GS°à©æâ H¬ ‘ GdμàÉHá G’Chd«á.

v¶fiï«“ U"ñ:uÄ«ñ UMOfiOçï «ñU|dë UïËuÇ«b:OÄ

W" uë WJ! «b:O" :vJAÄ :ÈË UM<WÄ Wfi:OçM! :vëWÖ;d! ¨v¶fiï«“ U"ñ:uÄ«ñ UMOfiOçï UïUMO£Nº! v¶AÄ

œ s"dÖñ…Ë W¶O§"UÙ :È˛ UHî uë …ó:O! :vëWï«Ë vÅUÄ ÈWJ! ÂU9 u"uë :ÈbMÙ UOçON! W|UMO£Nº!

Æ«b:OJ:Oá¶<…œ UMOfiOçï
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.2  :vJ:Oá¶<…œ UMOfiOçï

GS°àîóΩ gò√ Gdü°Øëá dƒV°™ fl£§ GCh‹ GCh Gÿ£ƒ• Gd©ôj†°á dƒQbá Hëã∂ )NÓU°á
GŸû°ôh́(.

“ôjø
GCcªπ GdÑæƒO GdàÉd«á:

YæƒG¿ GdÑëå_________________________________________________________________________________________________

GŸ≤óeá  _______________________________________________________________________________________________________________

e∏îü¢ GdÑëå   ___________________________________________________________________________________________________

GŸƒV°ƒ́ GdôF«ù¢ d∏Ñëå ________________________________________________________________________________________

GÿÓU°á ______________________________________________________________________________________________________________

GŸü°ÉOQ G         dôF«ù°á  ___________________________________________________________________________________________

W" UMOì:uJ:Oì :ÈñWÄô :u! ÊUÄ s:OK:OÙ ÊU| vJ:OÄ X<…œ :vëWA8Wï UïUï«œ :u! WMO!ñUJ! ÈñWÄô vÑWz

  Æ©W" :È :̨ËdÄ :v|W¶8:uÄ®

©ÊUM:OÙ«ñ® oÅWî

 ∫WJ! ÂUîW" ÊUÖ;d! ÊUÑWz

 :vMOì:uJ:Oì s:OïUAOï Ë ˜Uï

 ©p:OÄ X<…œ® vëWA:OÄ

 :vMOì:uJ:Oì :v|W¶8:uÄ

 :vMOì:uJ:Oì :vOë…ñW< :v"W!U!

 W¶8:uÄ

 vë…ñW< s:|ñ…b:|˛
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©„uë® W!œ˛ñ ¨W"UJ:|ñ UïdëW¶<«ñUz :u! Wï«œ «ñUO<dÄ „…bMÙ ¨W" UMOì:uJ:Oì :v"W!U! UïdëñU|œ v¶AÄ

UO"…ñWM! ôU8 Ë W" :È :̨ËdÄ » XO!WÙ :u8ËW¶<«ñ UëWO|bï…u|WÄ W" s:|ñUO<dÄ vîWÙ uë :ÈbMÙ ñWfiì

 ÆÈË

 oÅWî

‰ øvÇ ø:vë ∫:ÈñUO<dÄ :È“«dîUz UïUMOzñUJ! » WJ!e:|ñ «b:|ñU8 :v|W¶A8 vÑ œ :u8 s:|ñUO<dÄ

Ê«ñ…b:|˛ Ë WfiOçM! «b|W¶A8 œ ¨XãWë W" X<…œ í<ñW! uë øvÇ:u! ø«ËUÇ øv~ïWë ø:ÈdOë

 ∫…ó:O!

.3©Wç|… :̨ËdÄ » ñ«b|bï…u|WÄ® :vMOìuJ:Oì È…ñU!ñ…œ „…ñUO<dÄ bïWÇ

.1

.2

.3

.4
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