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ñödb·A≠Sz≠

ºk∫j≠ºçö¤≠C°b°j~Têök‰éöWÚ≠k~kÎS÷zAÚ≠T°≠10 CQÈAb‚Äödºc°E≠XöV≠ºd∫W≠F‹≠ºm°E≠‰kW≠äöb≠

ºÅög≠V≠ºèöXöc≠na~jO–Vˆ≠≠Ab‚j~U°≠k~AîöÖ÷ö‹2005-≠2009 ≠C•≠x„k~kÎ≠ì√ögÚ≠FåökÚ≠n‹Z°≠XöRß≠a©R≠

ΩLg≠ºA°R≠ºm°E≠ºVÕ≠H‹ß≠j~J≠BÁ¨V≠ºc°E≠äöb≠dcÈj~U°≠j~TêöìöÂk“¿

ºk∫j≠ºçö¤≠C°b°≠j~TêöS÷zAÚ≠T°≠10 ≠ éöV≠T‰bEÚ≠L©F≠BzE≠º‰Äöb≠ È

- ºbºd∫V≠V°b´c›≠éöVBÁ£bìödV~E≠≠jR”®≠W‹QE≠FåökÚ≠íökÚ≠

- BÁ£b≠ìöd≠ºbºd∫V≠ºY“°b≠ºFJ≠Z°≠q≠Tz≠ldQ̂≠æV≠XöRß≠a©R≠ΩLg≠éöV≠ºVÕ≠A÷®E≠H°≠j≠çöZ≠dkÚ≠ºVÕ≠

- ºbºd∫VBÁ‡≠éöVkAb‚≠çöZ≠Z~ºìöUVˆ≠ºL°b◊°≠x„≠k~kÎ≠cA≠ºTÕ≠nVß≠jR“≠Vˆ≠Y‘zgÚ≠

- ºVÕFßE≠ºbºd∫V≠V°b´c≠›≠éöV≠kºE¬≠W≠ºbºd∫V≠ºL°b◊°≠x„≠k~kÎ≠FE≠Ñö‹≠nÍ°≠ΩLg≠k~kÎ≠XöV≠ºd∫V≠

- ºbºd∫V≠V°b´c≠›≠éöV≠k‹Q´d≠V~E≠g‹lzRÚ≠ºl°c≠ºk∫jºçö¤≠ºV‡≠AÛ≠éöV≠k‹Q´d≠V~E≠g‹lzRÚ≠k‰éöWÚ≠

H‹Z©A≠V°b´c›≠YE≠ΩLd¿

Hz≠T°≠WKΔWÚ≠CQÈAb‚Äöd≠V~≠ZV’≠ k©b≠ΩSÁE≠n‹Qd≠CßQ≠èöE≠‰Hzg≠º‰HÕ≠F‹ºZz‡≠nE√≠Äöd≠ JICA Hz≠

Z~≠ºkkn÷A≠uA≠ºTk≠HWßVö≠ΩLg≠XöV≠H´c≠Y“gÚ≠ºèöWgÚk‰éöWÚ≠n÷A≠V~≠ZV’≠ ‰ZbTz‹EºíöA≠‰C™≠ön÷A≠‰C™≠

ΩLg≠XöV≠k‰b̈gV~E≠Y“gÚ≠ºèöWgÚ≠A÷®E≠Äöd≠ìöA≠g◊E d´bTz‹ECQÈAb‚Äöd≠jzcRæbÁΩLg≠XöV≠H´c≠

‰R¨R≠Z~V~R„≠V~EY“gÚ≠ºèöWgÚºg°≠ºk∫≠j≠ºçö¤≠ºV‡¿≠

ºL°b◊°≠x„ºk∫j≠ºçö¤≠≠k~kÎºV‡ÄöVÚ≠ΩR≠gÓ≠‰Wºk°~d  CQÈAb‚Äödºc°E≠B˛®‹≠V£E≠TT́g≠ëögÚ≠Äödd~‡≠

CVÚ V~E≠ΩAgbÓ≠WΩV”b≠Z°≠k‹Qz≠AÚÚ≠ºíöA‰C™≠ n÷A≠‰C™ºLz≠cA“°≠d°Aëöc¿
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ºkFA“°≠ºY“°b

1.    nÍ°ºTÕHz≠C°b° ?

C°b° C•k~AîöZ°d©W≠ãöRßV~E≠≠ÄödW‹ΩWÁE≠dWkÚ≠jz≠ ΩLgéöVºVÕ≠Hß‹≠j~J≠ºc°E≠V~E≠A÷®E≠Z~aZºíöA¿

d©WãöR≠ß≠ΩLgWºE¡°R≠ΩYV≠L°≠ kbß‰T V~EB„gÚºlÕ≠Szd©W≠ãöRßºL°b¿ d©WãöRßTz‹EºV‡d´bWKΔ™gTz‹E≠

UVãöV≠Ub‚Hz≠R~k‹BzVÚ›éöV ≠Ωd S‚≠ U„™ES‚ º‰WEÄöR V~Eqk‚ıV¿ ÄödEzddWkÚn÷AC°b° C•k~Aîö‰ìöj≠

‰Hzj nºE¡Rºg°d©WãöRßºL°bV~EA‹QRÚgA¬Q:dWkÚd©WãöRßTz‹EºVz‡¿

d©WãöRßéöVìöd:k‹Bz≠VÚk‰éöWÚbVßkÎ jz≠ñöFW“™dZ°d©ßWãöRßb´cºTÕ≠d©WãöRßºYÎE≠ºT∫R≠L©F≠Hz≠≠

ºíöl: oV’V: V~EjR”®≠æF÷≠‰WO~R¿ d©WãöRß≠ºL°b≠çöCº‰F°Vb~V≠ºA°R≠ºm°Ej~JºT¿ A‹ºQ°V≠æV≠Äöd≠º‰W°≠

‰XökÚ≠≠dWkÚ≠bVßkÎºUÍ°≠x„d©WãöRßºL°≠b≠b´c≠F‹V´VL©©FHz U„™E≠S‚ º‰WE≠ÄöR V~Eqk‚ıVUb‚HzR~≠V£E≠nkÚ≠≠≠≠ºVÕ≠

ºZgÖöWÚ≠›≠BzE≠bßB≠ºV‡¿öÄöd≠QˆºV≠‡ºUÍ°≠x„≠n÷AC°b°B‹≠ΩkÍE≠dAHº‰b°kk‰éöWÚ≠H‹V´kd©WãöRß≠Tz‹E≠ºV‡≠¿≠

UVãöVUb‚≠Hz≠R~éöV≠ìöd:k‹BzVÚQzkÚk‰éöWÚ≠bVßkÎ¿ A‹ºQ°V≠‰WHz≠HVºg°≠Z~aZºíöAºUÍ°≠x„≠

éöV≠R‰b™j≠ÄödAk~YgöV~E≠bÏ™W≠ñölzdèöE≠U‹≠ºUE¿≠ön÷AC°b°XöVYg~R≠ H°ö S÷z‹≠kéÁöWÚ≠kRÍgÓ~RFæ‰E≠....

ΩLg≠ñöF≠WºE¡°V≠T~V÷YgAk~Ab‚V~EH´cºUÍ°≠x„Ak~Ad≠éöVH°jçöZ≠‰Wºk°dºm°E¿ bêöE≠ºT∫R≠n÷A≠C°b°≠

cA≠≠F~R“TßALz≠AÚ≠èöEBÁz‹EºTÕ≠ºg°Äöd≠Yg~R≠xkSk‰éöWÚ≠ÚZêöXögH‹E•V~E≠ΩS≠dAîö≠kßBçöZ¿≠ ºg°k≠Z°≠

ºV‡≠≠≠≠≠≠ºT∫≠R≠ ºCXöV≠B~R≠B‹≠na~jO–ké·ödÈT‹ºV°W›ΩLgºU°Íx„≠ÄöddkÚ≠ºVÕ≠≠éöV≠gA¬Q:≠kbdb„≠V~Ekb◊™d

ΩWW¿

2.    ΩY÷A≠ºYÎE›≠æV≠C°b°

C°b°T‹ºV°W (Modern Chemistry)éöV≠ΩY÷A≠ºYÎE›Hz≠º‰F°V≠ºT∫≠R≠L©FHz : C°≠b°≠Ωd C°b°kd°ëöE√√

C°b°nVßjR“ C°b°H°j: C°b°d©W V~E≠C°b°≠j~çöC¿

• C°b°≠Ωd ( Inorganic Chemistry ) k~Aîön‹≠Z°≠‰W≠R~Ab‚≠C°b° V~EgA¬Q:C°b°≠dWkÚ≠ãöRß V~E≠k≠éök≠

ãöRßdWkÚ≠jz ºg°A≠ΩgEΩR≠k≠éök≠ãöRßÄöW©V≠ºFJ¿

• C°b°≠kd°≠ëöE√ ( Organic Chemistry ) k~Aîön‹≠Z°≠k≠éökãöRß≠ÄöW©V¿

• C°b°≠nVßjR“ (Applied Chemistry)ök~AîöZ°≠C°≠b°qkîölAb‚ C°b°Ak~Ab‚ V~EC°b°xkS¿ 

• C°b°≠j~≠çöC ( Analytical Chemistry ) k~Aîöºg°Äödj~çöCWd~≠éöQ ºL°b◊°≠A‹QRÚ≠dA≠‰W≠ºaTæV≠

ãöRß≠C°b°A÷®E≠nE√≠ãöRß≠ΩLg≠ºCk~AîööV~E≠j~çöCCßQ≠çöZºL°b◊°≠A‹QRÚdA≠k≠éöéö‰RæV≠ãöRßYÎ‹ 

Tz‹E≠ºVz‡¿ö
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• C°b°≠H°j: ( Biochemistry  ) ≠k~Aîön‹Z°≠ãöRß≠WE¡æVçöj:dkÚV~E≠‰WR~Ab‚C°b°ΩLgWºE¡°R≠XöVHz≠

WQ“™dd©W≠ãöRßΩLg≠Hz≠b©g≠LŒz≠V‰C≠£‡æV≠H°j~R¿

• C°b°d©W (Physical Chemistry) k~AîöZ°gA¬Q:æVÄödW‹≠ΩWÁE≠d©W≠ãöRßV~E≠T‹Vz≠AÚT‹VEjzºTÕ≠V£E

Sz≠b≠ZgV~E≠T‰bEÚ≠¿

3.    ºlRßnÍ°≠‰R™j≠k~AîöC°b° ?

ºc°E≠XöV≠A‹QRÚV~cbVıcC°b°Sz≠ Hz≠Äödk~AîöZ°d©W≠ãöRßV~EÄödW‹ΩWÁE≠dWkÚ≠jz¿

d©W≠ãöRßV~EìödãöRßTz‹E≠nkÚ≠ΩLg≠ºVÕHß‹j~JBÁ¨V≠ºc°EC•YÎ‹ºm°E≠Z°ãöRß≠C°b°¿ B„gÚΩLg≠ºc°E≠LA≠

LºEÏ°bHz≠gåöc≠æVãöRßC°b°L©F≠Hz≠ nßAk°ßΩkVV~E≠ñök©R¿ ºk∫jºçö¤ΩLg≠n÷AA‹ZßEñöV≠C•ºUÍ°≠ºm°E≠≠

ºLzcΩkgßcm™kΩLgcAºFJ≠Z°ìöFÚºI°V~E‰R™j≠XöVºUÍ°≠‰W≠‰Z£R“~Ab‚Hz≠b´c≠V£E≠ãöRß≠C°b°≠ºYÎE›≠

ºT∫R≠¿≠ kºbÁªAW‹K≠AÚ≠ΩLg≠ºc°EA‹ZßEºkÁªAKAÚWºE¡°Rºm°E≠Z°≠Äöd≠æF÷‰WO~RãöRß≠C°b°≠ºlÕ≠SzW©g°Ωb

L©F≠Hz V°m®E fW©g°ºnΩk‘ . . .¿ ºÄö¤n° Rß nÅöd A‹ßZ„™Tıd dScV“ V~Eké·ödÈº‰W°≠‰XökÚLæTºT∫R

Hz≠º‰F°VC•≠kßT’k£EΩRHz≠≠≠Yg~RYgΩLg≠ºA°RV~EYÎ‹ºm°EZ°≠ãöRßC°b°Tz‹E≠nkÚ¿ éöV≠VıcSz≠ C°b°éöV≠ºVÕ≠

‰C≠WÚ≠T°≠AΩVÁE≠ºl°c≠H‡oT’~Zgºg°‰CWÚ≠T~LŒçöZæV≠H°j~RdWkÚ≠ºc°EΩLg≠Ñö‹≠XöFÚ‰R™j≠ΩRk~Aîö¿ Äöd≠cgÚ≠

L£EZ°b©g≠LŒzVC°b°V~EãöRß≠C°b°ñöF≠H´cºc°EA÷®E≠Äöd≠WºE¡°Rd©WãöRß≠Tz‹Eïöc≠T©©Tz‹E≠Z~aZºíöA¿

nÅöd≠U‹≠›

d©WT° 1 : d©WjR”®≠º‰W°‰XökÚ≠ºYÎE≠›ΩLgHz≠Yg~≠RYgæV≠C°b°
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4.    W‹Q~V≠dWkÚn÷A≠C°b°

ºVÕ≠A÷®E≠j~TêöìöÂk“ Äöd≠k~AîöC°b°TzAÚ≠TEk‹≠Bz≠VÚ≠ºTÕ≠V£E≠Äödk´dk‹Q´dV~E≠Fb≈gÚ ≠“Hz≠nÍ°≠ºTÕ≠ ? ”≠≠ 

“L©F≠ºb“F ? ”≠≠ V~Eö“ ºl≠Rß≠nÍ°≠ ”≠≠?¿ ºL°b◊°≠ºGÁ°ck‹Q´dV~E≠Fb≈gÚTz‹E≠ºV‡‰R™jTz≠AÚ≠TE≠≠≠≠≠≠≠≠≠≠≠ºTÕ≠V£EW‹≠Q~V≠

Z~ºkkdWkÚ≠n÷Aj~TêöìöÂk“¿

Hz≠WNb W‹Q~Vºg°≠ÄödkºE¡RV~EARÚ≠‰äöC•≠Hz≠Äöd≠Ñö‹≠XöFÚ¿ Äöd≠º‰W°≠‰XökÚ≠W‹≠Q~VTz‹E≠ºV‡lzAÚ≠

L©F≠HzEzc≠‰k¨gºT Wß≠ΩV“ºL°b◊°≠ºUÍ°≠Äöd≠ARÚ≠‰äö C°≠b°j~T©‰R™j≠ARÚ≠‰äöx„≠XöVFåökÚ≠íökÚV~E≠HzAÚ≠íöAÚ≠V©j≠nÍ°≠

ΩLg≠XöV≠kºE¡R≠ºD°JV~E‰R™jéöV≠Äöd≠WQ“®‡≠WQ“zg≠x„XöV≠‰R£b≠‰R™j¿

WV‘z≠WÚbA ‰R™j≠éöV≠W‹Q~V≠A÷®E≠Äöd≠WA≠‰ìöcëögÚ≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠T~V÷VıcΩLg≠TT´g≠XöV≠Z°≠Z~ºìöUVˆ¿ T~V÷Vıc≠

V~EW‹≠QA≠‰ìöcºV‡ ºUÍ°≠x„ºc°E≠ñöFnVßjR“F‹ºQ‡L£E≠C°b°ºTÕ≠V£E≠ì”öV≠çöZVz≠Vz≠XöV≠¿≠ W‹≠Q~V≠Tz‹E≠

ºV‡Tz≠AÚ≠TE≠èöEBÁz‹E b~V≠‰R£b≠ΩRºVÕA÷®E≠ΩY÷Aj~TêöìöÂk“Wß≠ºQ—z‡ºT Wß≠ΩV“≠ºVÕ≠A÷®E≠ΩY÷AKQ~H»Ab‚V~E≠

qkîölAb‚YEΩLd¿

 Äöd≠jz≠cRæbÁV~E≠j~çöC≠ZıR¯éöV C•Hz≠≠W‹Q~V≠≠Ñö‹≠XöFÚºYÎE≠ºT∫R≠ΩLg≠Tz≠AÚ≠TE≠ºTÕV£E≠Äöd≠kº‰bF≠

F~R≠“≠ºTÕ≠≠ºg°≠ZıR¯≠éöV≠ΩLg≠TT´g≠≠≠≠≠≠≠≠≠XöV≠Sz ºR°≠Z~Rfb~VZ~Rö?≠ ëögÚ≠≠≠L‹ºQz‡≠‰ìöc≠WKÏzTz‹E≠ïöc ñö‰kıc≠≠≠≠≠≠

ºg°≠gT’≠çöZ≠jz≠c≠RæbÁAä“ö≠≠≠ΩLg≠H‡≠oT’~Zgºg°jz¿ Aä“ö≠b´c≠F‹V´V≠ñöF≠Ω‰W≠‰W¨g≠ºLz≠c≠ñö‰kıc≠≠ºTÕ≠ºg°≠

gA¬BQœ¿ jz≠Hz≠Äöd≠Ñö‹≠XöFÚA÷®E≠ÄödkºE¡Räöb≠LzV≠ºTÕ≠ºg°≠Aä“ö≠b´cA÷®E≠F‹ºQz≠b≠Aä“ö≠Tz‹E≠ºV‡ ºVÕ≠

ºZg≠ΩLg≠Aä“öºYÎ≠E≠ºT∫R≠‰R™j≠XöVdAîööTßA≠x„ºVÕ≠ºSd¿ööWΩV”b≠ºTÕ≠ºg°≠W‹Q~VBzE≠ºg°A÷®E≠Äöd≠Z~çöAîö≠

d©WT°ö2 k~kÎA‹ZßE≠ºUÍ°≠Z~ºìöUVˆC°b°Fo

ok
s Q—z‡ºT‡ºTQ Only

íök

TT´g≠XöV≠Z°≠Z~ºìöTT´g≠XöV≠Z°≠Z~ºìö

E≠ì”öV≠çöZVz≠Vzì”öV≠çöZVz

Wß≠ΩV“≠ºVΩW
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Hz≠b´cn÷A≠j~Têö≠ìöÂk“≠ºYÎE≠ºT∫R≠ñöFºUÍ°≠ºñöc≠éöV≠C‹V~R≠ÄöVÚ≠ΩRT©g‹≠T©íöc≠ΩS≠b≠ºT∫R≠¿ööL©F≠ºV‡

W‹Q~VA÷®E≠Äöd≠Tz≠A≠Ú≠≠≠≠≠ÚTE≠V~EZ~≠çöAîöÅ÷öC•≠Hz≠≠A≠ä“öÑö‹XöFÚW‹≠YßR¿ W‹Q~VA÷®E≠Äöd≠Tz≠AÚ≠TE‰R™jd´b≠WKΔ™gTz‹≠E≠

Äöd≠kd≠ºkddXöc≠ÄödQˆn‹≠Z°≠Z~ºìöUVˆºYÎE≠›≠YE¿ dXöc≠ÄödQ̂ºV‡d´b≠éöV : ‰ÄöW äöëöE

fLêö‰Äöb¿

kdßWºkFA“°bAöö‰CWÚ≠W‹≠Q~VTz‹EnkÚ≠‰R™j≠XöV≠TzAÚ≠TEÅ÷öäöbºÅögÄödQ̂æV≠j~≠U°≠j~TêöìöÂk“≠≠

ΩLg≠ÑöWÚ≠ºY“°bZ° :≠

1.  F‹≠ºQz≠TWKÏz (L©F≠ºb“F ? ≠ºl≠Rß≠nÍ° ?)

2.  ÄödWºE¡°R≠kb‚≠R~≠Ab‚ (‰K≠ETßAFºbÁ°c)

3.  ÄödºUÍ°ΩRkkb‚R~Ab‚ (Äöd≠ºUÍ°≠Z~ºìöUVˆ)

4.  Äöd≠jzkÚ≠ΩjEV~EÄödARÚ≠‰äögT’≠Yg 

5.  ÄödkV÷~LŒzV

‰Wk~VºW°kb‚≠R~Ab‚ºY‘ªE≠Y‘zRÚ≠ºTÕ≠ºD°J≠≠≠≠Sz≠‰R£b‰R™j≠äöb≠‰CWÚÄög:ºTk:Tz‹E≠nkÚ Wß≠ΩV“éöV≠ΩR≠

AdQ°≠ºg°AΩgER~FR´F ºC≠ºlÕ≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠Sz ‰T£k“° ΩRºW°kb‚R~Ab‚ºVz‡b~VZ~R≠ ºC‰R™j≠W“™dfºXö‡WEÚºÑög≠

XöVºLzcd~‡dA≠kb‚R~≠Ab‚S‚°≠¿

M
PTC-E

bo
ok

s 
äöb≠‰CWÚÄögb≠‰CWÚÄög

b‚R~Ab‚ºVz‡b~b‚R~Ab‚ºVz‡

Only
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d©W≠ãöRßTz‹E≠nkÚ≠kßT’k£E≠WE¡ºm°EºLz≠c≠çöC≠gÓ~RR©F≠W‹≠YßRΩLg≠b~V≠ñöFºb°g≠ºD°JºLz≠c≠Ωa÷A≠

TºTXöV ºlÕ≠Sz≠ ñöR©b¿ ºR°≠ñöR©béöV≠T‰bEÚΩWWQz≠XöVHz≠Vz‹≠x„éöV≠‰WR~Ab‚C°b°V~E≠‰WR~Ab‚≠Vßc≠

ºAÁ≠≠Ωn˙≠ΩLg≠WºKΔ≠JSz≠bZg≠LÛ≠b≠l~≠éö¿

1CMBUk GatUm

emeronTI 1 Ó ®Tws†IGatUm

emeronTI 2 Ó T®mg'GatUm

For
 JSz≠ M

PTC-E
b

T’k£E≠T’k£E≠WEW ¡ºm°°

R©b©bRR ¿ ºR¿ ºR°RRññ

z≠bZg≠LÛbZg≠LÛ

Ebo
ok

sks

Eb

OOnOOOOOOOnly
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ºVÕ≠‰W≠Ωlg 400Ö÷ö‹bßV C.k TkÎVj~T©‰A~F ºLb©‰C°R (Democritus) XöVºg°A≠ºm°E≠V©j≠

‰T£k“°≠ΩLg≠ΩFESz “ ‰CWÚ≠jR”®≠Tz‹E≠nkÚ≠≠≠WE¡≠ºm°E≠ºLz≠c≠çöC≠gÓ≠~MRR©F≠W‹≠YßR≠ΩLg≠b~V≠ñöF≠W‹≠ΩWAXöV≠ºlÕ≠Sz≠

ñöR©b ”(ΩLg≠äöbçöìö‰A~F≠≠éöVVıc≠Sz≠b~V≠ñöF≠W‹≠ΩWAXöV)¿ WßΩ≠V“ºVÕ≠A÷®E≠kbı≠cºVz‡ AÛ≠éöV≠

TkÎV≠j~≠T©ºYÎ≠E≠ºT∫R≠b~V≠cgÚ≠‰kWV£E≠C‹V~Rn‹≠Z°≠ñöR©bºVz‡≠ºT¿ ºíöA ñöd°≠k“™R(Aristotle)( 384-

322 )Ö÷ö‹≠bßV ≠C.k b~V≠éöV≠H‹ºVÆºTÕ≠ºg°ñöR©bºT¿≠ ÅöRÚ≠cgÚ≠Sz≠ jR”®Tz‹E≠nkÚ≠YÎ≠‹≠ºm°E≠ºLz≠c≠≠≠ãöRß≠≠W´VC•

: L° T£A ºaÁ°E B„gÚ ΩLg≠‰R™j≠XöVíöcWKΔ™gÅ÷öäöb≠Wd~≠éöQãöRßBßk≠›≠Å÷ö¿ C‹V~R≠ºV‡XöV≠WV“nkÚ≠

dc: ºZg≠‰WΩlg≠Hz≠ 2000Ö÷ö‹ºTÕ≠A÷®E≠jW◊Ub¯dWkÚWkΔΔ≠ ~b‰W≠ºTk¿ Wß≠ΩV“C‹V~R≠ºLb©‰C°RA“° C‹V~R≠

ñöd°k“™RA“°≠b~V≠XöV≠Åö‹≠‰T≠ºLz≠c≠Z~≠ºìöUVˆºm°c¿

1.          b©g≠LŒzV‰C£‡æV≠‰T£k“°ñöR©b

ºVÕ≠FßE≠kRjRÎT° 18 Äödk~AîöZ°≠d©W≠ãöRßäöb≠dc:≠ÄödZ~ºìöUéöV≠Äöd≠na~jO–èöEBÁz‹E ºLzc≠

ìöd≠HK»°EΩLg≠ºC≠WºE¡°Rºm°E≠ÄöVÚ≠ΩR≠éöV≠çöZkß‰A~RΩLgñöFx„ºC≠SÁ£Eéök≠nE√ãöRß‰WR~Ad≠V~E≠éök≠≠

nE√≠ãöRßA≠≠ºA°R≠≠A÷®E‰W≠R~Ab‚≠C°b°≠XöVHz≠AÚíöAÚ¿ Z~ºìöUVˆºLz≠c≠º‰W°≠HK»°EÄöVÚ≠ΩRkß‰A~RVz‹≠ºTÕ≠LgÚ≠Äöd≠

dA≠ºD°J≠V©j≠FåöWÚ≠‰C£‡b́c≠F‹V´V¿

1 . 1        FåöWÚ≠dAîöéök

ZZZZ‹ ‹‹‹≠ ≠≠≠ººººVVVVzzzz≠ ≠≠≠ggggFFFFååååööööWWWWÚ ÚÚÚ    ::::    “  A÷®E≠‰WR~Ab‚≠C°b° éökæV≠nE√ãöRß‰WR~Adºk‚°≠V£EéökæV≠nE√≠ãöRßAºA°R ”

XöVVıcSz≠ ‰CWÚ≠W‹≠íökÚ≠W“™dd©WfC°b°Zß‹≠éöVWΩ‰bW‰b¨g≠éökæV≠d©W≠ãöRß≠ºT¿ 

1
emeronTI

®Tws††IGatUm

  

  ❒  ºd∫W≠ëöWÚ≠FåöWÚ≠dAîöéök FåöWÚk≠éöéö‰RA‹QRÚ V~EFåöWÚZlßkéöéö‰R¿

  ❒  ZQ¯VzF‹QßFTz‹E≠‰Xö‹æV≠‰T£k“°ñöR©bdWkÚ≠Lz≠gÚ≠RßVV~EF‹QßFBÍ≠‡Bz≠RæV≠‰T£k“°ºV‡¿

  ❒  ZV„gÚ≠Z°T‹Vz≠AÚT‹VEdjz≠E‰T£k“°ñöR©bdWkÚ≠LzgÚ≠RßVºTÕ≠V£E≠FåöWÚ≠Tz‹≠E≠W°Bz≠Eºg°¿

FWÚºbºd∫VºV‡≠ k~kÎñöF

For
 T 188  

WºE¡°¡EERºmRºm°E°Emm

AAE‰WE‰W≠R~R~WW Abb

M
PTC-E

bo
ok

s emo

F≠W‹≠YßR≠W≠YßR≠ΩLgΩLgb~b~gg

XöV)¿ W¿ WßΩ≠V“ß Ω≠V“WW

ºVz‡ºT¿ ºT¿ 

ÅöRÅöRÚRcgcgÚggSS

KΔ™gÅ÷öäöb≠Wd~≠KΔ™gÅ÷öäöb≠Wd~≠

jW◊UbjW◊Ub¯dWkW

UVˆºm°c¿UVˆºm°c¿

‰T£k“°ñöR©b‰T£k“°ñöR©

Ä dkdk~~

On

itusitus) X)Only

k“°ºV‡¿

ºg°¿

On
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1 . 2        FåöWÚk≠éöéö‰RA‹QRÚ

ºVÕ≠A÷®E≠Ö÷ö‹≠≠ö 1801 C°b°j~T©Xöëö‹E≠ k©≠ΩkW‰Z™k (Joseph Louis Proust) XöV≠WEÏzJ≠x„≠ºD°J≠Sz≠≠≠≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠

TEÚ≠ΩLE ÄöW©≠QzR ºTz‡≠W°ºC≠Yg~Rjz≠äöb≠dºW∫W≠Qz≠AÛ≠ºLzcAÛkéöéö‰RæV≠ãöRß≠YÎ≠‹≠C•≠TEÚ≠ΩLE 5 

çöCYÎ≠‹V£E≠ÄöW©V 1çöC V~E≠nßA≠kß°≠ΩkV 4çöC≠Hz≠V~FΔ≠¿

ZZZZ‹ ‹‹‹≠ ≠≠≠ººººVVVVzzzzggggFFFFååååöööö≠ ≠≠≠WWWWÚ ÚÚÚ    ::::    “ nE√ãöRßkßT’V°b´c≠›≠éöV≠çöCYÎ‹ (ãöRß≠C°b°) N~R≠A÷®E≠kéöéö‰R≠Hz≠éök≠

 A‹QRÚ≠≠ºl°c≠≠ºSdHzV~FΔ ”¿

qTzldQˆ : T£A≠C• ≠Hz ≠nE√ãöRß ≠kéök≠b´cΩLg≠

YÎ‹ºLz≠cãöRß≠nß°≠‰L™≠ΩkV≠V~E≠nßA≠kß°≠ΩkVéöV≠kéöéö‰RHz≠éök

≠djz≠E≠ãöRß≠C• % V~E≠ãöRß % HzV~≠FΔ≠

ºLz≠c≠b~Vñö‰kıc≠ºTÕ≠V£E‰W≠aZºT¿

1 . 3        FåöWÚZlßk≠éöéö‰R

H´V≠Äög≠ãöRß≠C°b°Z°d≠F©g≠YÎ‹≠Å÷ö≠WºE¡°R≠XöVHz≠kéök≠ãöRß≠≠≠≠≠≠≠≠

º‰F°Vºg°kZ°b´c L©FHz≠ãöRßÄöW©VV~E≠ãöRß≠nßA≠kß°≠ΩkV≠F©g≠

YÎ≠‹≠Å÷ö≠WºE¡°R≠XöV≠Hz≠Äö≠W©V≠b©Q©≠nßAkß°RV~E≠ÄöW©V≠O°≠nßA≠kß°R¿≠

Äödj~çöCdA≠éökæVãöRß≠WE¡dWkÚ≠kéökãöRß≠V°b´c›≠XöV≠gT’≠

Yg≠L©F≠BzE≠º‰Äöb :

ZZZZ‹ ‹‹‹≠ ≠≠≠ººººVVVVzzzzgggg≠≠≠≠FFFFååååööööWWWWÚ ÚÚÚ≠ ≠≠≠    :::: “ºVÕ≠ºZg≠ΩLg≠ãöRß≠C°b°Z°dF©g≠YÎ≠‹≠Å÷ö WºE¡°R≠XöV≠Hz≠kéök≠ãöRß≠Z°d fº‰F°V 

ºVz‡≠≠Yg≠ºU∫Wéö≠kdjz≠E≠ãöRßT° 2 ΩLg≠YÎ‹V£E≠éökb´cL©FÅ÷öæV≠ãöRß≠T° 1 HzF‹V´VCRÚ≠R©F ”¿

II( )

b~V≠SzT°≠Qz≠ºT T£AYÎ‹ºLz≠c≠ãöRß

%V~E≠ãöRß % Hz≠V~≠FΔH( ) 11.11 O( ) 88.89

dddd© ©©©WWWWTTTT° °°°öööö3    TTTT£ £££AAAA≠ ≠≠≠ºººº‰‰‰‰HHHHzzzz‡‡‡‡WWWW© ©©©˙ ˙ ˙‰̇‰‰‰ììììöööö    ((((ººººBBBBRRRR“ “““ööööbbbbQQQQœœœœggggCCCC° °°°dddd° °°°))))

H( ) 11.11 O( ) 88.89

äöb≠ÄödCQVz≠WEÏz≠JSz ºW°≠

éök≠ÄöW©Vºk‚°≠Å÷ö ºVz‡≠Yg≠ºU∫W≠≠

éök≠nßA≠≠kß°≠ΩkVC•ö2¿ Äöd≠kºE¡R≠

ΩWWºV‡≠Hz≠º‰F°VVz‹≠x„≠öFVöLzgÚ≠RßV≠

(John Dalton) ºg°A≠≠ºm°E≠V©j≠FåöWÚ≠

Zlß≠kéöéö‰RºVÕ≠A÷®E≠≠Ö÷ö‹ö≠1803¿≠

ÄÄÄÄööööWWWW© ©©©VVVV nnnnß ßßßAAAAkkkkßßßß° °°°≠ ≠≠≠ΩΩΩΩkkkkVVVV

ÄöW©Vb©≠Q©nßAkß°R

ÄöW©VO°nßA≠kß°R

                                      

1.00g 1.33g

1.00g 2.66g

-------------------------------------------------
éökãöRßA÷®EÄöW©Vb©Q©nßAkß°R

éökãöRßA÷®EÄöW©VO°≠nßA≠kß°R 1.00
1.00
---------- 1= 2.66

1.33
---------- 2=

ããããööööRRRRß ßßß
kkkkééééöööökkkk≠≠≠≠ããããööööRRRRß ßßß

For
 nßAkß°Rkß°R

O°nßA≠kß°RO°nßA≠kß°RFoF
M

PTC-E
bo

ok
s

kéök≠ãöRß≠≠≠≠≠≠≠≠k≠ãöRß≠≠≠≠≠≠≠≠

nßA≠kß°≠ΩkV≠F©gnßA≠kß°≠ΩkV≠F©

E≠ÄöW©V≠O°≠nßA≠E≠ÄöW©V≠O°≠nßA≠

kéökãöRß≠V°b´kéökãöRß≠ °

P
M

P
MMããããããããããããããööööãããã RRRRRRRRRRRR

y
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2.          ‰T£k“°ñöR©bdWkÚ≠LzgÚ≠RßV

ºVÕ≠A÷®E≠Ö÷ö‹ö1803ºíöA≠öLz≠gÚ≠RßVöXöVºg°Aºm°E≠V©j≠ÄödZV„gÚb´cZ°FåöWÚ≠dAîöéökööFåöWÚ≠kéö≠

éö‰R≠≠≠≠≠A‹QRÚ V~EFåöWÚZ≠lßk≠éöéö‰R¿≠ ‰T£k“°dWkÚ≠ÅöRÚ≠ñöF≠k≠ºE¬WXöV≠L©F≠BzE≠º‰Äöb :

1.  ‰CWÚ≠ãöRßTz‹E≠nkÚ≠YÎ‹≠ºLz≠cçöC≠gÓ≠~R≠R©F≠›≠ºlÕ≠Sz≠ ñöR©b¿

2.  ñöR©bæV≠ãöRß≠ΩRb́céöV≠ éök T‹l‹≠ V~E≠gA¬Q:L©F≠Å÷ö¿ 

ñöR©bæV≠ãöRß≠ºYÎEÅ÷öéöV≠ éök T‹l‹ V~E≠gA¬Q:Bßk≠Å÷ö¿

3.  ñöR©bb~V≠‰R™j≠XöV≠W‹≠ΩWA WºE¡°RS‚°≠ f≠W‹≠YÁzJ≠ºÑög≠ºT¿

4.  ñöR©bæV≠ãöRß≠ºYÎE≠Å÷ö F©g≠YÎ‹Å÷öäöb≠Yg≠ºU∫W≠Hz≠F‹V´V≠CRÚ 

ºL°b◊°≠WºE¡°R≠Hz≠kéök≠ãöRß¿

5.  A÷®E≠ºZg≠‰W≠R~Ab‚C°b° ñöR©bñöF≠F©g≠YÎ‹≠Å÷ö Y“z≠FÚºFJ≠Z°Å÷ö 

fR≠º‰b∫W≠ìöHz≠S‚°¿

  W‹QA‰ìöcFåöWÚC°b°ºLz≠c‰T£k“°ñöR©bLz≠gÚRßV

WWWW‹ ‹‹‹QQQQAAAA‰‰‰‰ììììööööccccFFFFååååööööWWWWÚ ÚÚÚddddAAAAîîîîööööéééé öööökkkk    ::::    äöbFåöWÚdAîöéök ºVÕ≠A÷®E≠‰WR~Ab‚≠C°b° Zß‹≠éöV≠ñöR©bQz≠

ΩLg‰R™j≠XöRÚ≠WEÚ f≠WºE¡°R≠S‚° fdE≠Äöd≠W‹≠YÁzJºT ñöR©b‰ÅöVÚ≠ΩRY“z≠FÚ≠ºFJ≠Z°≠Å÷ö F©g≠YÎ‹fRº‰bªWºm°E≠

j~J≠≠ΩR≠Wß≠ºQ—z‡ ¿ éökV~EF‹V´VæV≠ñöR©bV°b´c≠›N~RºVÕ≠b~V≠Ω‰W≠‰W¨gºT º‰K≠‡éök≠æV≠d©W≠ãöRßTT´g≠

XöV≠º‰Äöc‰WR~Ab‚≠ºk‚°V£E≠éökæV≠d©W≠ãöRßbßV≠‰WR~Ab‚¿

qTz≠ldQ̂ :  ÄödWºE¡°R≠ÄöW©Vb©Q©nßA≠kß°RZ°≠ÄöW©V V~E≠nßAkß°ΩkV V~E≠Äöd≠W‹≠ΩWAÄöW©Vb©≠

Q©≠nßAkß°R≠HzÄöW©V V~EnßAkß°≠ΩkV ¿
    

ñöR©b  b´cV~EñöR©b  b́c≠F©gYÎ‹≠Å÷ö≠äöb≠ΩWW≠C°b°≠ºL°b◊°WºE¡°R≠b©ºgCßg  b´c¿ 

éökb©≠ºg≠Cßg≠dWkÚ≠  ºk‚°≠V£E≠Yg≠W©A≠éökñöR©b≠  V~E≠éökñöR©b ¿
 

éökºV‡ºVÕ≠ΩRºk‚°≠Å÷öHzV~FΔºTz≠‡W°≠ºVÕ≠ºZg≠b©ºgCßgö ≠W‹ΩWA≠≠ºTÕ≠Hz≠ãöRß≠≠≠≠WE¡jz≠AÛ≠ºLzc≠¿

FVLz≠gÚ≠RßV (John Dalton) (1766-1844)

d©W≠j~T©V~E≠≠≠≠≠≠C°b°≠j~T©≠nEÚ≠ºCÁkHz≠n÷A≠WºE¡°R‰T£k“°

ñöR©bºVÕA÷®E≠≠≠Ö÷ö‹≠ö1803¿

ÄöW©V C )( nßAkß°ΩkV ÄöW©Vb©≠Q©nßAkß°R C( O )

éök x éök y éök x éök y+

A. 

O )(

C O CO

CO C O

ÄöW©V O )(C )( nßAkß°ΩkVÄöW©Vb©≠Q©nßAkß°R C( O )

éök y éök x éök y+éök x

B. 

CO

For)((CC

é ké k xx

r rro
MM

PTC-E
bo

ok
s

V

dAîöédAîöéök ök éé

T ñöRT ñöR©©b‰Åöb‰Åö

°b´c≠°b´cV ›NN~~NR

WãöRßbßV≠‰WR~AãöRßbßV≠‰WR~

R≠ÄöW©Vb©Q©nR≠ÄöW©Vb©Q©n

Akß°≠ΩkV ¿Akß°≠ΩkV ¿

ks
 Lz≠gÚ≠RßVg≠Rß

d©W≠j~T©V~E≠≠≠≠≠≠C°b°≠j~d©W≠j~T©V~E≠≠≠≠≠≠C°b°≠ ~

ñöR©bºVÕñöR©bºVÕ

M

O(John DaJ hO
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WWWW‹ ‹‹‹QQQQAAAA‰‰‰‰ììììööööccccFFFFååååööööWWWWÚ ÚÚÚ≠ ≠≠≠≠ ≠≠≠kkkkééééööööééééöööö‰‰‰‰RRRR≠ ≠≠≠AAAA‹ ‹‹‹QQQQRRRRÚ ÚÚÚ    ::::    äöb≠FåöWÚ≠≠≠≠k≠éöéö‰RA‹QRÚ kéök≠ãöRß≠V°b´c≠›éöV≠

çöC≠YÎ‹A‹QRÚ f≠éöV≠Vıc≠SznE√ãöRß≠kéökb´cΩRE≠ΩR≠WE¡ºLz≠c≠WVÎ‹≠æV≠ñöR©bL©FÅ÷öHz≠V~FΔf º‰K≠‡≠

ãöRß≠C°b°ΩLg≠WE¡≠éöV ≠≠F‹V´VñöR©bHzAÚíöAÚ ºl°c≠ñöR©bV°b´c≠›≠éöV≠éökA‹QRÚº‰kFö ¿

b©ºgCßg  YÎ‹≠ºLzc ñöR©bÄöW©Vö1 V~E≠ñöR©b≠≠nßAkß°ΩkV≠ö1 ≠HzV~FΔ¿

b©≠ºgCßgÄöW©V≠O°nßA≠kß°R≠ ≠öWE¡ºLzc≠ñöR©b b´c≠≠ V~E≠ñöR©b Z°dHzV~FΔ¿≠≠≠≠ ºV‡WEÏz≠J≠

Sz≠b©ºgCßgÄöW©VO°≠nßA≠kß°R≠éöV≠F‹V´V≠ñöR©bnßA≠kß°ΩkVö LEæV≠ñöR©b≠nßA≠kß° ≠ΩkV≠ΩLg≠éöV≠A÷®E≠

ÄöW©V≠≠b©≠Q©≠nßA≠kß°R¿

WWWW‹ ‹‹‹QQQQAAAA‰‰‰‰ììììööööccccFFFFååååööööWWWWÚ ÚÚÚ≠ ≠≠≠≠ ≠≠≠ZZZZllllßßßßkkkkééééööööééééöööö‰‰‰‰RRRR≠ ≠≠≠    ::::    ‰T£k“°Lz≠gÚRßVXöV≠ZV„gÚZ°FåöWÚZlß≠kéöéö‰R≠Sz≠

k≠éök≠ãöRßº≠YÎE≠≠≠Å÷ö≠ΩLg≠YÎ≠‹ ≠ºLz≠c≠ãöRßß≠WE¡L©F≠Å÷ö Bßk≠Å÷öΩR≠F‹V´V≠ñöR©bæV≠ãöRß≠V°b´c≠›ΩRWß≠ºQ—z‡

L©FHz≠A÷®E≠AdQ°≠ÄöW©V≠≠nßA≠kß°RYg≠ºU∫Wö≠ WEÏz≠J≠Sz≠ ÄöW©VO°≠nßAkß°RéöV≠F‹V´VñöR©bnßA≠kß°≠ΩkV≠

Z°dLE≠æV≠≠F‹V´V≠≠ñöR©bnßA≠kß°≠ΩkVΩLg≠éöVA÷®EÄöW©Vb©≠Q©nßAkß°R ¿

3.          ‰T£k“°ñöR©b≠T‹≠ºV°W

‰T£k“°ñöR©bdWkÚ≠Lz≠gÚRßVXöV≠ºW°A≠Z~aZ≠S‚°≠≠æV≠Äöd≠≠Z~≠ºìöU‰ìöj≠‰Hzj¿ ºLz≠c≠éöV≠Äöd‰Wb©g≠Y“®‹≠

T~V÷≠VıcÑöWÚ≠äö‹E≠Z°≠cßCkbıcLz≠gÚ≠RßVbA F‹QßF≠Tz‹E≠ïöcΩLg≠b~V≠‰C≠WÚ≠‰ÅöVÚºVÕ≠A÷®E≠‰T£k“°≠Lz≠gÚ≠RßV≠

‰R™j≠≠XöV≠íöR≠‰R≠Lz≠EHz≠WºQ“°d›¿ Y‘®c≠Z°≠‰T£k“°Lz≠gÚ≠RßVñöR©b≠BÁ‡ñöFF©g≠YÎ‹≠Hz≠b´c≠ñöR©bL©FÅ÷öºL°b◊°≠≠≠

WºE¡°R≠Hz≠b©≠ºgCßg¿ qTzldQˆ:b©≠ºgCßgn≠ß°‰L™ΩkV  b©≠ºgCßgnßA≠kß°≠ΩkV b©≠ºg≠Cßg≠

ñök©R  ºl°cV£E≠éöV≠b©≠ºgCßgºYÎE›≠ºT∫R¿ ÄöddA≠ºD°J≠Äö‹≠dk‚°  V~Ej~T„®≠kAb‚≠ºVÕ≠

FßE≠≠kRjRÎ≠≠T°ö19V~E≠≠≠≠ºL°≠bkRjRÎT°ö20 XöV≠WK»z≠AÚ≠Sz≠ºVÕ≠A÷®E≠AdQ°BÁ‡ñöR©b‰R™j≠XöV≠W‹≠YÁzJ¿ kZÍ≠æS≈≠≠≠

ºV‡≠n÷A≠j~TêöìöÂk“≠ñöFW‹≠ΩWAñöR©bx„ºTÕ≠Hz≠çöC≠gÓ~RR©F≠›ºl°c≠ñöF≠W‹≠YÁz≠JV~E≠WºE¡°R≠ñöR©b≠≠XöV¿

ÄöW©V nßAkß°ΩkV ÄöW©Vb©≠Q©nßAkß°R 

A.

C( ) O( ) CO( )

CO

ÄöW©V nßAkß°ΩkV ÄöW©VO°nßAkß°R 

B.

nßAkß°ΩkV

C( ) O( ) O( ) CO2( )

CO2 C O

2

2 1⁄

H( 2 ) O( 2 )

N( 2 ) X )(

For
 ©bdWW

äö‹E≠Z°≠cßE≠Z°≠cßä CC

íöRíöR‰R‰RLz

M
PTC-E

bo
ok

s´´ ~E≠ñ~E≠

ΩkVö LEæVö LE

‰‰‰‰‰‰‰‰‰‰RRRRRRRRRR≠ ≠≠ ≠RRRR    RRRR :::::::::::::     :: ‰T‰ £k“°£k“°‰T‰T LL

RRßß≠ß ß ≠WEW ¡L©F≠Å÷¡L©F≠Å÷E ÅÅ

ºU∫WöºU∫Wö

ΩkVΩLg≠éöVkVΩLg≠éö

b≠T‹≠ºV°Wb≠T‹≠ºV°W

kÚLzLzgg

22)O2

C bbc≠≠cbb  c≠≠ E≠ñE≠VV

2 11⁄⁄

Only

FΔ¿

kß°R R 
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• ‰W≠Ωlg≠Hz≠ö400öÖ÷ö‹bßVö≠C.k ΩLg≠TkÎVj~T©≠‰A~F≠ºLb©≠‰C°R cgÚ≠Sz≠d©W≠ãöRß≠Tz‹E≠nkÚ≠≠≠≠≠≠WE¡≠ºLz≠c≠

ñöR©b¿

• ºVÕ≠Ö÷ö‹≠ö1803 Lz≠gÚ≠RßV XöV≠ºFJ≠V©j≠‰T£k“°≠ñöR©b≠ΩLg≠éöVö5F‹QßF :

-‰CWÚ≠ãöRß≠Tz‹E≠nkÚYÎ≠‹≠ºLz≠cçöC≠gÓ~RR©F≠›ºlÕ≠Sz≠ ñöR©b¿

-ñöR©b≠æV≠ãöRßΩR≠b´c éöV≠éök T‹l‹ V~EgA¬Q:L©F≠Å÷ö¿

-ºC≠b~VñöF≠W‹≠ΩWA WºE¡°R f≠W‹≠YÁ≠zJñöR©b≠XöVºT¿

-ñöR©b≠æV≠ãöRß≠ºYÎE≠Å÷ö F©g≠YÎ≠‹≠Å÷öäöb≠Yg≠ºU∫W≠Hz≠F‹V´VCRÚ¿

-A÷®E≠ºZg‰≠WR~≠Ab‚≠C°b°≠ ñöR©b≠ñöF≠F©g≠YÎ≠‹≠Å÷ö Y“z≠FÚ≠ºFJ≠Z°≠Å÷öö fRº‰bªW≠ìöHz≠S‚°¿

• FFFFååååööööWWWWÚ ÚÚÚ≠ ≠≠≠ddddAAAAîîîîööööéééé öööökkkk    ::::    éökæV≠nE√≠ãöRß‰W≠R~≠Ad≠ºk‚≠°≠V£E≠éökæV≠nE√≠ãöRß≠AºA°R¿

• FFFFååååööööWWWWÚ ÚÚÚ≠ ≠≠≠kkkkééééööööééééöööö‰‰‰‰RRRR≠ ≠≠≠≠ ≠≠≠AAAA‹ ‹‹‹QQQQRRRRÚ ÚÚÚ    :::: ‰C≠WÚ≠nE√ãöRßkßT’≠éöV≠çöC≠YÎ≠‹N~R≠A÷®Ekéöéö‰RHz≠éök≠A‹QRÚ≠ºl°c≠

ºSd≠Hz≠V~FΔ¿

• FFFFååååööööWWWWÚ ÚÚÚ≠ ≠≠≠ZZZZ≠ ≠≠≠llllßßßß≠ ≠≠≠kkkkééééööööééééöööö‰‰‰‰RRRR    :::: ÄögQz≠ãöRßZ°d≠F©g≠YÎ≠‹Å÷öWºE¡°R≠XöV≠Hz≠k≠éök≠ãöRß≠Z°d≠f≠º‰F°V≠ºVz‡≠≠≠

Yg≠ºU∫W≠éökdjz≠EãöRß≠T°≠Z°dYÎ≠‹V£E≠éökb´cL©F≠Å÷öæV≠ãöRß≠T°b´cHz≠F‹V´VCRÚ≠R©F¿

emeronseg≈b

For
 M

PTPTC-E
bo

ok
sfRº‰bª

nE√≠ãöRß≠AºA°

Î≠‹N~R≠A÷®Ek

g≠YÎ≠‹Å÷öWº

kb´cL©F

TC

Only
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1.  F©d≠Z~ZQ¯Vz≠FåöWÚ≠dAîöéök V~EZV„gÚFåöWÚ≠ºV‡ºLz≠c≠º‰W°≠‰T£k“°ñöR©bdWkÚ≠Lz≠gÚRßV¿ k‹Q´d≠L©F≠≠

Å÷öºV‡ΩLd≠F‹ºK≠‡FåöWÚ≠kéöéö‰RA‹QRÚ≠ V~EFåöWÚ≠Zlß≠kéöéö‰R¿

2.  F©d≠Z~≠ZQ¯≠Vz≠Z°≠‰T£k“°≠ñöR©bdWkÚ≠Lz≠gÚRßV V~EF‹QßF≠BÍ‡≠Bz≠RdWkÚ≠‰T£k“°ºV‡¿

3.  ºR°≠F‹QßFQzBÁ‡æV≠‰T£k“°ñöR©bdWkÚ≠LzgÚRßVΩLg≠éöV≠RæbÁdl©RLgÚWFΔ®W◊V÷?

≠

sMNYrniglMhat'

For
 M

PTC-E
bo

ok
s O

nly

÷
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‰CWÚ≠nE√≠ãöRßTz‹E≠nkÚ≠WE¡≠ºm°E≠ºLzc≠ñöR©b¿ ñöR©bæV≠ãöRß≠ΩR≠b´cL©FÅ÷öºl°c≠BßkZ°≠ñöR©b≠æV≠

ãöRß≠ºYÎE≠ºT∫R≠¿≠ ºL°b◊°≠A‹QRÚãöRß≠C°b°b´cÑö‹≠XöFÚ≠ºC≠‰R™j≠ì√ögÚ≠Z°T‰bEÚ≠ñöR©bdWkÚ≠jz≠¿

1.           ñöR©b

ñöR©b≠V°b´c›≠éöV≠Z°d≠ΩY÷ABßk≠Å÷ö ºVÕ≠F‹AQ“z≠gC•≠æQÍc©V~EºVÕ≠ZıT’≠Hß‹≠j~JC•≠ZZA≠ºn≠m~F≠‰R®E¿

1 . 1        j~≠éö‰RñöR©b

ñöR©b≠éöV≠j~≠éö‰R≠R©F≠QzkÚ≠ ºC≠ÑöRÚ≠TßA≠ñöR©b≠Hz≠ΩkÍ˙≠b´c≠ΩLg≠éöV≠Äö‹≠‰W≠Ωlg  f

(ö QzQ©Ωb≠‰Rö )¿ ºC≠b~V≠XöVL£EZ~R≠‰XöALZ°≠Äö‹≠dWkÚ≠ñöR©bb´c≠ΩLg≠

ºVÕ≠Lz≠FÚ≠ΩR≠uEºT Wß≠ΩV“≠ºC≠‰ÅöVÚ≠ΩR≠L£ESzÄö‹≠dWkÚ≠ñöR©bΩLg≠U‹≠Hz≠EºC C•≠ºkk„™b éöV≠‰W≠Ωlg‰Xö‹≠Z°d≠≠

LE≠æV≠Äö‹≠ñöR©bΩLg≠R©F≠Hz≠EºC C•≠nß°≠‰L™≠ΩkV¿

1 . 2        j~≠éö‰R≠æQÍ≠c©

ºC≠ñöFäöE≠æQÍ≠c©Hz≠ΩkÍ˙≠b´cΩLg≠éöV≠Äö‹≠‰W≠Ωlg L©ºF÷‡≠Äö‹≠ ≠ñöR©b≠U‹≠Hz≠E≠Äö‹≠ ≠æQÍ≠c©

≠LE¿

2.           çöC≠gÓ~RWE¡ñöR©b

ñöR©b≠WE¡≠ºm°E≠ºLzc≠≠çöC≠gÓ~RR©F≠›≠éöV≠ ‰W™RßE Q•≠‰R®E V~E≠ºn≠m~F≠‰R®EΩLg≠éöV≠gA¬Q:≠L©F≠

WEÏzJA÷®E≠äöëöE≠BzE≠º‰Äöb :

emeronTI

2 T®mg'GatUm

  

  ❒  ºd∫W≠ëöWÚXöV≠Z°≠k≠éökçöZdWkÚ≠ñöR©b V~E≠gA¬Q:dWkÚ≠çöC≠gÓ~R≠WE¡ñöR©bV°b´c≠›¿

  ❒  x„V~cbVıcn≠ß°k©R©W ≠ãöRßC°b° V~Eb©g¿

  ❒  kdºkdXöV≠Z°Rº‰bªW≠ºn≠m~F≠‰R®E≠ºVÕ≠A÷®E≠ 20 ≠ãöRß≠L‹W©E¿ 

  ❒  CQVz≠F‹V´Vb©g V~E≠éökæV≠ìöd≠ãöRßäöb≠dc:≠d©WbV“ :  ¿m n M×=

FWÚºbºd∫VºV‡≠ k~kÎñöF

10 10– m

1
10
------nm 1 1nm( ) 10 9– m=

10 15– m

105

For

g≠R©F≠Hz≠EºC F≠Hz≠EºC

QÍ≠c©QÍ≠c©

æQQ

M
PTC-E

bo
ok

s ã RRß≠ΩRΩR≠b´≠b´RR cLcL

ì√ögÚ≠Z°T‰bEÚ≠ñgÚ≠Z°T‰bEÚ≠ñ

F‹AQ“z≠gC•≠æQF‹AQ“z≠gC•≠æQ

ºCºCÑöRRÚ≠TßAÚ≠TßARR

‰ÅöVÚ≠ΩR≠L£ES‰ÅöVÚ≠ΩR≠L£ES

••

9–

OOnly¿O
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ºc°E≠ºD°J≠Sz≠ : 

- ‰W™≠RßE≠éöV≠WV‘®AnC√~kV°≠j~H»≠éöV≠ΩLg≠éöV≠RæbÁ≠ºk‚°≠Å÷öºTÕ≠V£E≠WV‘®A≠nC√~kV°≠nj~H»≠éöV≠æV≠ºn≠m~F≠≠

‰R®E uQ•≠‰R®E≠Å‚öV≠WV‘®A≠nC√~kV°≠ºT¿

- ‰W™≠RßEV~E≠Q•≠‰R®E≠éöV≠éök≠‰W≠lzAÚ≠‰W≠Ωlg≠Å÷öºl°c≠éöV≠RæbÁ‰W≠Ωlg≠Hz≠ LE≠æV≠éök≠

ºn≠m~F≠‰R®Eb́c¿ ‰W≠k~V≠ºW°≠ñöR©b≠b´c≠ΩLgéöV≠ºn≠m~F≠‰R®E≠R~F≠Hz≠E ≠ºVz‡≠éök≠ºn≠

m~F‰R®E≠Tz‹E≠nkÚ≠Hz≠RæbÁ≠b´c≠ñöFºÑög≠XöV≠ºLzcºU∫WV£Eéök≠‰W™RßEV~E≠éök≠Q•≠‰R®E¿ 

L©ºF÷‡ éök≠ñöR©b≠Tz‹E≠b©g≠C•≠Hz≠éökæV≠‰W™≠RßEV~E≠éökQ•≠‰R®E¿

≠≠≠     V~E  L©ºF÷‡ éök≠ñöR©b ¿

3.           T‰bEÚñöR©b≠(≠T°≠äö‹E≠çöCgÓ~RºVÕ≠A÷®E≠ñöR©b)

3 . 1       æQÍc©

ºVÕA÷®EñöR©b çöCgÓ~R‰W™RßEV~E≠Q•≠‰R®E≠Y“®‹≠Å÷öºVÕ≠A÷®E≠æQÍc©¿ ºLzc≠‰W™RßE≠Y‘®A≠nC√~kV°j~H»≠éöV 

L©ºF÷‡æQÍ≠c© C•≠Hz≠ΩY÷A≠æV≠ñöR©bΩLg≠éöV≠WV‘®A≠nC√~kV°j~H»≠éöV¿

3 . 2       ºnm~F‰R®E 

ºn≠m~F≠‰R®E≠Tz‹EïöcYÁz≠kÚ≠T°≠èöE≠ºgÆVHß‹≠j~≠J≠æQÍc© lz≠AÚ≠

L©F≠Hz≠aZ≠Tz‹E≠ïöc≠ΩLg≠j~g≠Hß‹j~J≠‰Z‡≠ñöT~R„ WºE¡°R≠XöV≠Hz≠ZZA≠

ºn≠m~F≠‰R®E¿≠≠≠ ZZA≠ºn≠m~F≠‰R®E C•Hz≠ΩY÷AæV≠ñöR©b≠ΩLg≠éöV≠WV‘®A≠

nC√~kV°≠nj~H»≠éöV¿

4.           nR“≠kKÀ≠zQdWkÚ≠ãöRß

æQÍ≠c©ñöR©bV°b´c≠›öéöV≠F‹V´V≠‰W™RßE  V~EF‹V´VVßc≠ºAÁ≠nßE ¿

F‹V´V≠‰W™≠RßE  fF‹V´V≠WV‘®A≠  fºgBñöR©b  C•≠Hz≠F‹V´V≠‰W™≠RßE≠ΩLg≠éöV≠ºVÕ≠A÷®E≠

æQÍ≠c©æV≠ñöR©bdWkÚ≠ã≠öRßb´c¿

≠çöC≠gÓ~R V~b~R“≠kKÀ≠z WV‘®A( CöC©m®‹ ) éök≠ºU∫W éökZ~R

‰W™≠RßE

Q•≠‰R®E

ºn≠m~F≠‰R®E

p 1 1.602 10 19– C×≈( )+ 1amu mp 1.673 10 27– kg×=

n 0 1amu mn 1.675 10 27– kg×=

e– 1 1.602 10 19–× C–≈( )–
1

1840
------------amu me– 9.109 10 31–× kg=

1840

100

mp mn= mp 1840me–= mp mn+≈

d©WT°ö1 : C‹V©k≠äöEZZA≠ºn≠m~F≠‰R®E≠
æV≠ñöR©bnß°≠‰L™≠ΩkV

Z( ) A( )

Z( ) Z( ) Z( )

For

‰ ®

F≠‰R®E≠Tz‹Eï‰R®E≠Tz‹E

®®

Z≠Tz‹E≠ïöc≠ΩLZ≠Tz‹E≠ïöc≠ΩL

‰R®E¿≠≠≠ ZZE¿≠≠≠ Z

M
PTC-E

boL©ºF÷  éö©ºF÷  éöL

RºVÕ≠A÷®E≠ñöR©bRºVÕ≠A÷®E≠ñöR©

R‰W™RßEV~E≠Q•R‰W™RßEV~E≠

æV≠ñöR©bΩLg≠éV≠ñöR©bΩL

EE

oo
ks

n≠m~F≠‰R®m ‰

LzcºU∫WV£EécºU∫WV£E

W™≠RßEV~E≠éökQEV~E≠éökQ

LºF‡ é kF‡ éLLºF‡ éökF‡ éöL

Only

nC√~kV°≠nj~H»≠éC√~kV°≠nj~H

V≠RæbÁ‰W≠Ωlg≠HRæbÁ‰W≠Ωlg

‰R®E≠R~F≠Hz‰RER~F
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F‹V´V≠Vßc≠ºAÁ≠nßE fF‹V´V≠éökñöR©b  C•≠Hz≠F‹V´V≠kdßW≠æV‰W™≠RßE≠V~E≠Q•≠‰R®E≠ΩLg≠éöV≠

ºVÕ≠A÷®E≠æQÍ≠c©æV≠ñöR©bdWkÚ≠ã≠öRßb´c¿

 V~E  C•HzF‹V´VCRÚ F‹V´V≠‰W™≠RßE F‹V´VQ•≠‰R®E

f F‹V´V≠Q•≠‰R®E f F‹V´V≠Q•≠‰R®E

ºC≠äöEæQÍc©æV≠ãöRß  b´c≠ºLz≠cV~b~R“kKÀ≠z 

ºW°≠ñöR©bæV≠ãöRß b́céöV ‰W™RßE jz≠AÛ≠‰R™j≠éöV ºn≠m~F≠‰R®EΩLd º‰K≠‡≠Sz≠ñöR©b≠V°b´c≠›≠

Q•R äöbVıcnC√~kV°¿ö

L©ºF÷‡ F‹V´V≠‰W™≠RßE F‹V´V≠ºnm~F≠‰R®E ºgB≠ñöR©b¿

ÄögQz≠ºC≠ì√ögÚ  V~E  dWkÚ≠æQÍc©≠ãöRß≠b´cºC≠ñöFA‹QRÚF‹V´V  F‹V´V  V~E≠

F‹V´Vö  æV≠ãöRß≠ºVz‡≠XöV¿

qTzldQˆ :  T‰bEÚ≠ñöR©bk©L„™b

V~b~R“kKÀ≠z≠æQÍc©kdºkd      ñöR©bk©L„™béöV   ,   V~EF‹V´V     

Q•‰R®E ¿

äöëöE≠WEÏz≠J≠Z°çöC≠gÓ~RWE¡≠ñöR©bdWkÚ≠ãöRß≠ö20L‹W©E  

ãöRß≠C°b° ºgB≠ñöR©b F‹V´Véökö F‹V´Vööö F‹V´Vö F‹V´V   ö

nß°≠‰L™≠ΩkV         

ºn≠g„™b  ≠       

g°F©b   ö        

ºWd°≠g„™b        

Wd       ö      

ÄöW©V    ö       

ñök©R   ö ≠ö       

n≠ßAkß°≠ΩkV ö     

A( ) A( )

Z( ) A( ) A = +

A Z += A Z–=

X X ←
F‹V´V≠éök

F‹V´V≠‰W™RßE Z

A
V~b~R“kKÀ≠zãöRß

X Z Z

Z( ) = =

Z A p n

e–

23

11
Na 11p 11e–

23 11– 12n= =

Z A p e– n A( Z )–

H )( 1 1 1 1 0 1 1–( )

H( e ) 2 4 2 2 2 4 2–( )

L( i ) 3 7 3 3 4 7 3–( )

B( e ) 4 9 4 4 5 9 4–( )

B )( 5 11 5 5 6 11 5–( )

C )( 6 12 6 6 6 12 6–( )

N )( 7 14 7 7 7 14 7–( )

O( ) 8 16 8 8 8 16 8–( )

For
 

ForFoF

) 3

BB ee ))

M
PP

MM
PTFV´VVF

PTPPTC-E
bo

ok
s 

ñ R©b¿

FA‹QRÚF‹V´FA‹QRÚF‹V´

R©bk©L„™béöVR©bk©L„™béö

C≠gÓ~RWE¡≠ñöR©C≠gÓ~RWE¡≠ñ

‹ ‹

PTTC

FVVéVVéF

1

22

Only

º‰KK≠‡≠Sz≠ñöR©b≠V°≠‡≠Sz≠ñöR©bKK
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5.           n≠ß°k©R©W

5 . 1     V~cbVıc

ºVÕ≠A÷®EUb‚Hz≠R~ ºZg≠BÁ‡ºC≠kºE¡R≠ºD°J≠ñöR©bæV≠ãöRß≠C°≠b°≠ΩR≠b´c≠éöV≠éökBßkÅ÷öö qTzldQˆ≠

TEÚ≠ΩLEUb‚≠Hz≠R~éöV≠ñöR©bZ°d≠‰W≠ºaTC• TEÚ≠ΩLEö V~ETEÚ≠ΩLEö ¿ö

ñöR©bTEÚ≠ΩLETz‹E≠Z°d≠éöV≠F‹V´V≠‰W™≠RßEL©F≠Å÷ö ΩR≠Bßk≠Å÷öºLz≠c≠F‹V´V≠Q•≠‰R®E L©ºF÷‡F‹V´V≠éök≠

dWkÚ≠≠jzBßk≠Å÷ö¿≠ ‰WºaTñöR©bTEÚ≠ΩLETz‹E≠Z°dHz≠nß°k©R©WV£E≠Å÷ö¿

aÁ®cnd    ö     

ºQnßE  ≠    

k©L„™b       

éöºJ≠k„™b   

ñögßc≠b°≠J™b   

k°ßg°k„™b     

Y©kÍd         

ì⁄öVÚ≠Uıd       

AÁd      ö    

ñöAßE       

W©≠äök„™b    

ÄögÚ≠k„™b   

‰W≠ºaTñöR©b V~b~R“≠kKÀ≠zæQÍc©
F‹V´VVßc≠ºAÁ≠nßE

% A÷®E≠gåöc≠Ub‚≠Hz≠R~

TEÚ≠ΩLE 

TEÚ≠ΩLE 

F( ) 9 19 9 9 10 19 9–( )

N( e ) 10 20 10 10 10 20 10–( )

N( a ) 11 23 11 11 12 23 11–( )

M( g ) 12 24 12 12 12 24 12–( )

A( l ) 13 27 13 13 14 27 13–( )

S( i ) 14 28 14 14 14 28 14–( )

P( ) 15 31 15 15 16 31 15–( )

S )( 16 32 16 16 16 32 16–( )

C( l ) 17 35 17 17 18 35 17–( )

A( r ) 18 40 18 18 22 40 18–( )

K( ) 19 39 19 19 20 39 19–( )

C( a ) 20 40 20 20 20 40 20–( )

63 65

p n

63
63

29
Cu 29 34 69.2

65
65

29
Cu 29 36 30.8

ForñöR©bb or ~orF3

M
PTC-E

gg≠BÁ‡ºC≠kº≠BÁ‡ºC≠kºgg

ñöR©bZ°d≠‰W≠ºañöR©bZ°d≠‰W≠ºa

Ebobobo
o

bo
ok

s kskso
boE

M

7

1818

1919

4040
OnlyOnlyOnO

lylyly

1

15 1616

1616

17
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V~cbVıc : nß°≠k©R©WC•≠Hz≠≠‰W≠ºaT≠ñöR©b≠æV≠ãöRß≠ΩR≠b´cΩLg≠éöVF‹V´V≠Q£•≠‰R®E≠Bßk≠Å÷ö¿

ºC≠‰WT‡≠ºD°JéöV≠nß°k©R©W≠Ub‚≠Hz≠R~ ≠‰W≠éöQHz≠E ‰W≠ºaT≠BßkÅ÷öV~E≠‰W≠éöQHz≠

nß°k©R©WV~b~R“¿

äöëöEBz≠Eº‰Äöb≠WEÏz≠J≠Z°≠nß°≠k©R©W≠æV≠ãöRß≠b´c≠F‹V´V 

gA¬Q:L©FÅ÷öV~E≠Bßk≠Å÷öæV≠nß°≠k©R©W≠‰R™j≠XöVk≠ºE¬W≠ºVÕ≠A÷®E≠äöëöE≠BzE≠º‰Äöb :

ãöRß≠C°b° V~b~R“kKÀ≠z≠æQÍ≠c©≠nß°≠k©R©W %nß°≠k©R©WA÷®E≠Ub‚≠Hz≠R~ éökñöR©bbU„bö ≠ 

nß°≠‰L™≠ΩkV 

(ãöRß≠V~b~R“)

ÄöW©V 

V°≠‰R™≠ΩkVfñök©Rö

nßA≠kß°≠ΩkV 

AÁd 

300 1500

amu( )

H )(

1

1
H 99.98

1.008
2

1
H 0.02

3

1
H

C( )

12

6
C 98.9

12.001
13

6
C 1.1

14

6
C 10 10–

N( )

14

7
N 99.63

14.007
15

7
N 0.37

O( )

16

8
O 99.76

15.994
17

8
O 0.04

18

8
O 0.20

Cl( )

35

17
Cl 75.76

35.48
37

17
Cl 24.24

gA¬Q:L©FÅ÷ö gA¬Q:BßkÅ÷ö≠≠≠≠

F‹V´V‰W™RßE

F‹V´Vºn≠m~F≠‰R®E

ºgB≠ñöR©b

gA¬Q:C°b°

F‹V´VQ•≠‰R®E

F‹V´Véök

gA¬Q:d©W :q. A‰b~Rdíöc LEÚ≠kß°≠ºR

For:L©FÅ÷öV~E≠Bß:L©FÅ÷öV~E≠Bßoror
 

ororF
M

PTC-EC-E-E
b

-EE
bo

ok
s ssk

oo
Eb

C-E
TC

PT
M

P
M

10 10–10

99.6399.63

88
OO

1818

88
OO

3535

1

OnlyOOn

1.0081.008
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5 . 2      dºW∫W≠CQVz≠éök≠ñöR©b≠bU„b≠

qTzldQˆ≠ È  éök≠ñöR©bbU„bdWkÚ≠AÁdC• ¿ éökñöR©b≠dWkÚ≠AÁd C•≠Hz≠éökb≠U„bæV≠

Vßc≠ºAÁ≠nßE≠Tz‹E≠nkÚ≠dWkÚ≠nß°≠k©R©WTz‹E≠Z°d  V~E  ºl°c≠çöZ≠kb◊™d≠dWkÚ≠jz≠A÷®E≠Ub‚≠Hz≠R~≠‰R™j≠

XöV≠WEÏz≠J≠A÷®E≠äöëöE≠BzE≠ºg°¿

éökñöR©bbU„b  

   ö  f  B.n≠

5 . 3      ãöRß≠C°b°

äöb≠dc:≠nß°k©R©W ºC≠ñöFx„V~cb≠Vıc≠ãöRß≠C°b°Sz≠ ãöRß≠C°b°≠b´c≠‰R™j≠A‹QRÚ≠ºLz≠cºgB≠ñöR©b  

fF‹V´V‰W™≠RßEA÷®E≠æQÍc©¿

qTzldQˆ È ãöRß≠C°≠b°TEÚ≠ΩLE ¿ ñöR©bb´c≠ºVÕLz≠FÚ≠ΩR≠uEA“° ºVÕ≠A÷®E≠WVÎ‹A“°ΩLg≠

éöV≠ºgBñöR©b  C•≠Hz≠ñöR©bTEÚ≠ΩLE¿ ñöR©bb´c≠ΩLg≠éöV  ‰W™≠RßE≠ºVÕ≠A÷®E≠æQÍc© C•≠Hz≠

ñöR©b≠TEÚ≠ΩLE¿ ñöR©b≠b´cΩLg≠éöV≠ºgB≠ñöR©bBßk≠Z°  b~V≠ΩbVHz≠ñöR©bTEÚ≠ΩLEºT¿

6.           ‰k≠Tz≠WÚ≠ºn≠m~≠F≠‰R®EæVñöR©b

ºc°E≠L£E≠Sz≠ ºnm~F≠‰R®E dWkÚ≠ñöR©b≠b´c≠YÁz≠kÚ≠T°≠èöE≠

ºgÆV≠≠Hß‹≠j~J≠æQÍ≠c©¿ ºn≠m~F≠‰R®E≠Tz‹E≠ºV‡‰R™j≠XöV≠TzJ≠ºTÕ≠Bz≠E≠≠

æQÍ≠c©ºLz≠c≠ìöd≠AéÁö‹ET‹Vz≠J≠djz≠E≠WV‘®A dWk≠Ú≠≠ ≠‰W™≠RßEV~E≠

WV‘®Aö dWkÚ≠ºn≠m~F≠‰R®E ¿ ºL°b◊°≠Y“z≠FÚ≠ºnm~F≠‰R®E≠Tz‹E≠ºV‡≠

ºFJ≠Z°≠ñöR©b≠ºC≠‰R™jº‰W°≠Sz≠b≠Zg≠b´c¿ Z~ºìöUVˆ≠  WEÏz≠J≠≠Sz≠

ºn≠m~F≠‰R®EBÁ‡≠Ezc≠Y“zFÚHz≠Eºn≠m~F≠‰R®E≠BÁ‡≠ºT∫R¿ ºèöE≠ºTÕ≠

äöb≠‰T£k“° ºn≠m~F≠‰R®E≠‰R™j≠XöV≠Z‰Ezc≠Hz≠‰k≠Tz≠WÚ≠›¿ ºn≠m~F≠‰R®E≠ΩLg≠N~RºVÕ≠A÷®E≠‰k≠Tz≠WÚ≠Hz≠b´c≠Å÷ö≠

éöV≠Fé≈≠öcHz≠b≠U„b≠ºTÕ≠æQÍ≠c© ≠L©F≠Å÷öºl°c≠‰R™j≠Äöd≠Sz≠b≠Zg≠WQ“zFÚ≠ ≠ ≠ ≠ºn≠m~F≠‰R®EAÛ≠ºk‚° ≠Å÷ö ≠ΩLd¿

ºC≠V~èöc≠≠Sz≠ ºn≠m~F≠‰R®E≠Tz‹E≠ºVz‡≠N~R≠A÷®EV°j©Sz≠b≠Zg ≠Hz≠b´c≠Å÷ö¿ ºLz≠c≠ºn≠m~F≠‰R®EYÁz≠kÚ≠T°≠èöE≠

ºgÆV ºC≠b~V≠ñöFA‹QRÚXöV≠Z°≠T°≠äö‹E≠Z~R≠‰XöALdWkÚ≠ºn≠m~F≠‰R®E≠ºVÕ≠A÷®E≠CVÁEjzºT ΩR≠ºC≠ñöF≠V~èöc≠

Sz≠ ºn≠m~F≠‰R®E≠ºV‡N~≠R≠A÷®EV°j©Sz≠b≠ZgQz≠b´c≠ΩR≠WßºQ—z‡¿

35.5

35

17
Cl

37

17
Cl

Cl( ) 35
75.76
100

-------------×⎝ ⎠
⎛ ⎞ 37

24.24
100

-------------×⎝ ⎠
⎛ ⎞+=

35.48 35.5amu≈= 35.5

Z

Z 29=

Z 29= 29

29

æQÍc© 

ºn≠m~F≠‰R®E

(11‰W™RßE V~E 12Q•≠‰R®E)

d©WT°öö2 : Rº‰bªW≠çöC≠gÓ~RºVÕ≠
A÷®E≠ñöR©bk©L„™b

11p
12nZ

Z+

Z–

For

‰ ™

‡≠Ezczc≠Y“≠Y“cc zFY

““ ºnºn≠m~F≠≠m~F≠n ‰R‰RR

cHzHz≠bb

M
PTC-E

bo
o´

Bßk≠Z°Z°  b  bZZ ~~

ñ R©bR©b

WkWkÚkkñöRñöR©b≠b´bbRR

®E≠®E≠TzTz‹E≠‹Ezz ºV‡‰RºV‡‰R

≠J≠≠J≠djzdj ≠E≠EWVWV

‰R‰R®E ¿ ºLE ¿ ºL°LL

jº‰Wº‰W°°‰W‰WSzSz≠b≠bZZ

ks´c≠´c≠b ºVÕLzºVÕLz

ΩLΩLbbc≠ΩLg≠c≠ΩLg≠éé

2929

Onlyc≠‰R™j≠A‹QRÚ≠ºLz≠cc≠‰R™j≠A‹QRÚ≠ºL

ΩR
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ºC≠ëöWÚ≠‰kTz≠WÚ≠ºn≠m~F≠‰R®EZ°≠æQÍ≠c©ºTÕ≠º‰Äö¤ L©FHz K , L , M , N . . .¿ ‰kTz≠WÚT° 1 f K C•≠Hz≠

‰kTz≠WÚ≠ΩLg≠ºVÕ≠H~R≠æQÍc©≠Hz≠EºC¿

ºn≠m~F≠‰R®E≠ΩLg≠ºVÕ≠H~R≠æQÍc©Hz≠EºC éöV≠≠≠k”~dçöZHz≠Eºn≠m~F≠‰R®E≠ΩLg≠ºVÕ≠‰kTz≠WÚ≠BzE≠º‰Äö¤≠

WV‘zWÚ¿ 

‰kTz≠WÚ≠V°b´c≠›ñöFY‘®A≠ºn≠m~F≠‰R®EXöV≠n≠R~≠Wdéö≠F‹V´V  ΩLg  HzºgB≠‰kTz≠WÚ¿

‰kTz≠WÚ≠T° 1 f‰kTz≠WÚ K ñöFY‘®AHz≠nR~WdéöF‹V´V 2ºn≠m~F≠‰R®E

‰kTz≠WÚ≠T° 2 f‰kTz≠WÚ L ñöFY‘®AHz≠nR~WdéöF‹V´V 8ºn≠m~F≠‰R®E

‰kTz≠WÚ≠T° 3 f‰kTz≠WÚ M ñöFY‘®AHz≠nR~WdéöF‹V´V 18ºn≠m~F≠‰R®E

dºW∫W≠W‹≠ºZJ≠ºn≠m~F≠‰R®E≠äöb≠‰kTz≠WÚ

Äöd≠Rº‰bªW≠ºn≠m~F≠‰R®E≠äöb≠‰kTz≠WÚ ‰R™j≠W‹≠ºZJ≠ºTÕ≠äöb≠g‹Lz≠WÚ K  L  M  N . . .¿ ÄögQz≠

‰kTzWÚ K Y‘®A≠ºnm~F≠‰R®E≠nR~≠Wdéö ºT°W≠W‹≠ºZJ‰kTz≠WÚ≠ L¿ ºW°‰kTz≠WÚ≠ L Y‘®A≠ºnm~F≠‰R®E≠nR~≠Wdéö

ºT°W≠W‹≠ºZJ≠‰kTz≠WÚ≠ MM¿ Wß≠ΩV“Äög≠Qz≠‰kTz≠WÚ≠ MMY‘®A≠ºn≠m~F≠‰R®E≠F‹V´V 8ºl°c‰kTz≠WÚ≠ºV‡≠éöV≠k”~d≠

çöZ¿≠ ºn≠m~F≠‰R®E≠WV‘zWÚ ‰R™j≠F©g≠ºTÕ≠W‹ºZJ≠ºVÕ≠A÷®E≠‰kTz≠WÚ≠ N j~J ºTz‡≠‰kTz≠WÚ M ≠b~V≠TzVÚ≠éöV≠

ºnm~F‰R®E≠‰CWÚF‹V´VAÛ≠ºLzc¿

ºn≠m~F≠‰R®E≠ΩLg≠ºVÕ≠ºg°≠‰kTz≠WÚ≠º‰Äö¤≠WEÓ≠kÚ ºlÕ≠Sz≠ ºn≠m~F≠‰R®E≠j≠z≠mEÚ ΩLg≠éöV≠Vz≠T°≠èöE≠

k‹Bz≠VÚA÷®E≠Äöd≠A‹QRÚgA¬Q:dWkÚ≠ãöRßV~E≠A÷®E≠Äöd≠FE≠kb⁄ıV’djz≠EñöR©b¿

2n
2

n

æQÍc©

1 2 3 4
K L M N

‰kTz≠WÚ≠ºn≠m~F≠‰R®E

⎭ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎬ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎫

‰kTz≠WÚ≠ºn≠m~F≠‰R®E ºn≠m~F≠‰R®E≠n≠R~≠Wdéö 2n
2

K n 1=

L n 2=

M n 3=

2 12⋅ 2=

2 22⋅ 8=

2 32⋅ 18=

F‹V´V≠ºn≠m~F≠‰R®E≠nR~≠Wdéöäöb≠‰kTz≠WÚ

For
 m

n≠m~F≠m~F≠n ‰R‰R®E≠®ERR

ºnm~F≠‰R®E≠nºnm~F≠‰R®E≠

WÚ MM

M
PT

m~F≠‰R®E≠äöbm~F≠‰R®E≠äöb

TC-E
bo

okokkokk
s kskssksksks44

NN

‰R®E

⎪ ⎪⎪⎪ ⎪⎪⎪⎪⎪ ⎪⎪⎪⎪⎪ ⎫⎫⎪⎪⎪

m~F≠‰R®E≠n≠R~≠WdéöF≠‰R®E≠n≠R~≠Wdé

C
oo

Eb
T

1122 2= 2=

2 22 222

22

F‹V´V≠ºn≠m~FF‹V´V≠ºn≠m~F

Only
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äöëöEd≠Xöc≠ºn≠m~F≠‰R®E≠äöb≠‰kTz≠WÚ≠dWkÚ≠ãöRß 20L‹W©E 

ãöRß≠C°b°
V~b~R“

kKÀz

ºgB≠

ñöR©bö

F‹V´V

ºnm~F‰R®E

‰kTz≠WÚ≠ºn≠m~≠F‰R®E ≠T‰bEÚ≠≠ºn≠m~F≠‰R™≠V~F≠

fdXöc≠ºnm~F‰RßE

nß°≠‰L™≠ΩkV           

ºn≠g„™b            

g°F©b       

ºWd°≠g„™b     

Wd          

ÄöW©V        

ñök©R         

n≠ßAkß°≠ΩkV    

aÁ®cnd       

ºQnßE          

k©L„™b          

éöºJ≠k„™b   

ñögßc≠b°≠J™b 

k°ßg°k„™b    

Y©kÍd        

ì⁄öVÚ≠Uıd      

AÁd          

ñöAßE       

W©≠äök„™b     

ÄögÚ≠k„™b     

K L M N

H 1 1 1 K( )1

He 2 2 2 K( )2

Li 3 3 2 1 K( )2 L( )1

Be 4 4 2 2 K( )2 L( )2

B 5 5 2 3 K( )2 L( )3

C 6 6 2 4 K( )2 L( )4

N 7 7 2 5 K( )2 L( )5

O 8 8 2 6 K( )2 L( )6

F 9 9 2 7 K( )2 L( )7

Ne 10 10 2 8 K( )2 L( )8

Na 11 11 2 8 1 K( )2 L( )8 M( )1

Mg 12 12 2 8 2 K( )2 L( )8 M( )2

Al 13 13 2 8 3 K( )2 L( )8 M( )3

Si 14 14 2 8 4 K( )2 L( )8 M( )4

P 15 15 2 8 5 K( )2 L( )8 M( )5

S 16 16 2 8 6 K( )2 L( )8 M( )6

Cl 17 17 2 8 7 K( )2 L( )8 M( )7

Ar 18 18 2 8 8 K( )2 L( )8 M( )8

K 19 19 2 8 8 1 K( )2 L( )8 M( )8 N( )1

Ca 20 20 2 8 8 2 K( )2 L( )8 M( )8 N( )2

Fo

   FoFor    

Foor
 

oorFo

SiSi

PP

MMM
P

MM
PT

M
TTCTCTCTCC-CC-EEE
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ooooo
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dXöc≠ºn≠m~F≠‰R®E≠äöb≠‰kTz≠WÚ≠dWkÚ≠ã≠öRßö20L‹W©E

7.           b©≠g (mole) 

7 . 1         b©g

ºLz≠c≠ñöR©bTz‹E≠ïöc≠éöV≠éök≠ñöR©bR©F≠ºZA C°b°≠j~T©≠

b~V≠ñöFSÁ£E≠ñöR©bb´cfb´c≠F‹V´V≠R©F≠XöVºT ΩR≠ºCñöF≠SÁ£E≠

XöV≠≠F‹V´VU‹b´c¿ A÷®E≠ºÅög≠W‹QEºV‡≠ C°b°≠j~T©º‰W°≠uA≠äöb´c

ΩLg≠ºlÕ≠Sz≠ b©g¿ V~b~R“≠kKÀ≠zæV≠b©gäöEºLz≠c mol¿

b©g C•≠Hz≠F‹V´VkV‚R≠b´c≠L©F≠Hz≠m™fYÁ™V≠ΩLd≠¿

‰A™Fö1m™ éöV≠F‹V´V 12 ≠ΩYÁ

çöC≠gÓ~Rö1b©≠géöV≠F‹V´V çöC≠≠gÓ≠~R≠

F‹V´V≠≠≠≠≠  ºlÕ≠Sz F‹V´Vñöj©≠Äö≠‰L™≠≠ΩLg≠äöE≠

ºLz≠c 

L©FºV‡ 1b©gñöR©béöV  ñö≠R©b

1b©gb©≠ºgCßgéöV  b©≠ºgCßg

1b©gºn≠m~F≠‰R®EéöV  ºn≠m~F≠‰R®E¿

ºgBñöR©b

‰kTzWÚ≠ºnm~F‰R®E≠

dXöcºnm~F‰R®E≠äöb‰kTzWÚ≠

C‹V©käöEdXöc≠ºn≠m~F≠‰R®E≠≠≠äöb≠‰kTz≠WÚ≠dWkÚ≠ã≠öRßö20 L‹W©E

ñöj©Äö‰L™

(Amedeo Avogadro  1776-1856)

d©Wj~T©V~E≠C°b°j~T©nß°≠äög°XöVTT´g≠Äöd≠ºÄöR

kdºk°d≠ºLz≠c≠ìödÄöddA≠ºD°J≠F‹V´Vñöj©Äö‰L™

6.02 1023×

6.02 1023×

N 6.02 1023×=

6.02 1023×

6.02 1023×

6.02 1023×

For

VkV‚R≠b´ckV‚R≠b´

m éöV≠F‹V´V m éöV≠F‹V´V 1

1b©≠géöb©≠gé

M
PTC-E

bo
ok

ñ Rñ R©©bRbR©F≠©F≠RR ºZºZ

R©F≠R©F≠XöVºT XöVºT 

QEºV‡QEºV‡  °b°CC

kKÀ≠zæV≠b©gkKÀ≠zæV≠b©g

LL

dWk≠ã≠öRßöã≠öRßöã R 20 20 20 LW©LWL‹W
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7 . 2         éökb©≠g (M)

é≠ökb©g C•≠HzéökA÷®E≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠ö1b©gæV≠ñöR©bfb©≠ºgCßg¿ éökb©g ‰R™j≠C~RHz .  ¿

 A.  CQVz≠≠≠≠≠éökb©≠gñöR©b

qTzldQ ̂CQVz≠éökb©gñöR©bnß°≠‰L™≠ΩkV ºW°≠ñöR©bnß°≠‰L™ΩkVb´c≠éöVéök

= éökñöR©bnß°≠‰L™≠ΩkVb´c 

= .  

A÷®E≠Äöd≠nVßjR“ ºCΩRE≠‰XöWÚ≠éökb©≠gñöR©b L©FHz≠ :

.  ,≠≠≠ .    ,  .  

 B.  CQVz≠≠≠≠≠éökb©≠gb©≠ºgCßg

ºL°b◊°≠CQVz≠≠≠éök≠b©gb©≠ºgCßg ºC‰R™jºUÍ°YgW©Aéökb©≠gñöR©bΩLg≠WE¡≠jz¿

 ΩLg Hz≠éökb©≠gñöR©b

qTzldQ̂ CQVz≠éökb©≠gb©≠ºgCßgqk‚ıVÄöW©≠V~F 

 

7 . 3         T‹Vz≠AÚ≠T‹VEdjz≠Eéökb©≠gV~E≠Wd~≠éöQd©W≠ãöRß

äöb≠dc:V~cbVıcdWkÚ≠éökb©gºCXöV  :

qTz≠ldQˆ È  Wd~éöQd©W≠ãöRß (fF‹V´V≠b©≠g) ΩLg≠éöV≠A÷®E≠ÄögÚ≠k„™b ΩLg≠ 

äöb≠T‹Vz≠AÚ≠T‹VE  .   ºCXöV≠  

ºLz≠c  .     ;  

L©ºF÷‡  

g mol 1–

0.167 10 23–× g

M H( ) N×

M H( ) 0.167 10 23–× 6.02 1023×× 1g= mol 1–

M H( ) 1g= mol 1–
M C( ) 12g= mol 1–

M O( ) 16g= mol 1–

M AxBy( ) xM A( ) yM B( )+= M A( ) ; M B( )

CO2( )

M CO2( ) M C( ) 2M O( )+= 12 2 16×( )+ 44g mol 1–⋅= =

m n M

n

m

M g mol 1–⋅( )

⋅=

⎩
⎪
⎨
⎪
⎧

é≠ökb©gHz 

é≠ökæV≠d©W≠ãöRßC~RHz (g)

Wd~≠éöQd©W≠ãöRßC~RHz (mol)

0.2g

M Ca( ) 40g mol 1–⋅=

m n= M nCa

mCa

M Ca( )
-----------------=

M Ca( ) 40g= mol 1–
mCa 0.2g=

nCa
0.2
40
------- 5 10 3–× mol= =

ForldQˆ È  dQˆ È  

T‹VzVz

)) 40g40g==

M
PTC-E

bo
ok

s W©Aéökb©≠gñöéökb©≠gñ

qk‚ıVÄöW©≠V~F qk‚ıVÄöW©≠V~F

E≠Wd~≠éöQd©WE≠Wd~≠éöQd©W

kÚ≠éökb©gºCkÚ≠éökb©gºC

22 (++ ((2 162 1622 2 162 1

n Mn M ⎨⎨
⎪⎪
⎨

⎧
⎪⎪⎪

Only.))OO 16g= 16g= m
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• T‰bEÚñöR©bæV≠ãöRß  b´c‰R™j≠A‹QRÚºLz≠c≠ºgBñöR©b öfF‹V´V‰W™≠RßEV~EF‹V´Véök≠

ö ¿ ºC≠äöEæQÍc©æV≠ãöRß  ºLzc ¿

• ãöRßC°≠b°b´c≠‰R™jA‹QRÚºLz≠cºgB≠ñöR©b  fF‹V´V‰W™≠RßE¿

• nß°≠k©R©WC•≠Hz≠≠≠‰W≠ºaTñöR©b≠æV≠≠ãöRß≠ΩR≠b´c ΩLg≠éöVºgB≠ñöR©b  fF‹V´V‰W™RßE≠L©F≠Å÷ö≠

WßΩV“éöVF‹V´Véök  Bßk≠Å÷ö¿

• ºn≠m~~F≠‰R®E  ºVÕ≠A÷®E≠ñöR©b≠b´c≠j~g≠Hß‹≠j~J≠æQÍc© ºl°c≠Rº‰bªWHz≠‰kTz≠WÚ¿ ºn≠m~F≠

‰R®E≠‰R™j≠XöVRº‰bªWºTÕ≠äöb≠‰kTz≠WÚ ¿ö‰kTz≠WÚö≠ ≠

‰R™jV£E≠‰kTz≠WÚT°ö ¿

‰kTz≠WÚ≠V°b´c›ñöFY‘®A≠ºn≠m~F≠‰R®EXöV≠Hz≠nR~≠Wdéö  ΩLg  Hz≠ºgB≠‰kTz≠WÚ¿

ºn≠m~F≠‰R®E≠ºVÕ≠ºg°≠‰kTz≠WÚº‰Äö¤WEÓ≠kÚ ºlÕ≠Sz≠ ºn≠m~F≠‰R®E≠jzmEÚ¿

• b´cb©≠gäö≠EºLz≠c ¿ B÷z≠RæV≠b©gC• ¿

éökb©g  Hz≠éökA÷®E≠≠≠≠≠ö1b©gæV≠‰W≠ºaTC°≠b°ΩLg≠XöV≠ºg°Aºm°E¿

éök≠b©≠g≠æV≠k≠éök≠ãöRß öΩLg öHz≠éökb©≠g≠ñöR©b¿

X Z

A X
A

Z
X

ñöR©b
æQÍc©       F‹V´VVßcºAÁ≠nßE A = F‹V´Véök  A

ZZA≠ºn≠m~F≠‰R®E       Z ºn≠m~F≠‰R®E

Z ‰W™RßE

(A-Z) Q•≠‰R®E

⎩
⎪
⎨
⎪
⎧

⎩
⎪
⎨
⎪
⎧

Z

Z

A

Z

K L , M , N …, K L ,,

M , N … 1 2 , 3 , 4 …,

2n
2

n

N 6.02 1023×= mol

M( )

éökæV≠ìödãöRß                          éökb©≠gæV≠ìödãöRß

F‹V´Vb©gæV≠ìöd≠ãöRß

m n M⋅=

M AxBy( ) xM A( ) yM B( )+= M A( ) M B( );

emeronseg≈b

For
 

g≠æV≠k≠éök≠g≠æV≠k≠éök

  M
PTPTC-E

bo
ok

s b  

ºl°c≠R

EXöV≠Hz≠nR~≠W

‰Äö¤WEÓ≠kÚ ºl

≠éökA÷®E≠≠≠≠≠ö≠éökA÷®E≠≠≠≠≠ö11bb

L M

3 4

6.06.6 02

   M

Only

‹



H‹Z©AT° 1 ºbºd∫VT° 2

23

1.  ºR°≠ΩY÷AæV≠ñöR©bΩLg≠Y‘®AnC√~kV°≠j~H»≠éöV éöV≠ºÜ‚ö‡≠nÍ° ? ºR°≠ΩY÷AºV‡≠WE¡≠ºLz≠c≠çöC≠gÓ≠~R≠nÍ°BÁ‡ ? 

ºR°≠ñöR©b≠WE¡≠ºLz≠c≠çöC≠gÓ~R≠nÍ°≠BÁ‡ ? F©dºd∫W≠ëöWÚZ°≠gA¬Q:≠æV≠çöC≠gÓ~R≠V°b´c≠›¿

2.  ºR°≠nÍ°≠ºTÕ≠Hz≠F‹V´VVßc≠ºAÁ≠nßE≠æVãöRß≠b´c≠ ?ºR°≠ºgB≠ñöR©bñöFx„L£E≠ZıR¯éöVnÍ°≠BÁ‡Z°≠ñöR©b≠b´c≠ ?

3.  ºR°≠nÍ°≠ºTÕ≠Hz≠nß°k©≠R©W ? ºR°≠ºC≠k‹≠ÅögÚ≠ãöRß≠C°≠b°≠b´c≠ºLz≠c≠ìöd≠nÍ° ?

4.  ºR°≠‰kTz≠WÚ≠ºn≠m~F≠‰R®E≠V°b´c≠›≠ñöFY‘®A≠ºn≠m~F≠‰R®E≠XöV≠Hz≠nR~≠WdéöWß≠V‚z≠V≠? F©dx„qTzldQˆ≠¿

5.  ºR°≠nÍ°≠ºTÕ≠Hz≠ºn≠m~F≠‰R®E≠j≠zmEÚ ?

6.  ºR°≠ 1b©gñöR©b≠ΩL≠A≠éöVWß≠V‚z≠V≠ñöR©b≠ΩLA ?

sMNYrniglMhat'

For
 M

PTC-E
bo

ok
s O

nly

F©dx„qTF©dx„q
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I.  F©d≠C©kkKÀz ✓  A÷®E≠‰W≠nWÚ≠bßBFºbÁ°c≠‰R£b‰R™jΩLgéöV≠ΩR≠b´c≠CRÚ

1.  A÷®E≠F‹≠ºQz≠bn‹≠Q‡≠n‹≠Qz≠EZ°≠‰W™≠RßE≠BzE≠º‰Äöb ºR°≠Qz≠b´c≠ΩLg≠b~V≠ö‰R£b≠‰R™j :

A. ‰W™≠RßEHz≠çöC≠gÓ~RΩLg≠Y‘®A≠WV‘®Aj~H»≠éöV

B. ‰W™≠RßE≠Hz≠çöC≠gÓ~R≠ΩLg≠éöV≠éökñöFºÑög≠XöV

C. ‰W™≠RßE≠Hz≠çöC≠gÓ~RΩLg≠éöV≠ºVÕ≠A÷®E≠æQÍ≠c©

D. ‰W™≠RßE≠Hz≠çöC≠gÓ~RΩLg≠éöV≠‰CWÚ≠ñöR©b≠Tz‹E≠nkÚ

2.  ñöR©©bb´céöV≠  ‰W™≠RßE≠ V~EF‹V´V≠éök ¿ ñöR©b≠ºV‡≠‰R™j≠éöV≠ :

A.  ºn≠m~F≠‰R®E≠ºVÕ≠‰k≠Tz≠WÚ≠º‰Äö¤  B.  ‰W™≠RßE≠A÷®E≠æQÍc©

C.  Q•≠‰R®E≠ºVÕ≠Hß‹≠j~J≠æQÍ≠c© ≠    D.  ºn≠m~F≠‰R®EºVÕ≠‰kTz≠WÚ≠º‰Äö¤¿

3.  nß°≠k©≠R©WæV≠ãöRß≠ΩR≠b´céöV :

A. F‹V´V≠Q•≠‰R®E≠Bßk≠Å÷ö     B. F‹V´V≠‰W™≠RßE≠Bßk≠Å÷ö

C. gA¬Q:≠C°≠b°≠Bßk≠Å÷ö     D. çöC≠gÓ~R≠A÷®E≠æQÍ≠c©éöV≠F‹V´V≠L©FÅ÷ö

4.  ‰W≠k~V≠ºW°≠ºC≠LAF‹V´V≠‰W™≠RßE≠ºFJ≠Z°F‹V´V≠éök gT’≠Yg≠TT´g≠XöV≠Hz≠ :

A. F‹V´V≠‰W™≠RßE≠ºVÕ≠A÷®E≠æQÍ≠c© ≠   ö B. F‹V´V≠Q•≠‰R®E≠ºVÕ≠A÷®E≠æQÍc©

C. F‹V´V≠‰W™≠RßEV~E≠ºn≠m~F≠‰R®E≠ºVÕ≠A÷®E≠ñöR©b     D. F‹V´V≠‰W™≠RßEV~E≠Q•≠‰R®E≠ºVÕ≠A÷®E≠ñöR©b

5.  ‰kTz≠WÚ≠  éöV≠ºnm~F≠‰R®E≠n≠R~Wdéö :

A.  ºn≠m~F≠‰R®E  B.  ºn≠m~F≠‰R®E  C.  ºn≠m~F≠‰R®E

II. F©dkdºkdKA„ ‰R™j≠ fBßk ºVÕ≠A÷®E‰WnWÚbßBn‹≠Q‡≠n‹≠Qz≠EBzE≠º‰Äöb :

 1.  ãöRß≠b´cA‹≠QRÚºLz≠cF‹V´VVßc≠ºAÁ≠nßEA÷®E≠æQÍ≠c©¿

 2.  æQÍc©Z°d≠æV≠ãöRß≠ΩR≠b´c≠ñöFéöV≠F‹V´V≠éök≠Bßk≠Å÷ö¿

 3.  ñöR©bΩLg≠éöVT‰bEÚ≠ºn≠m~F‰R™V~F  éöV≠ºgBñöR©b ¿ 

 4.   ‰W™≠RßE≠b´céöV≠éök‰W≠Ωlg≠ öLEæV≠éök≠ºn≠m~F≠‰R®E¿

 5.   ‰W™≠RßEV~E≠Q•≠‰R®E≠éöV≠é≠ök‰W≠lzAÚ≠‰W≠ΩlgÅ÷ö¿

III.F©dW‹ºZJ≠g◊‡BzE≠º‰Äöbx„éöV≠Vıc‰R£b≠‰R™j :

1.  .....................H≠z≠çöC≠gÓ≠~RY‘®A≠nC√~kV°j~H»≠éöV≠ΩLg≠éöV≠ºVÕ≠A÷®E . . . . . . . æV≠ñöR©b¿

2.  ñöR©bæV≠ . . .. ΩR≠b´cΩLgéöV≠éökBßk≠Å÷öºlÕSz . . . . .¿ jz≠éöV≠F‹V´V . . . . Bßk≠Å÷ö¿

3.  ºL°b◊°≠XöV≠‰XöAÚ≠F‹V´V≠  ºC≠‰R™j≠‰Wb©g≠ñöR©b≠‰≠XöAÚ≠F‹V´V . . . . . . . ΩLg≠‰R™j≠V£E≠éök . 

. . .≠ æV≠‰XöAÚ≠¿

sMNYrniglMhat'CMBUk 1

3 7

7 3

4 3

M

8 10 18

K( )2 L( )8 Z 8=

1840

0.2mol

g

For

V≠ãöRß≠Ωß

ΩLg≠éöVT‰bΩLg≠éöVT‰b

RßE≠b´céöV≠éRßE≠b´céöV≠é

EV~E≠QV~E≠Q

M
PTC-E

bo
ok

s 

m

B. F‹V´V≠‰W™≠RßEF‹V´V≠‰W™≠RßE

D. çöC≠gD. çöC

T’≠Yg≠TT´g≠XöT’≠Yg≠TT´g≠Xö

≠   ö B≠   ö B

E≠ñöR©E≠ñöR©b         

éö :éö :

B.  ºn.  ºnm~n

k ºVÕ≠A÷®E‰Wnk ºVÕ≠A÷®E‰Wn

ºLz≠cF‹V´VVßcºLz≠cF‹V´VVß

ΩR≠b´c≠ñR≠b´c≠ñ

oboEbEbEE

10

OnlyA÷®E≠æQÍc©A÷®E≠æQÍc©

m~F≠‰R®EºVÕ≠‰kF≠‰REºV
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IV.  g‹lzRÚ

FåöWÚ≠dAîöéök - FåöWÚ≠Zlß≠kéöéö‰R

1.  ºLz≠c≠nVßjR“≠ºTÕ≠äöbFåöWÚ≠dAîöéökdWkÚ≠d©W≠ãöRß ºW°≠ãöRß  b́c≠éöV≠éökñöR©b  B÷z≠R≠éök   

( 2 B.n) ≠ºl°c≠≠≠≠≠ãöRß  éöV≠éökñöR©b  B÷z≠R≠éök( 3 B.n) ºR°≠kéök≠ãöRß  éöV≠

éökb©≠ºg≠Cßg≠≠Wß≠V‚z≠V ? ºR°≠kéökãöRß  éöV≠éökb©≠ºgCßg≠WßV‚z≠V ?

2.  ºC≠é≠öVk≠éökãöRßqk‚ıVW°  V~E  ΩLgYÎ‹ºLz≠c≠ãöRß≠ñök©RV~E≠nßAkß°≠ΩkV¿  Hz≠

qk‚ıVΩLg≠ºUÍ°≠x„ºl∫d≠T£A≠Ωa÷AéöV≠ñök©R≠ %¿≠   Hz≠qk‚ıVÅ‚öV≠ZQ¯ΩLg≠éöV≠ñök©R 

% V~E  Hz≠qk‚ıVZQ¯ºä÷öRΩLg≠éöV≠ñök©R %¿

A. F©dCQVz≠çöC≠dcæV≠ãöRß≠nßAkß°≠ΩkVΩLg≠éöV≠A÷®E   V~E ¿

B. ºR°°≠T~V÷VıcºV‡≠Åö‹≠‰TFåöWÚ≠Zlß≠kéöéö‰RΩLdfºT ?

3.  ºC≠éöV≠kéökãöRßZ°d kéök≠ãöRß≠T°ö1 éöV≠k©L„™b  AÁd  V~EnßAkß°≠ΩkV  ¿ 

kéökãöRßT°ö2 éöV≠k©L„™b   ≠AÁd  V~EnßAkß°≠ΩkV  ¿

   F©dWEÏz≠J≠Sz≠T~V÷VıcTz‹E≠ºV‡≠Åö‹≠‰TFåöWÚ≠Zlß≠kéöéö‰R¿

T‰bEÚ≠ñöR©b

1.  F©d≠A‹QRÚçöC≠gÓ≠~R≠WE¡≠ñöR©bA÷®E≠AdQ°≠L©FRºTÕ :          ¿

2.  æQÍc©æV≠ñöR©bb́c≠éöV  ‰W™RßE V~E  Q•≠‰R®E¿

A. ºR°≠ºVÕ≠A÷®E‰kTz≠WÚ≠ºn≠m~F≠‰R®E≠éöV≠ºn≠m~F‰R®EF‹V´V≠Wß≠V‚zV ?

B. ºR°≠jz≠éöV≠ºgBñöR©b≠Wß≠V‚z≠V ? F‹V´Vé≠ökWß≠V‚z≠V ?

≠T‰bEÚ≠ºn≠m~F≠‰R™V~F

F©dx„≠T‰bEÚ≠ºn≠m~F≠‰R™V~FæV≠ñöR©bL©F≠RºTÕ :         ¿

nß°≠k©R©W

1.  n≠ß°k©R©WæV≠AÁd≠ΩLg≠kb◊™dHz≠EºC≠C• ¿≠ nß°≠k©R©Wb´c≠ºT∫R≠æVAÁdéöVQ•≠‰R®EF‹V´V ¿≠

F©dkdºkdV~b~R“MkKÀ≠z≠äöEnß°k©R©WºV‡ V~Ex„≠T‰bEÚ≠ñöR©bæV≠nß°≠k©R©WTz‹E≠Z°d¿

2.  ºC≠éöV≠ñöR©bZ°d ΩLg≠b´c≠›öéöV≠ Q•≠‰R®E¿≠ ñöR©b≠T°b´céöV ‰W™≠RßEV~E≠ ºn≠m~F≠‰R®E 

ñöR©bT°Z°déöV≠ ‰W™≠RßE V~E ºn≠m~F≠‰R®E¿≠ ºR°≠ñöR©b≠Tz‹E≠Z°d≠Hz≠nß°≠k©≠R©W≠æV≠≠ãöRß≠ΩR≠b´c≠ΩLd≠

fºT ? F©dWK»z≠AÚ≠FºbÁ°c¿

A 2

B 3 AB

A2B3

A B C A

63.65 B

46.68 C 30.45

A B C

2.00g 3.08g 1.39g

1.00g 1.54g 2.78g

59

27
Co

84

36
Kr

209

83
Bi

15 16

Li7

3
Ca40

20
Si28

14
Ne20

10
Ar40

18
K39

19

35

17
Cl 20

14 13 13

14 14

‰R™VF

„≠T‰bEÚ≠ºn≠m~„≠T‰bEÚ≠ºn≠m~

WW

æVAVA

M
PTC‰‰ ™ ß™ ß‰‰

n≠m~F≠‰R®E≠éöVn≠m~F≠‰R®E≠éöV

ñöR©b≠Wß≠V‚z≠V R©b≠Wß≠V‚z≠V 

TC-E
bo

ok
s  A AÁÁd d 

~EnßAkß°≠Ω~EnßAkß°≠V

kéöéö‰R¿kéöéö‰R¿

AdQ°≠L©FRºTÕdQ°≠L©FRºTÕ

E ~E EE

00gg 3.03.0

‰W‰WRE V~RE V~‰W‰W EE

Only

ZQ¯ΩLg≠éöZQ¯ΩLg

V~V~E ¿C
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3.  ºVÕ≠A÷®E≠Ub‚≠Hz≠R~ñöR©bWd éöV≠é≠ökñöR©b≠  éöV≠ % ºl°c≠nß°≠k©≠R©W≠æV≠Wd≠b´c≠

ºT∫RéöV≠ %¿ ºR°≠nß°≠k©R©W≠ºV‡éöV≠éökñöR©b≠Wß≠V‚zV ºW°≠éök≠ñöR©b≠bU„b≠æV≠ãöRß≠ºV‡≠C• 

¿

4.  A÷®E≠Ub‚≠HzR~nßAkß°≠ΩkVéöV≠nß°≠k©R©W≠≠W°≠C• nßA≠kß°≠ΩkV  nßAkß°≠ΩkV  V~E≠nßAkß°≠ΩkV ≠ ¿ 

ºCL£E≠≠≠Sz≠≠≠≠≠≠≠≠nßA≠kß°≠ΩkVéöV ≠≠≠ ‰W™≠RßE¿

A. F©dkdºkdV~b~R“≠kKÀ≠z≠äöEnß°k©R©W≠Tz‹EW°¿

B. F©dx„≠T‰bEÚ≠ñöR©b≠æV≠nß°≠k©R©WTz‹E≠W°¿

C. F©dx„≠T‰bEÚ≠ºn≠m~F≠‰R™V~FæV≠nß°≠k©R©WTz‹E≠≠W°¿

≠≠b©g (mole)

1.  CQVz≠≠≠≠≠F‹V´Vb©g≠ΩLg≠‰R™jV£E≠ãöRß≠Bz≠Eº‰Äöb :

A.  ñöR©b B.  ñöR©b≠ 

C.   D.   

2.  CQVz≠F‹V´VñöR©bΩLg≠‰R™jV£E

A.    B.   

3.  CQVz≠éökHz≠  A÷®E≠AdQ°≠Bz≠Eº‰Äöb :

A.   B.   

C.  ñöR©b D.  ñöR©b 

4.  ºíöl:ñögßcb°J™b  éöV≠LEÚ≠kß°≠ºR . ¿ ºR°≠éöV≠ñöR©bñögßcb°J™b 

F‹V´V≠Wß≠V‚zV≠ºVÕ≠A÷®E≠C©Wb´c≠ΩLgéöV≠‰TVßE  ? 

11.01amu 80.20

19.80

10.81amu

16 17 18

8

6.02 1023× Ne( ) 3.011 10× 23 Mg( )

3.25 105g× Pb( ) 150g S( )

1.50mol Na( ) 0.75mol Fe( )

g

3.00mol Al( ) 1.38mol Cu( )

4.86 1024× Au( ) 4.86 1024× Hg( )

Al( ) 2.7 103× kg m 3–

1.0cm

For
 M

PTC-E
bo

ok
s  ñöR ñöRbRR

B. B. 

B

éöVéöV≠LEÚ≠kß°≠≠LEÚ≠kVV

bc≠ΩLgéöVc≠ΩLgéöV

10023

0g SS  ( )( )SS

0.75m75m
Only
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ºVÕ≠A÷®EWQ—z≠gıcºCºd∫W≠F‹ºk∫j≠ºçö¤≠ΩLg≠éöV≠bßBj~H»z≠L©FÅ÷öfBÁ£b≠ìöd‰k≠ºL∫E≠Å÷öºVÕºg°ºU÷°d≠

f≠≠T©≠Hz≠b´cÅ÷öö¿ AÛL©F≠Å÷öΩLd ºCºd∫WF‹≠ºUÍ°F‹≠ΩQAS÷z≠AÚ≠æV≠ãöRß≠C°b°≠Tz‹E≠nkÚ≠äöb≠‰A®b≠V~E≠B´W≠Hz≠b´cÅ÷ö¿

ºLz≠cZ~V~R„≠äöb≠äöëöE≠ºV‡≠ºCñöF‰XöWÚ≠XöVèöEdlıkZ°≠ãöRß≠ΩLg≠≠≠L©F≠Å÷öV~E≠gA¬Q:dWkÚ≠jz≠ºl°c≠

äöëöE≠≠ºV‡ºd∫W≠F‹≠ºLz≠c≠C°≠b°≠j~T©HVHzR~dßkÎ≠°≠ºÜ‚ö‡O°ºb‰T°≠b~VºLºgºcjöºVÕ≠Ö÷ö‹≠ö1863öºl°c≠x„ºÜ‚ö‡≠

Sz≠  “ äöëöE≠B´W≠æV≠ãöRß≠C°≠b° ”¿

CMBUk taragxYbénFatuKImI2

emeronTI 1 Ó lk≈NÓéntaragxYb

emeronTI 2 Ó sikßaFatutam®kum

For

Q—z≠gQ

Å÷÷ ¿ A¿ AÅ ÛL©F≠Å÷ÛL©F≠Å÷AA

V~V~R„R„äöbä bää

d∫WW

M
P

gıcºCºcºC



28

≠¿

1 .         n‹W©dæV≠ãöRß≠C°b°

äöëöEB´W≠æV≠ãöRß≠C°b°≠ C•Hz≠äöëöE≠F‹ΩQA≠≠

S÷z≠AÚæV≠ãöRß¿ ºC≠º‰W°jz≠ºL°b◊°Tz≠c≠TßA≠gA¬Q:≠≠≠≠ ≠

dWkÚ≠ ≠ ≠ãöRß¿ööWFΔ®W◊V÷ºV‡≠n÷A≠j~Têö≠ìöÂk“XöV≠

ì√ögÚãöRß≠C°b°≠F‹V´V≠Hz≠Eb´c≠dc≠ºl°c¿≠ F‹V´V≠

ãöRß≠ºV‡≠éöV≠Äöd≠ºA°V≠ºm°E≠≠≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠º‰K‡≠éöV≠ñöR©bS‚°≠›≠

XöV≠WºE¡°R≠ºm°E≠ºLz≠c≠‰WR~≠Ab‚≠VßcºAÁΩn˙¿öö≠

ãöRß ≠C °b °Hz ≠º‰F°V ≠ ≠ ≠ ≠ ≠éöV≠gA¬Q:‰kºL∫E≠Å÷ö ≠

ñö‰kıc≠≠≠≠ºLzc≠≠gA¬Q:≠d©W≠≠≠≠≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠(L©F≠Hz:a~VçöCBz≠E≠

º‰Äö¤ çöZ≠d©W LEÚ≠kß ° ≠ºRö ≠ZQ¯ AÁ ~V F‹QßF≠

díöc F‹QßFd‹≠Zß‡ . . .) ≠V~E≠gA¬Q:≠C°b≠° ≠

(‰WR~Ab‚≠≠Hz≠b´c≠≠V°E≠ãöRß≠ºYÎE≠ºT∫≠R)¿ Äöd≠ºUÍ°≠

F‹ΩQA≠S÷z≠AÚ≠Ú≠ãöRß≠ºLzc≠ΩYÓA≠ºg°gA¬Q:≠dWkÚ≠jz≠

XöV≠ΩWEΩFA≠ãöRß ≠Tz‹E≠ºVz‡≠ºTÕ≠Hz≠nb◊™dC°b°

f‰A®b≠æV≠ãöRß≠C°b°¿

1
emeronTI

lk≈NÓéntaragxYb

  

  ❒  ZV„gÚ≠Z°dºW∫W≠Rº‰bªW≠ãöRß≠C°b°A÷®E≠äöëöEB´W¿

  ❒  ZQ¯Vz≠Z°gA¬Q:ké√ögÚdWkÚ‰A®b≠ V~E≠B´W¿

  ❒  WEÏzJT°≠äö‹Eºíöl: n≠ºíöl: V~Eqk‚ıVA‰bA÷®E≠äöëöEB´W¿

FWÚºbºd∫VºV‡≠ k~kÎñöF

ºíöA O°ºb‰T° b~VºLºgºcj (dßkÎ°)

1834-1907 Hz≠A©VºK¤ºVÕ≠A÷®E‰C¨≠ìöd
ΩL≠géöVA©Vö17Vz≠AÚ¿ ÅöRÚHz≠n÷AWºE¡°R
≠≠≠äöëöEB´W≠≠≠≠≠≠bßV≠ºC¿

For
 d©W≠≠≠≠≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠ ≠

Ú ≠kß ° ≠kß ≠ºRöºRöZQZ

FdFd‹≠Zß‹ ≠Zßdd ‡ . . ‡ . . 

V°Eãã

M
PTC-E‹V´V≠V´V≠F

ñöRñöR©©bSb ‚°≠›≠‚° ≠›≠S

VßßcºAcºAÁÁΩn¿¿

¬¬Q:‰kºL∫Q:‰kºL∫

L©F≠FL Hz:aHz:a~

oo
ks

 O
nOnlyOn
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ãöRßC°b°≠Tz‹E≠nkÚA÷®E≠äöëöEB´W‰R™j≠XöV≠ºd∫W≠F‹≠äöb≠‰A®b≠fnb◊™dæV≠ãöRß≠C°b°≠ ≠ ≠ ≠C•:ºíöl:ñögÚ≠

Äöïö‹E ≠ºíöl:ñögÚ≠Äög°Q©ΩTd•ºíöl:≠GÁE ñöm™ΩkVV~E≠qk‚ıVA‰b¿ ºVÕ≠ΩY÷A≠Bz≠E≠º‰Äöb≠≠æV≠

äöëöEéöV≠ãöR≠ß≠Z°dH´dΩLgA÷®Eb´c≠H´d›éöV≠ãöRßC°b°F‹V´V≠ö15ãöRß¿ ãöRß≠Tz‹E≠nkÚ≠ΩLg≠N~RA÷®E≠H´d≠BzE≠

ºg°≠éöV≠gA¬Q:≠‰≠k≠ºL∫E≠Å÷ö V£EãöRß≠mEÚäöVö(La) éöV≠ºgBg‹Lz≠WÚ≠ö57öºCx„≠ºÜ‚ö‡≠Sz  “ nb◊™dmEÚ≠

äöV°Rö” ≠¿≠ F‹ΩQAãöRß≠ºVÕA÷®E≠H´d≠BzE≠º‰Äöb≠éöV≠gA¬Q:‰k≠ºL∫E≠Å÷öV£E≠ãöRß≠ñöAÚT°≠J™b  éöV≠

ºgBg‹≠Lz≠WÚ≠ 89 ≠ ºCx„ºÜ‚ö‡≠Sz  “ nb◊™dñöAÚ≠T°V°R  ”¿

2 .         ‰A®bV~EB´W

2 .  1       H´dIdf‰A®b

ºVÕA÷®E≠äöëöEB´WºCRº‰bªWãöRß≠C°b°≠äöb≠g‹Lz≠WÚ≠ºA°V≠ºm°E≠æVF‹V´V≠‰W™RßE (ºgBñöR©b) ΩLg≠

HzF‹V´V≠‰W™≠RßE≠A÷®EæQÍc©öæV≠ñöR©b≠V°b´c≠›¿ H´d≠IdfWV‘z≠RÚ≠IdA÷®E≠äöëöEB´W≠ºlÕ≠Sz≠ “‰A®b ”¿≠

ºgB≠‰A®b≠C•A‹QRÚx„F‹V´V≠ºn≠m~F≠‰R®E≠ºVÕ≠‰kTz≠WÚ≠º‰Äö¤≠WEÓkÚ≠dWkÚ≠ãöRß¿ ãöRß≠ΩLg≠N~RºVÕ≠A÷®E≠‰A®bHz≠

b´c≠≠Å÷öéöV≠F‹V´V≠ºnm~F‰R®E≠‰k≠TzWÚ≠º‰Äö¤L©FÅ÷öºlÕ≠Sz ≠ “ ºn≠m~F≠‰R®≠Ejz≠mEÚ≠ ” ºl°c≠éöV≠gA¬Q:

C°b°≠‰kºL∫E≠Å÷ö¿ ãöRßC°≠b°≠Tz‹E≠nkÚ≠A÷®E≠äöëöE≠B´W≠ΩFA≠Hz≠‰Xö‹W°≠‰A®b≠V~E≠‰A®b≠≠≠≠≠ºíöl:GÁE¿

d©WT°ö1 nb◊™dæV≠ãöRßC°≠b°A÷®E≠äöëöEB´W

1 

3 4

11 12

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

2

5 6 7 8 9 10   

13 14 15 16 17 18

   37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

55 56 57-71 72 73 74 75 76 77 78     79 80 81 82 83 84

87 88 89-103 104 105 106 107 108

H
He

B C N O F N e

Al S i P S C l Ar

Li Be

Na Mg

K C a Sc Ti V C r Mn Fe C o Ni C u Zn G a G e As S e B r  K r

Rb S r Y Zr Nb Mo Tc R u Ag Cd In S n Sb Te I Xe

Cs A Hf Ta W R e Os Ir P t A u Hg Tl Pb B i Po At Rn

Fr R a B Rf Db Sg B h Hs Mt

La Ce Pr Nd Pm S m E u Gd Tb Dy Ho E r T m Yb Lu

Ac T h P a U Np Pu Am Cm B k Cf E s Fm Md N o Lr

57 58 59 60 61 62 63 64 65 66 67 68 69 70 71

89 90 91 92 93 94 95 96 97 98 99 100 101 102 103

1

2

3

4

5

 6

7 Ds Rg

ºíölÈ
ñögÚ
Äö

ïö‹E

‰A®b

B´W

ºíölÈ
ñögÚ
Äög°

Q©ΩT

d•

nb◊™dæVãöRßC°b° ñöm™

ΩkV

qk‚ıV

A‰b

mEÚäöV°R

ñöAÚT°V°R

A

B

ºíölÈGÁE

Ac( )

For
 V~EB´WEB´W

H´dIdf‰A®b´dIdf‰A®b

EE

M
PTC-E

bo
ok

VVºd∫Wºd∫W≠F‹≠≠F‹ ≠W äöä

l:≠GÁGE ñömE ñö

´d›éöV› ãöRãö C°R

EãöRß≠mEÚäöEãöRß≠mEÚäö

ÕAÕA÷®E≠H´d≠÷®E≠H´AA BzEE

„ºÜ‚ö‡≠Sz  „ºÜ‚ö‡≠Sz  

ã RßC°≠b°A÷®E≠äöëöEB´C°b°A÷®E≠äöëöE

ssss
ok

s
ok

sksksokok
ss B k Cf

97 8

nnnlynlynlynlyyylylylylyyyOOOOOO

2 83

Sb

Pb

Ho
67 6
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2 .  2       H´d≠ºLA≠f≠B´W

ºVÕ≠A÷®E≠äöëöEB´WWV‘z≠RÚ≠ºLAfH´d≠ºLAºlÕ≠Sz “B´W ”¿ äöëöEºV‡≠ΩFA≠Hz≠‰Xö‹≠Z°dB´W≠ ºl°c≠

ºgB≠g‹≠LzWÚB´W≠k‰éöWÚ≠ké√ögÚF‹V´V≠‰k≠Tz≠WÚ≠ºn≠m~F‰R®E≠dWkÚ≠ãöRß¿≠ ºW°≠ãöRß≠b´c≠S~RºVÕ≠A÷®EB´W≠ºgBö 

3 éöVVıc≠SzãöRß≠ºVz‡éöV≠W°‰kTz≠WÚ≠ºn≠m~F≠‰R®E¿ öãöRß≠C°b° ΩLg≠k”~RºVÕ≠A÷®E≠≠≠≠B´W≠ΩR≠b´cL©F≠Å÷ö éöV≠

F‹V´V≠‰kTz≠WÚºnm~F≠‰R®E≠L©F≠Å÷ö ºl°c≠‰kTz≠WÚº‰Äö¤WEÓkÚW‹ºZJ≠ºnm~F≠‰R®EHz≠WºQ“°d≠›dl©R≠LgÚ≠

ΩGÓR≠≠ºn≠m~F‰R®E ( 8öºnm~F‰R®E )¿ 

qTzldQˆ :  ãöRß≠A÷®E≠B´WT°ö3WEÏz≠JL©F≠Bz≠Eº‰Äöb :

ãöRß≠ΩLgk”~RºVÕA÷®EB́WΩRb́céöV≠gA¬Q:Ω‰W‰W¨gWV“~Fb“E›Z°ºíöl: (nß°cßEj~H»éöV) 

ºTÕ≠nºíö≠l: (n°ß°cßEnj~H»≠éöV)ºLzcGÁE≠ÄöRÚ≠B´W¿

3 .         T°≠äö‹E≠ºíöl:V~E≠n≠ºíöl:A÷®EäöëöEB´W

ãöRß≠C°b°≠Tz‹E≠nkÚA÷®E≠äöëöEB´W≠ΩFA≠Hzö 2‰A®b≠≠ C•‰A®bºíöl: V~E‰A®b≠≠≠n≠ºíöl:¿ ‰A®b≠

V°b´c›≠≠éöV≠gA¬Q:ké√ögÚY‘z≠gÚdWkÚ≠jz¿

B´WT°ö3                                         

F‹V´V‰W™RßE                                         

dXöcºn≠m~F≠‰R®E                        

T‰bEÚnß°cßE           A©jz≠mEÚ   

kAb‚çöZ
kAb‚  kAb‚   kAb‚   b~VkAb‚ kAb‚   kAb‚    kAb‚    V~Fg

BÁz‹E            g‚b               g‚b             BÁz‹E

çöZFbÁEnC√~kV° gÓ     gÓ      gÓ     WE√¨d    ºBîöc   ºBîöc   ºBîöc   ºBîöc

   

Na Mg Al Si P S Cl Ar

11 12 13 14 15 16 17 18

2 8 1,, 2 8 2,, 2 8 3,, 2 8 4,, 2 8 5,, 2 8 6,, 2 8 7,, 2 8 8,,

Na+ Mg2 + Al3 +

⎭ ⎪ ⎪ ⎪ ⎪ ⎬ ⎪ ⎪ ⎪ ⎪ ⎫

ºíöl:

⎭ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎬ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎫

nºíöl:

ForRºVÕA÷®EB́WVÕA÷®EB́W

(n°ß°cßEnj~H»≠é(n°ß°cßEnj~H»

M
P

M
PTC-E

bo
b‚   b~VkAb‚ b~VkA

g‚b        g‚b     

     gÓ         gÓ  

Eb
TC

bo
oooo
ks

      

kss
     

 ,,       8 58 5

bo
⎬⎬⎪⎪⎪ ⎪⎪⎬⎬⎬ ⎪⎪⎪⎪⎪ ⎪⎪ ⎪⎪

ºíöl:ºíöl:

Only              OnOS Cl
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gA¬Q:Bßk≠Å÷ödjz≠Eºíöl: V~E≠n≠ºíöl:

ºVÕ≠A÷®EäöëöEB´W≠ãöRß≠ΩLg≠ºVÕ≠A÷®ESRZQ¯k≠Hz≠ºíöl:öF‹≠ ≠ ≠ ≠ ≠ΩQAãöRß≠ΩLg≠ºVÕ≠A÷®ESRZQ¯≠

‰WºY‡≠ºl°c≠ΩLg≠BQœΩFALzFÚZ°Å÷öºLzcWV‘z≠RÚÄöFÚ ≠ZQ¯ºB‚ÕL~RëöES÷z≠AÚ ≠›≠L©F≠Äö‹ ≠H≠ºQ“°dHz≠ ≠ ≠ ≠

nºíöl:≠≠≠(d©W≠T°ö2)¿ éöV≠ãöRß≠b´c≠F‹V´V≠L©FHz≠≠≠≠≠kß°g°k„™b  Ωk≠éöJ™b   éöV≠gA¬Q:≠ºTÍ≠

ΩLg≠Hz≠≠º≠íöl:YE V~E≠Hz≠nºíöl:YEºlÕ≠Sz≠ ãöRßn‹≠Y©≠ΩT (metalloids)¿

ºíöl: n≠ºíöl:

• Hz≠nE√≠ãöRßd£E≠ºVÕ≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠k°Rß≠QÏçöZUb‚≠äö(ºg°A≠ΩgE≠≠

XödR )

• F‹QßFdíöc≠ ≠≠V~EF‹QßFd‹Zß‡B⁄kÚ(ºg°A≠ΩgE≠≠

ãöRß‰A®b )

• FbÁEAºé“ö¤V~EnC√~kV°XöVgÓ

• éöVºYÁAºíöl:ñöFΩYHz≠kVÁ£A fl©RHz≠g´k 

XöV≠V~EéöVAéÁö‹EBÁz‹E≠TWÚV£E≠R‹Q£E

• Hzqk‚ıV (ºg°A≠ΩgE≠≠‰W™b 

ì⁄öVÚUıd    nß°c©R   ÄöW©V 

W˙dμ       kß°g°k„™b  )

• F‹QßFdíöc V~EF‹QßFd‹Zß‡Tz≠W (ºg°AΩgE≠

B  ,  C  V~E  Si )

• FbÁEAºé“ö¤V~EnC√~kV°ºBîöc (ºg°A≠ΩgE≠≠

ÄöW©V≠≠≠≠ / ‰Äöa°R )

• Y“gÚqk‚ıVnß°‰L™ΩkVºZg≠éöV≠≠‰WR~Ab‚≠Hzb´c≠

ñökß°Rëöj

• Hz≠kéökãöRßnß°≠cß≠EçöC≠º‰F°V

• Hz≠Ub‚≠äönßAkß°RdWkÚ≠jzHznßAk°ßR≠≠≠≠≠≠Xök fHz≠

nßAk°ßR≠n‹≠Y©ΩT

• nß°cßEéöV≠WV‘®A≠j~H»≠éöV (ÄöFßE)

• ‰kñöWÚ TVÚ V~Eb~V≠ñöFl©RHz≠g´k f≠ΩYHz≠

kVÁ£AXöV

• b~VWºE¡°Rqk‚ıVnß°≠‰L™ΩkVºZg≠éöV‰W≠R~Ab‚Hz≠

b´cñökß°R

• Hz≠kéökãöRß≠A©jzmEÚçöC≠º‰F°V

• Hz≠Ub‚≠äönßAkß°RdWkÚ≠jz≠Hz≠nßAk°ßRñökß°R fQ•R

• nß°c≠ßEéöV≠WV‘®Anj~H»≠éöV (ñöJ®E)

Hg

I

Br l( )

S s( ) I s( ) C s( )

B s( ) Si s( )

S( i ) G( e )For

ë

c≠ΩLggBQBQ

l:≠≠≠(d©W≠T°öl:≠≠≠(d©W≠T°ö22)¿)¿

í l:í l:

M
PTC-E

bo
ok

s 

B´W≠WB ãöRãöRΩ

/ ‰Äöa°R ÄöaR

k°ßR≠≠≠≠≠≠Xök fHzk°ßR≠≠≠≠≠≠Xök f

(ÄöFßE)(ÄöFßE)

‰kñöWÚ TVÚ ñöWÚ TVÚ 

kVÁ£AXökVÁ£AXö

• • b~VWb~V

Eb

M
P

Only

™b 

QßFd‹Zß‡Tz≠W QßFd‹Zß‡Tz≠

)

EnC√~kV°ºBîöcnC√~kV°ºBî

)
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ºíöl:GÁE

ºíöl:Tz‹E≠öö30ΩLgN~R≠ºVÕΩY÷AAQ“z≠g≠æV≠äöëöEB´W≠ºlÕ≠Sz≠ ºíöl:≠GÁE¿ jz≠b~V≠éöV≠kAb‚≠

çöZ≠BÁz‹E≠ºT ºl°c≠k≠éökãöRß≠ΩLg≠ºA°R≠ºm°E≠≠≠Z°≠jzéöV≠ZQ¯ké√ögÚ¿≠ gA¬Q:ºV‡≠ñöF≠cAºTÕ≠º‰W°≠

ºL°b◊°ºUÍ°≠nR“kKÀ≠zQ≠nß°≠c≠ßEºíöl:GÁEXöV¿

qTzldQˆ :  ºVÕ≠A÷®EAdQ°≠çöC≠º‰F°VkéökãöRß≠TEÚΩLEö öéöV≠ZQ¯ºB∫j kéök≠ãöRß≠

ΩLAö öéöV≠ZQ¯≠æW≠RE≠BΔ ° kéökãöRß≠ΩLA  éöVZQ¯≠ºgÆE kéök≠ãöRß≠bEÚ ≠ÄöQzR

≠éöV≠ZQ¯≠ìÍöc V~Ekéök≠ãöRß≠≠O°‰A™≠éöR éöV≠ZQ¯T£A≠‰A™F¿

ºíöl:GÁETz‹E≠nkÚéöV≠gA¬Q:d£EBÁz‹E FbÁEAºé“ö¤≠V~EnC√~kV°≠XöV≠gÓºl°c≠éöV≠F‹QßF≠d‹Zß‡≠

B⁄kÚ¿ ºíöl:GÁEHz≠º‰F°VéöV≠öF‹V´VnßAkß°RAb‚öΩ‰W‰W¨g¿ö

qTzldQˆ :  TEÚ≠ΩLE   V~ETEÚ≠ΩLE≠   ΩLA   V~EΩLA

 ¿ ºCº‰W°≠ºíöl:GÁE V~E≠k≠éöãöRß≠dWkÚ≠jz≠≠Hz≠ Äöäög°Ad ºL°b◊°≠WºE¡°V≠ºg◊ØV    ≠

‰W≠R~Ab‚≠ºVÕ≠A÷®E≠qkîölAb‚¿

qTzldQˆ≠≠ :  ºí≠öl:ΩLAA÷®E≠g‹Vz‹≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠lzºW˙¢ Haber process (Yg~RAb‚ñöb©≠Jz≠AÚ) V~E≠XÁöT°V 

 fjz≠Qz≠L„™b  nßAkß°RA÷®E≠≠≠≠≠≠g‹Vz‹≠≠≠≠≠Yg~R≠Ab‚≠≠ñökß°R≠kß˙gY´d~F¿

Li Be

Na Mg

K Ca

Rb Sr

Cs Ba

Fr Ra

Sc Ti

Y Zr

La Hf

Ac

V Cr

Nb Mo

Ta W

Mn Fe Co Ni Cu Zn

Tc Ru

Re Os

Rh Pd

Ir Pt

Ag Cb

Au Hg

B C

A Si

Ga Ge

In Sn

T Pb

N O

P S

F Ne

C Ar

Br Kr

I Xe

As Se

Sb Te

Bi Po At Rn

He 1

2

3

4

5

6

WV‘zRÚ≠L~RºB‚Õ

1

2

3

4

5

7

6

I II

III   IV   V    VI   VII  VIIIºíöl:GÁE

d©WT°ö 2 : T°≠äö‹E≠ºíöl: V~E≠nºíöl:A÷®E≠äöëöEB´W

H
B´W

‰A®b

   ºíöl:‰A®b I V~E II

‰A®b≠  I ºíöl:ñögÚ≠Äöïö‹E

‰A®b≠  II ºíöl:ñögÚ≠Äög°Q©

ΩTd• jz≠Hzºíöl:kAb‚ 

ºl°ckAb‚≠çöZdWkÚ≠jz≠ºA°V≠

ºm°EZ°ºg°Fß‡≠º‰Äöb

 ãöRßn‹≠Y©ΩT (metalloids)

ãöRß≠Tz‹E≠ºV‡≠ºVÕ≠H~R≠WV‘z≠RÚ≠L~R

ºB‚Õ≠ëöE≠Äö‹HºQ“°déöV≠gA¬Q:

Hz≠ºíöl: V~EHz≠n≠ºíö≠l:¿

ãöRß≠ºVÕ≠≠≠≠≠º‰ÄöbWV‘z≠RÚ≠L~R≠ºB‚Õ

Hz≠ºíöl:ºBîöcL©F≠Hz :

k‹QXölz‹E  V~Ek‹Q Sn( )

Pb( )

         n≠ºíöl:

º‰F°VHzqk‚ıV (ºg°A≠ΩgE≠≠ΩR

‰W™b ) Y©kÍıd   

ì⁄öVÚUıd    ÄöW©V 

W˙μd   ºkºgJ™b 

≠≠éöVF‹QßFdíöcTz≠W¿

Br l( ) P s( )

S s( ) C s( )

B s( )

Se s( )

l l

l

II( )

II( ) III( )

VII( ) VI( )

I( ) Cu
+

II( ) Cu2 + II( ) Fe2 +

III( ) Fe3 + …

Pt V( )

For
 WRERE≠BΔ

ìÍöc V~EkéìÍöc V~Eké

GGETzETz‹E≠‹Ezz n

HzHz

M
PTC-E

bo
ok

s 
AAQAA “z≠g≠zgQ æVæV

ggºº °R≠°AA ºmm°E≠≠≠°Emm

íöl:GÁEXöVí l:GÁEXö

A÷AEAdQEAdQ°°QQç

kk

ok
bo

ks
oob
ok

sb

u HgHg

Gee

In SnIn Sn

PPTT

AA

SSks
ooI

l: V~E≠nºíöl:A÷V~E≠nºíöl:A÷

ks
bo

ll

E

OnlyylyOOn ynlOnlOnlyO

P SP

F NeF Ne

C AC

Se

HeHe 1

nllC
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1. F©dWEÏzJZ°çöZBßk≠Å÷ödjz≠E‰A®bV~EB́WæV≠ãöRß≠¿

2. ºVÕA÷®EäöëöE≠B´W≠ ºR°≠qk‚ıVA‰bk”~R≠ºVÕ≠ΩY÷ABz≠EQz ?

3. ºR°≠ºí≠öl:V~En≠ºíöl:k”~RºVÕ≠≠≠≠≠‰REÚQzA÷®E≠äöëöEB´´W ?

4. ºR°≠T°≠äö‹E≠‰REÚ≠QzA÷®E≠äöëöE≠B´W≠ΩLg≠≠≠ºCké√ögÚºD°J≠éöV≠ºíöl:kAb‚º‰F°V ?

5. F©dºd∫W≠ëöWÚgA¬Q:Bßk≠Å÷ödjz≠Eºíöl:V~E≠n≠ºíöl:¿

6. ºR°≠ãöRß≠n‹≠Y©ΩTéöV≠gA¬Q:≠L©F≠ºb“F ?

7. F©d≠º‰H°kºd°kFºbÁ°cΩLg≠‰R£b≠‰R™j¿ B´WæV≠ãöRß≠ºVÕ≠A÷®E≠äöëöE≠B´WC• :

A. Hz≠WK»°æV≠ºíöl:äöb≠g‹≠Lz≠WÚ≠æV≠kAb‚≠çöZ

B. Hz≠H´dIdæV≠ãöRß

C. Hz≠H´d≠ºLAæV≠ãöRß

D. éöV≠F‹V´V≠ºn≠m~F≠‰R®≠E≠L©F≠Å÷öºVÕ≠‰kTz≠WÚ≠º‰Äö¤≠WEÓkÚ¿

8. A÷®E≠äöëöE≠B´W≠ ºC≠ºd∫W≠ãöRß≠C°b°≠èöE≠L©F≠ºb“F≠ ?

9. L©F≠ºb“F≠ºlÕ≠Sz≠‰A®b≠ ?

10. L©F≠ºb“F≠ºlÕ≠Sz≠B´W≠ ?

•    ºVÕ≠A÷®E≠äöëöEB´W≠ºCRº‰bªWãöR≠ßC°b°≠äöb≠g‹Lz≠WÚ≠ºA°V≠ºm°EæV≠F‹V´V‰W™≠RßE¿

•    H´d≠IdºVÕ≠A÷®E≠äöëöEB´WºlÕ≠Sz≠ “ ‰A®b  ” ºl°c≠ºgBg‹≠Lz≠WÚ≠‰A®bké√ögÚx„≠F‹V´V ºnm~F≠

‰R®Ej≠zmEÚdWkÚ≠ãöRß¿

•    H´d≠ºLAºVÕ≠A÷®E≠äöëöEB´WºlÕ≠Sz≠ “B´W ” ºl°c≠ºgBg‹Lz≠WÚ≠B´W≠k‰éöWÚ≠A‹QRÚ≠F‹V´V≠‰k≠Tz≠WÚ≠

ºn≠m~F≠‰R®E≠dWkÚ≠ãöRß¿

•    ã≠öRßC°b°Tz‹E≠nkÚ≠ºVÕ≠A÷®E≠äöëöEB´W≠‰R™j≠XöV≠ºd∫W≠F‹≠ºm°E≠ºTÕ≠äöb≠nb◊™dæV≠ãöRßC°≠b° : 

‰A®bºíöl:≠ñögÚ≠Äöïö‹E ºíöl:ñögÚ≠Äög°≠Q©≠ΩTd• qk‚ıVA‰b ‰A®b≠ºíöl:≠GÁE . . . ¿

emeronseg≈b

sMNYrniglMhat'

For

cΩLg

K»°æV≠ºíöl:äV≠ºíöl:

H´dIdæV≠ãH´dIdæV≠ã

ºLALA

M
PTC-E

bo
o

ABz≠EQz ?ABz≠EQz ?

QzA÷®E≠äöëöEBQzA÷®E≠äöëö

Lg≠≠≠ºCké√ögÚg≠≠≠ºCké√ögÚ

z≠Eºíöl:V~z≠Eºíöl:V~

Q:≠L©F≠ºb“F ?Q:≠L©F≠ºb“F ?

Lg≠‰R£b≠‰Rg≠‰R£b≠

ks
 

okokok
OOnlyRßC°≠b° : 

Ab≠ºíöl:≠GÁO
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11. ºC≠ΩFA≠ãöRß≠C°b°≠Hz≠WßV‚zV≠‰A®b≠ ? C•≠‰A®b≠nÍ°≠BÁ‡ ?

12. nb◊™dmEÚ≠äöV°R≠V~E≠ñöAÚ≠T°≠V°RéöV≠T°≠äö‹E≠‰REÚ≠Qz≠A÷®E≠äöëöE≠B´W≠ ?

13. L©F≠ºb“F≠ºlÕ≠Sz≠ ºnm~F≠‰R®E≠jz≠mEÚ≠ ?

14. k©≠L„™b≠éöV≠ºgB≠ñöR©b≠ ¿ F©d≠kdºkd≠dXöc≠ºnm~F‰R®E≠dWkÚ≠jz≠¿

15. AÁd≠éöV≠ºgB≠ñöR©b≠ ¿ F©d≠kdºkd≠dXöc≠ºnm~F‰R®E≠dWkÚ≠jz≠¿

16. L©F≠ºb“F≠ºlÕ≠Sz≠ ãöRß≠n‹≠Y©≠ΩT≠ ?

17. ºR°≠ºíöl≠È≠GÁE≠Qz≠b´c≠ΩLg≠ºC≠º‰W°≠Hz≠Äöäö≠g°Ad≠A÷®E≠g‹Vz‹≠ ºlW˙¢ ?

11

17

For
 M

PTC-E
bo

ok
s O

nly
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≠¿

äöëöEΩLg≠ºc°E≠ºD°JºVÕ≠A÷®E≠WV‘WÚ≠C°b°≠ºlÕ≠Sz≠ “äöëöE≠B´W≠æV≠ãöRß≠C°b°ö”¿ äöbdc:≠äöëöE≠ºV‡≠≠≠

ºc°E≠≠ñöFì√ögÚV~b~R“kKÀz ºÜ‚ö‡ gA¬Q:‰ZbTz‹E≠T‰bEÚñöR©bdWkÚ≠ãöRß¿ äöëöEºV‡≠éöV≠öö8≠‰A®b≠≠

ãöRß≠≠C°b° V~E‰A®b≠ºíöl:GÁE ºl°c≠≠≠ºc°E≠V£E≠≠≠≠≠≠ºg°AcAbA≠k~Aîög‹≠n~R≠ãöRß≠ 4≠‰A®b≠C• :  ‰A®b≠ I

ºíöl:ñögÚÄöïö‹E  ‰A®b≠ VII ñöm™≠ΩkV  ‰A®b VIII qk‚ıVA‰b V~E‰A®b≠≠ºíöl:GÁE¿

1 .          ‰A®b I ºíöl:ñögÚ≠Äöïö‹E≠

‰A®b≠öºíöl:ñögÚ≠Äöïö‹E k”~R≠ºVÕ≠H´d≠Id≠T°b´c≠ΩY÷A≠

Bz≠EºGÍE≠æV≠äöëöE≠B´W¿ ºíöl:ñögÚ≠Äöïö‹E≠éöV 6ãöRß≠C•ö: 

g°F©b  k©L„™b W©äök„™b dßcW˙¢L„™b

 ºkk„™b öV~E‰WEÚ≠k„™bö ¿

1 . 1         gA¬Q:d©W

ºíöl:≠ñögÚ≠Äöïö‹EéöV≠gA¬Q:≠L©F≠BzE≠º‰Äöb :

- Hz≠ºíöl:kAb‚≠BÁz≠‹E

- FbÁE≠Aºé“ö¤≠V~E≠nC√~kV°XöVgÓ 

- TVÚHz≠Eºíöl:L≠æT≠ºT∫Rºl°c≠ñöFÄöRÚ≠ fF~R≠V£E≠Äö‹≠W~RXöV

emeronTI

sikßaFatutam®kum2
  

   ❒  ZQ̄VzgA¬Q:d©W ≠gA¬Q:C°b°dWkÚ≠ºíöl:ñögÚ≠Äöïö‹E≠ ‰A®b≠ñöm™ΩkVV~E≠‰A®bqk‚ıVA‰b≠≠≠¿

   ❒  WEÏz≠J≠Z°gA¬Q: T°≠äö‹E ≠V~E≠Wº‰b°≠W‰éökÚdWkÚ≠‰A®b≠ºíöl:GÁEZV„gÚ≠Z°T‹Vz≠AÚT‹VE≠

      djzE‰T£k“°ñöR©bdWkÚ≠LzgÚ≠RßVºTÕ≠V£E≠FåöWÚ≠Tz‹≠E≠W°Bz≠Eºg°¿ 

   ❒  ZQ¯Vz≠Z°çöZ‰k≠ºL∫E≠Å÷öæV≠d©W≠bV“C°b°≠ : d©W≠bV“nßA≠kß°≠R nß°‰L®Akß°R V°‰äöR kß˙gYzR  

     ÄöW©Qz≠R V~EAÁd´¿

FWÚºbºd∫VºV‡≠ k~kÎñöF

‰A®b I

Li

Na

K
Rb
Cs

d©WT°ö1 : T°≠äö‹E≠ºíöl:≠ñögÚ≠Äöïö‹EA÷®E≠äöëöEB´W

Fr

Li( ) Na( ) K( )

Rb( ) Cs( ) Fr( )öö ~E‰W~E‰WVV

dWW

))Naa

( )( )Css

M
PTC-E

bo
ok

s
ë E≠B´W≠æV≠ãöRß≠W≠æV≠ãöRß

T‰bEÚñöR©bdWT‰bEÚñöR©b

g°AcAbA≠k~g°AcAbA≠k~

‰A®b‰A®b VIII IIb qk‚ıqk‚ı

ïö‹E≠ïö‹E≠

k”~R≠ºVÕ≠H´k”~R≠ºVÕ≠H´

íöl:ñögÚ≠Äöíöl:ñögÚ≠Äö

W©äöäWW

ks
 

ks
Only

Vz≠AÚT‹VE≠

R V°‰äöR k˙
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- ‰ìög≠Hz≠Eºíöl:L≠æT≠ºT∫R éöV≠LEÚkß°≠ºR V~E≠F‹QßFd≠íöcTz≠W¿≠ ºíöl:W°≠BzE≠ºg°  

   n≠ΩQ“Rºg°≠T£A ºl°c≠éö≠V‰WR~Ab‚≠Hz≠b´c≠T£A≠èöEBÁz‹E≠ÄÁö ºCdAîöjz≠ºLz≠c≠‰äö‹≠

ºVÕ≠A÷®E≠º‰WE≠ÄöR¿ dßc≠W˙¢≠L„™b V~Eºkk„™b C•≠Hz≠ãöRßΩLg≠éöV≠º‰Åö‡≠S÷z≠AÚ¿≠ ‰Wk~VºW°≠ºC≠

Lz≠AÚ≠≠jzºVÕ≠A÷®E≠≠ΩAj≠ΩLg≠éöV≠T£A≠ ºVz‡≠‰WR~≠Ab‚≠BÁz‹E≠ÄÁöb´c≠V£E≠ºA°R≠éöV≠ºm°E≠ ΩLg≠ºUÍ°≠x„ΩAj≠

ΩWA≠BΔzc¿ F‹≠ΩQA≠‰WEÚ≠k„™bC•≠Hz≠ãöRß≠ΩLg≠éöV≠º‰Åö‡≠S÷z≠AÚW‹≠YßRöjz≠Hz≠ãöRß≠j~T„®≠kAb‚≠¿≠

L©FºV‡ãöRß≠ V~Eö  A‰bºD°JéöV≠ºVÕT°Z~≠ºìöUVˆQz≠kÚ¿

äöëöE≠gA¬Q:d©W≠ºíöl:ñögÚ≠Äöïö‹E

1 . 2         gA¬Q:C°b°

ºíöl:ñögÚ≠Äöïö‹EHz≠ºíöl:kAb‚≠BÁz‹Eºl°ckAb‚≠çöZ≠ºV‡≠

ºA°V≠ºm°E≠Z°ºg°Fß‡≠º‰Äöb º‰K≠‡ÄögQz≠≠ñöR©bÄöVÚ≠ΩR≠U‹≠‰kTz≠WÚ≠ºn≠m~F≠

‰R®E≠ÄöVÚ≠ΩR≠ºA°Vºl°c≠AéÁö‹E≠T‹Vz≠J≠Z°≠æQÍc©≠≠ºTÕ≠≠ ºn≠m~F≠‰R®E≠≠ ÄöVÚ≠ΩR≠

ºBîöc≠≠ºUÍ°≠x„jz≠Ezc≠Y“z≠FÚºn≠m~F≠‰R®Ej≠z≠mEÚ≠ºTzg≠ºVÕ≠‰kTzWÚ≠º‰Äö¤≠WEÓkÚ≠

ÄÁöcºTÕ≠≠Hz≠nß°cßEj~H»≠éöV¿ºíöl:≠ñögÚ≠Äö≠ïö‹E≠Tz‹E≠nkÚ≠WºE¡°R≠≠Hz≠nß°≠cß≠E≠≠

j~H»≠éöV ≠¿

ºÜ‚ö‡ãöRß V~b~R“kKÀ≠z ñöÄöd:BzE≠º‰Äö¤(ZQ̄) F‹QßF≠d≠íöc LEÚkß°≠ºR .

g°≠F©b

k©L„™b

W©äök„™b

dßcW˙¢L„™b

ºkk„™b

TVÚ ZQ¯≠‰W≠ºY‡

TVÚ ZQ¯≠‰W≠ºY‡‰ìög

TVÚ ZQ¯≠ºB∫j/‰W≠ºY‡

    ZQ¯≠k‰XöAÚ

    ZQ¯≠k‰XöAÚ

 

Li

Na K

Rb Cs

°C g cm 3–
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Na

K
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181
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K
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Cs
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Li

M + Li + , Na + , K + , Rb + , Cs +( )For

z≠Ezc≠Y“z≠FÚc≠Y“z≠F

Hz≠nß°cßEj~H»≠éöHz≠nß°cßEj~H»≠é

M ++ +((LiL

M
PTC-E

Hz≠ºíöl:kAHz≠ºíöl:k

b º‰Kº‰K≠‡Äög≠‡ÄöKK

c≠AéÁö‹E≠T‹Vzc≠AéÁö‹E≠T‹Vz

ºnn

C-E
bo

ok
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‰W≠ºY‡‡

k‰XöAÚk‰XöAÚ

ZQ¯≠k‰XöAÚZQ¯≠k‰XöAÚ
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k

C-E
99
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  A.≠  ‰WR~≠Ab‚≠Hz≠b´c≠T£A

ºíöl:≠ñögÚ≠Äöïö‹EéöV≠‰W≠R~Ab‚≠èöEBÁz‹E≠ÄÁöHz≠b´c≠T£A≠x„≠Yg≠Hznß°≠‰L™ΩkVV~E≠k©gßc≠k„®E≠

nß°‰L®A≠kß°R ( Hz≠XökñögÚ≠Äög°ΩLg≠ñöF≠Ω‰W≠ZQ¯nE√ãöRßFEÓ®gZQ¯≠ )¿

qTzldQˆ  :

  B.  ≠‰W≠R~Ab‚Hz≠b´c≠n≠ºíöl:

ºíöl:ñögÚ≠Äöïö‹EHz≠ºíöl:≠kAb‚ jz≠ñöFF©g≠YÎ‹ºLz≠c≠Y‘z≠gÚ≠Hz≠b´c≠n≠ºíöl:≠kAb‚L©F≠Hz≠

ñöm™≠ΩkV¿

• ≠‰W≠R~Ab‚Hzb´cAÁd 

ÄögQz≠≠ºC≠Lz≠AÚ≠ºíöl:k©L„™bΩLg≠LßR≠Aºé“ö¤ºTÕ≠A÷®E≠qk‚ıVAÁdºVz‡ ºCºD°J≠éöV≠nQ“z≠R≠ºaÁ°E≠

aÁ•≠ºA°R≠ºm°E¿ ºíöl:ºV‡≠ºG‡≠ºLz≠c≠WºKΔ≠JZVÁ• V~E≠ΩYÎEZQ¯≠k≠èöE≠BÁz‹E≠ºl°c≠éöV≠AºA°R≠nE√ãöRß≠

d£E≠ZQ¯kºlÕ≠Sz : k©L„™bAÁd´ (n‹W~gk‹g)¿

• ≠‰W≠R~Ab‚Hz≠b´c≠nßA≠kß°≠ΩkV 

ºíöl:≠ñögÚ≠Äöïö‹EéöV≠‰WR~Ab‚≠BÁz‹E≠ÄÁöHz≠b´c≠B„gÚ≠ f≠nßA≠kß°≠ΩkVx„≠Hz≠nE√ãöRßd£E≠ZQ¯k

ºlÕ≠Sz≠≠≠≠≠≠≠≠≠ “ nßAkß°R ”¿ ºíöl:≠ñögÚ≠Äöïö‹EºG‡≠x„≠Hz≠nQ“z≠RºaÁ°E≠éöV≠ZQ¯ºYÎE≠›Å÷ö¿

äöëöEWEÏz≠J≠Z°≠ZQ¯nQ“z≠R≠ºaÁ°E≠ºíöl:≠ñögÚ≠Äöïö‹E

ºíöl:ñögÚ≠Äöïö‹E ZQ¯nQ“zRºaÁ°E

g°F©b 

k©L„™b 

W©≠äök„™b 

dßcW˙¢L„™b 

ZQ¯ ‰Alb

ZQ¯ ºgÆE

ZQ¯Y¡z≠I©A - ìÍöc

ZQ¯Y¡z≠I©A - ìÍöc

k©L„™b  ö+  ≠ T£A             k©L„™bnß°≠‰L®A≠kß°R  + önß°≠‰L™≠ΩkV

2Na s( ) 2H2O l( ) 2NaOH aq( ) H2 g( )++

Cl2( )

k©L„™b  ö+   ≠AÁd            k©L„™bAÁd´

2Na s( ) Cl2 g( ) 2NaCl s( )+

O2( )

Li( )

Na( )

K( )

Rb( )

For
 ëöE

ºíölºíölorF
M

PTC-E
bo

ok
s k‚ıVAÁVAÁdºVz‡ dºVz‡ 

EZQ̄≠k≠èöE≠Q¯≠k≠èöE

R~Ab‚≠BÁz‹E≠ÄÁöHzR~Ab‚≠BÁz‹E≠ÄÁöH

l:≠ñögÚ≠Äöïö‹EñögÚ≠Äöïö‹

WEÏz≠J≠Z°≠WEÏz≠J≠Z°≠

         k        kEbEbEb

22 gg( )(gg
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Onlyc≠n≠ºíöl:≠kAb‚ºíöl:≠kA
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2 .          ‰A®b VII : ‰A®b≠ñöm™≠ΩkV

ãöRß≠ºVÕA÷®E≠‰A®b≠≠ VIIºV‡≠kßT’≠≠≠≠≠ΩR≠Hz≠nºíöl:≠éöV≠ãöRß : aÁ®c≠nd  AÁd  ‰W™b 

V~E nß°c©R jzHz≠n≠ºíöl:kAb‚≠BÁz‹E¿ ºC≠x„ºÜ‚ö‡ãöRß≠ºVÕ≠A÷®E‰A®b VIIºV‡Hz≠≠≠≠≠≠ ‰A®b≠≠ñöm™≠ΩkVö

º‰K≠‡≠ãöRß≠Tz‹E≠nkÚ≠ºVÕ≠A÷®E≠‰A®b≠ºV‡éöV≠‰WR~≠Ab‚≠Hzb´c≠ºíöl:≠çöC≠º‰F°Vx„Hz≠≠≠≠≠≠n‹W~g¿ ñöm™≠ΩkV≠Hz≠

K≠A„‰A~F≠éöVVıcS≠≠z “n÷A≠WºE¡°R≠n‹W~g ”¿ kAb‚≠çöZC°≠b°≠dWkÚ≠ãöRß≠A÷®E≠‰A®b VII≠Sc≠Fß‡Z°≠ºg°≠Fß‡≠

º‰Äöb ºV‡≠WQ“z≠≠≠≠g≠bA≠≠Z°≠T‹l‹≠ñöR©bÄöVÚ≠ΩR≠U‹≠ ºl°c≠‰k≠Tz≠WÚ≠ºn≠m~F≠‰R®E≠ÄöVÚ≠ΩRºA°V≠ºUÍ°≠x„≠æQÍc©

dWkÚ≠jz≠Z~XöA≠TzJcA≠ºn≠m~≠F‰R®E≠ºL°b◊°≠ÄÁöcHz≠önß°≠cßE ¿ nß°cß≠E ñöm™≠ΩkVTz‹E≠nkÚ≠éöV≠WV‘®Anj~H»≠

éöV≠  V~E  ºl°c≠b©ºgCßg≠dWkÚ≠jz≠V°b´c≠›éöVö2ñöR©b (O°≠ñöR©b)

 V~E ¿

2 . 1        gA¬Q:d©W

ãöRß≠Tz‹E≠nkÚ≠ºVÕ≠A÷®E≠‰A®b≠ñöm™ΩkVkßT’≠ΩR≠Hz≠≠n≠ºíöl:ΩLg≠A÷®E≠ºVz‡aÁ®cnd V~E≠AÁdHz≠qk‚ıV

‰W™bHz≠nE√ãöRßëöj≠ºl°cnß°≠c©RHz≠nE√ãöRßd£E (ºb°g≠äöëöEBz≠Eº‰Äöb)¿ ãöRß≠≠A÷®E≠‰A®bñöm™ΩkVTz‹E≠

nkÚ≠HzãöRß≠Zßg≠≠ L©F≠ºV‡ºc°E‰R™j≠‰W®E≠‰WcıR÷ºVÕ≠ºZg≠ºUÍ°°≠Z~≠ºìöUVˆ¿

äöëöEgA¬Q:d©WdWkÚ≠ñöm™ΩkV

ºÜ‚ö‡ b©≠ºgCßg ñöÄöd:≠BzE≠º‰Äö¤(ZQ¯) F‹QßFd≠íöc F‹QßFd‹Zß‡ çöZd©W

aÁ®c≠nd

AÁd

‰W™b

nß°c©R

ZQ¯≠ºgÆE‰Z≠≠≠≠≠≠≠≠ΩgR

ZQ̄‰R¨cºFA

ZQ̄≠‰Albºä÷öR

ZQ̄ìÍöc

qk‚ıV

qk‚ıV

ëz≠j

d£E

F( ) Cl( ) Br( )

I( )

1– F( – , Cl– Br–, I– )

F2, Cl2 Br2, I2

Cl

H

Br

I

F

‰A®b VII

d©WT°ö2 :  T°≠äö‹E≠dWkÚ≠ãöRßC°b°≠≠≠‰A®b VII (ñöm™≠ΩkV)ºVÕ≠A÷®E≠äöëöEB´W

qk
‚ıV
A
‹d

k
A
b
‚≠ç
öZ

S
c

Br

I

Cl

F

°C °C

F2

Cl2

Br2

I2

220–

101–

7–

114

188–

35–

59

184

ß

F≠ºV‡ºc°E‰V‡ºc°E

F
M

PTC-E
bo

ok
s 

‰A®b≠ñöm™ΩkVk‰A®b≠ñöm™ΩkV

c©RHz≠nE√c©RHz≠nE√

bo
ok

bo
okoobo
ok

s

Eb
C-E

Br

ãöRßC°b°≠≠≠‰A®bãöRßC°b°≠≠≠‰A®b VIIV

qk
‚ıV
A
‹d

qk
‚ıV
A

Only

E≠nkÚ≠éöV≠WV‘®AnkÚ≠éöV≠W
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- AÁd  : Hz≠qk‚ıVZQ¯≠‰R̈c≠

ºFA≠éöV≠b©≠ºgCßgO°≠≠ñöR©b¿ ºVÕ≠

A÷®E≠çöZd©WHz≠qk‚ıVb©≠ºgCßgdWkÚ≠

jz≠äö‹E≠ºVÕ≠Ö≈öcZ°≠Å÷ööV~E≠ºUÍ°≠FgVz≠

ºLz≠c≠≠ºg◊ØVºgÆV¿

- ‰W™b  : Hz≠nE√ãöRßëöj≠ZQ¯≠

‰Albºä÷öREz≠c≠ºl°d éöV≠F‹QßF≠

d‹Zß‡Tz≠W  ºl°c≠Ez≠c≠ÄÁöc≠

ºTÕ≠Hz≠F‹≠lz≠c¿

-  nß°≠c©R  : Hz≠nE√ãöRßd£E≠ZQ¯≠

ìÍöc≠¿ b©≠ºgCßgO≠°≠ñöR©b≠dWkÚ≠≠≠≠≠≠

nß°c©Rç»öWÚ≠Å÷öºTÕ≠j~≠J≠ºTÕ≠bA≠V~E≠

ÄödRº‰bªW≠ºT∫E≠Tz≠RÚ¿ ºW°≠ºC≠LßR≠

Aºé“ö¤≠ nß°≠c©RΩWÁEºLz≠c≠Y‘z≠gÚ≠ºTÕ≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠

Hz≠F‹lz≠c≠ZQ̄≠ìÍöcºLz≠cb~V≠GÁE≠ÄöRÚ≠çöZëöj¿ ñöR©b≠Tz‹E≠Z°d≠dWkÚ≠b©≠ºg≠Cßgñöm™≠ΩkV≠

FE≠ç»öWÚ≠Å÷öºLz≠c≠kbı⁄V’A©jz≠mEÚ Wß≠ΩV“≠AéÁö‹EFºVÁz≠‡≠b©ºgCßgjz≠ºBîöc≠Qz≠kÚ L©F≠ºV‡≠

F‹QßFdíöc≠ V~E≠F‹QßF≠d‹Zß‡≠dWkÚ≠ãöRß≠Tz‹E≠ºV‡Tz≠W (º‰Äöb≠ )¿

2 . 2        gA¬Q:C°≠b°

  A. ‰WR~Ab‚Hz≠b´c≠ºíöl:

ñöm™≠ΩkVTz‹E≠nkÚ≠éöV≠‰WR~Ab‚èöEBÁz≠‹E≠ÄÁöHz≠b´c≠ºíöl:WºE¡°RXöV≠Hz≠n‹≠W~g¿ 

qTzldQˆ≠ :  k©L„™bºG‡A÷®E≠≠≠≠≠≠AÁ≠d≠ºLzcWºKΔ≠J≠nQ“z≠R≠ºaÁ°EaÁ• :

çöZkAb‚≠dWkÚ≠ñöm™≠ΩkVS≠c≠Fß‡Z°≠ºg°≠Fß‡≠º‰ÄöbC• ‰W™bºBîöcHz≠EAÁd ºl°c≠n°ßc©RºBîöc≠

HzE≠≠‰W™b¿

qk‚ıVAÁd

Cl2 g( )

F‹≠lz≠c‰W™b

Br2 l( )
‰W™bëöj

nE√ãöRß≠ëöjEzc≠ºl°d

ºJ°knß°≠c©R‰RHz≠AÚ

F‹≠lz≠cnß°≠c©RZQ̄≠ìÍöc

nß°≠c©≠R≠ëöj

I2 s( )Aºé“ö¤

Cl2( )

Br2( )

59°C

I2( )

200°C

k©L„™b  ö+   ≠AÁd             k©L„™bAÁd´

2Na s( ) Cl2 g( ) 2NaCl s( )+

For

Hz≠b´c´

m™≠ΩkVTz‹E≠nkm™≠ΩkVTz‹E≠n

qTzldQˆ≠ qTzldQˆ≠ 

M
PTC-E

bo
ok

s
cb~V≠GÁE≠ÄöRÚ≠çcb~V≠GÁE≠ÄöRÚ≠ç

A©jz≠mEÚ Wß≠ΩV“A©jz≠mEÚ Wß≠Ω

E≠F‹QßF≠d‹Zß‡≠dWF‹QßF≠d‹Zß‡≠

b

c≠ºíölc≠ºíöl

ks
 Q¯≠ìÍöcìÍöc

ks
OnlnlnlnlnllylylylyyyyyyyyyyyyyyyynnOOO
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  B. ‰WR~≠Ab‚≠H‹V´k

ñöm™≠ΩkV≠ΩLg≠≠≠≠kAb‚≠BÁz‹E≠ñöF≠H‹V´kñöm™≠ΩkV≠ΩLg≠b~V≠k©jkAb‚≠Z°≠k©gßc≠k„®E≠n‹W~g≠dWkÚ≠

jz≠XöV¿ 

qTzldQˆ :  AÁdñöFH‹V´knß°≠c©RZ°≠k©gßck„®≠EW©≠äök„™bnß°≠c©O´XöV :

‰W≠R~Ab‚≠dWkÚ≠ñöm™≠ΩkVºV‡≠Hz≠‰WR~Ab‚ºdLßA¿ºVÕ≠ºZgAÁd≠H‹V´knß°c©RA÷®E≠‰WR~Ab‚BzE≠ºg°≠

ñöR©b≠AÁdF‹ºQJºn≠m~F≠‰R®E≠b´c≠ºL°b◊°≠ÄÁöc≠Hz≠nß°≠cß≠EAÁd¿öF‹ΩQAnß°≠cß≠E≠n°ßc©RXöRÚ≠ºn≠m~F≠‰R®E≠b´c≠

ºL°b◊≠°ÄÁöc≠Hz≠ñöR©bnß°c©R¿ n°ßcßE≠nß°≠c©RdE≠nßA≠kß°RAb‚¿

ñöR©bAÁdR©F≠Hz≠≠≠≠≠≠≠≠≠≠≠≠≠EñöR©bnß°c©R¿ L©F≠ºV‡ñöR©bAÁd‰WTz≠JcAºn≠m~F≠‰R®E≠XöV≠BÁz‹E≠Hz≠E≠ñöR©b≠

nß°c©R ºV‡WK»»zAÚSz≠≠≠≠≠ñöR©bAÁdHz≠ç÷öAÚEzdnßAkß°RAb‚ (nßAkß°RAd) BÁz‹E≠Hz≠EñöR©bnß°c©R¿

3 .          ‰A®b VIII : qk‚ıVA‰b

3 . 1        gA¬Q:T©ºTÕ≠

‰A®b≠ VIII (qk‚ıVA‰b)N~RºVÕH´d≠Id≠

ΩY÷ABz≠Eì“ö‹≠æV≠äöëöEB́W¿ ãöRßTz‹E≠nkÚ≠ºVÕ≠A÷®E≠

‰A®b≠ºV‡≠kßT’≠ΩR≠Hz≠qk‚ıVnkAb‚f≠ãöRß≠C°b°≠V~≠Fg

ºCx„ºÜ‚ö‡≠Szqk‚ıVA‰b¿ jz≠Hz≠qk‚ıV≠b©Q©≠

ñöR©b (ñöR©b≠b´c) ºl°c≠éöV≠F‹QßFdíöc≠

V~E≠F‹QßF≠d‹Zß‡Tz≠W¿V~≠FgçöZ≠ºV‡ºLzc≠ìöd≠

ΩR≠‰kTz≠WÚ≠º‰Äö¤W‹≠YßR≠æV≠ãöRß≠‰R™j≠W‹≠ºZJ  8ºn≠m~F≠

‰R®Eºg°A≠ΩgE≠ΩR≠ºng„™b¿ qk‚ıVTz‹E≠ºV‡b~V≠éöV≠T‹ºVzdF©gYÎ‹Hz≠b´c≠≠ãöR≠ß≠ºYÎEºT∫≠R ºL°b◊°≠≠WºE¡°R≠

kéök≠ãöRß≠nß°cßE fkéök≠ãöRß≠A©jz≠mEÚºT¿ L©FºV‡≠jz≠éöV≠gA¬Q:≠nkAb‚≠ºl°c≠k”~R≠A÷®E≠çöZ≠≠Hz≠

ñöR©b≠ºTz≠g≠fºlÕ≠Sz≠: b©Q©≠ñöR©b¿ qk‚ıVTz‹E≠nkÚ≠ºVÕ≠A÷®E≠≠≠≠‰A®bö≠VIII Hz≠qk‚ıV≠Å‚öV≠ZQ¯ ºl°c≠jz≠

éöV≠F‹QßF≠díöc≠≠V~EF‹QßF≠d‹Zß‡Tz≠W¿

AÁd  ö+  ≠W©äök„™b≠nß°≠c©O´         ≠W©äök„™b≠AÁd´   +  nß°c©R 

Cl2 g( ) 2KI aq( ) 2KCl aq( ) I2 s( )++

Cl2 g( ) 2I– aq( ) 2Cl– aq( ) I2 s( )++

Ne

Ar

Kr

He

Xe

qk‚ıVA‰b

d©WT°ö3 : T°äö‹E≠qk‚ıVA‰bA÷®E≠äöëöE≠B´W

RnFor

‰b¿ 

c) ºlºl°c≠é°cll

Tz≠W¿V~≠FgTz≠W¿V~≠Fg

YRæVRæV

M
PTC-E

bo
ok

s 
‰WTz≠JcAºn≠JcAºn

nßAkß°RAd) kß°RAd) 

ºVÕH´d≠Id≠ºVÕH´d≠Id≠

Tz‹E≠nkÚ≠ºVÕ≠A÷Tz‹E≠nkÚ≠ºVÕ≠A÷

kAb‚f≠ãöRß≠C°b°kAb‚f≠ãöRß≠C°b°

jzjzHzH

) I++

Only

E≠‰WR~Ab‚BzE≠º‰WR~Ab‚BzE

c©RXöRÚ≠ºn≠m~F≠‰Rc©RXöRÚ≠ºn≠m~F≠‰R

( )s
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äöëöEgA¬Q:d©W≠dWkÚ≠qk‚ıVA‰b

3 . 2        Wº‰b°≠W‰éökÚ

ºn≠g„™b ºVnßE V~E≠ñöAßEHz≠qk‚ıVA‰bΩLg≠≠ºCV~cbº‰W°HzEºC¿ ºC≠º‰W°≠≠≠ñöAßEºVÕ≠A÷®E≠≠≠≠≠

n‹Z©g≠ºaÁ°Eb©g≠º‰K≠‡kd≠ækREÚ≠Ωk“VæV≠n‹≠Z©gºaÁ°E≠b~V≠éöV≠n‹≠ºZ°Hz≠b´c≠jz≠ºT¿ ‰Wk~V≠ºW°≠ºCº‰W°≠B„gÚ≠

H‹V´k≠j~J≠ºVz‡ kd≠æk≠ºíöl:ºÄ“ö¤≠V£E≠éöV‰W≠R~≠Ab‚≠Hz≠b´c≠nßAkß°ΩkVºVÕ≠A÷®E≠B„gÚ¿ ºl≠Rß≠ºV‡≠ºl°c≠

XöV≠Hz≠≠ºC≠º‰W°ñöAßE≠ºVÕ≠A÷®E≠qkîölAb‚ΩLAΩSW ºLz≠c≠ìöd≠ΩR≠jz≠Å‚öV≠n‹≠ºZ°≠Hz≠b´cΩLA≠díöc¿

ºV≠nßEº‰W°≠ºVÕ≠A÷®E≠n‹Z©gºaÁ°E≠Yîöc≠K≠Q~H»≠Ab‚¿ºn≠g„™bºCº‰W°A÷®E≠Xöm®ER©F›V~E≠èöVn≠j≠

Äök≠≠≠T‹ºV°W º‰K≠‡≠≠jz≠éöVLEÚ≠kß°≠ºR≠Tz≠W¿

ºÜ‚ö‡ V~b~R“kKÀz F‹QßFdíöc F‹QßFd‹Zß‡ Wº‰b°W‰éökÚ

ºn≠g„™b

ºVnßE

ñöAßE

‰C°WRßE

ºkQßE

ëöLßE

èöV≠njÄök XögÚ≠m®E≠ñöÄök

n‹≠Z©g≠ºaÁ°E≠Yîöc≠K≠Q~H»≠Ab‚

qk‚ıVV~Fg≠A÷®E≠n‹Z©gºaÁ°E≠b©g

qk‚ıVk‰éöWÚ≠W‹≠ºZJ≠Wd~≠Ä¬öºn≠m~F≠

‰R™V~F≠V~E≠ïöΩk˙d

qWAdQˆWºK≠ΔJZVÁ•≠dWkÚ≠Äö‹≠ºaÁ°E

qk‚ıVj~T„®≠kAb‚≠Ub‚≠Hz≠R~

°( C ) °( C )

He

Ne

Ar

Kr

Xe

Rn

270–

249–

189–

157–

112–

71–

269–

246–

186–

153–

109–

62–

Vz≠jz≠njÄök n‹Z©g≠ºaÁ°EYîöcKQ~H»≠Ab‚ n‹Z©g≠ºaÁ°Eb©g

d©WT°ö4 : Äöd≠º‰W°≠qk‚ıVA‰bA÷®E≠H°≠jçöZ

rr M
PTC-E

bo
ok

s
k‚ıVA‰bΩLgk‚ıVA‰bΩLg

VæV≠n‹≠Z©gºaÁ°EæV≠n‹≠Z©gºaÁ°E

ºÄ“ö¤≠V£E≠éöV‰WºÄ“ö¤≠V£E≠éöV‰W

qkîölAb‚ΩLqkîölAb‚Ω

A÷®E≠n‹Z©gºaÁ°EA÷®E≠n‹Z©gºaÁ°E

éöVLEÚ≠kß°≠éöVLEÚ≠kß°

‰R™VF≠™

qWAdQqWAdQ

qk‚ıqkıokoo
62

Only

c≠K≠Q~H»K≠Q

Fg≠A÷®E≠n‹Z©gºaÁ°EA÷®E≠n‹Z©gºa°

Vk‰éöWÚ≠W‹≠ºZJ≠k‰éöWÚ≠W‹≠ºZ

F≠V~E≠ïöΩk˙FV~Eï
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4 .          ≠‰A®b≠ºíöl:GÁE

ºíöl:≠GÁEC•Hz≠‰A®bºíöl:ΩLg≠N~R≠ºVÕ≠A÷®E≠ΩY÷AAQ“z≠g≠æV≠äöëöEB´W¿ãöRß≠Tz‹E≠nkÚ≠ºVÕ≠A÷®E≠≠

‰A®bºV‡≠éöVgA¬Q:≠‰k≠ºL∫E≠Å÷ö¿

4 . 1        gA¬Q:d©W

ºíöl:GÁEéöVLEÚ≠kß°≠ºR V~EF‹QßFdíöc≠B⁄kÚºU∫WV£E≠ºíöl:LæTºT∫R¿

äöëöE≠º‰WªWºU∫WgA¬Q:≠d©W≠ºíöl:GÁE≠ V~E≠ºíöl:LæT

- ºíöl:≠GÁE≠Hz≠ºíöl:d£E kÍ~R éö‹ V~E≠aÁ• ºc°E≠b~V≠ñöFÄöRÚ≠jz≠V£EÄö‹W~RL©F≠ºíöl:≠ñögÚ≠Äö≠

ïö‹EXöVºT¿

- F‹QßF≠díöc≠B⁄kÚ ºg°A≠ΩgEXödR≠ºFJΩLg≠Hz≠nE√ãöRß≠≠ëöj≠ºVÕ≠k°≠Rß≠QÏ≠çöZWV‘WÚ≠jz≠díöc≠

ºVÕ≠k°RßQÏ≠çöZ ¿

- ñöF≠ΩYV~≠El©R≠Hz≠g´kXöV¿

- FbÁE≠Aºé“ö¤≠V~E≠nC√~kV°XöV≠gÓ : ‰XöAÚC•≠Hz≠ãöRßΩLg≠FbÁEnC√~kV°XöV≠gÓ≠HzEºC≠W‹≠YßR≠ºl°c≠≠

TEÚ≠ΩLEgÓ≠WV‘z≠WÚ≠Z°≠‰XöAÚ¿

ºíöl:GÁE ºíöl:LæTºT∫R

ºíöl: LEÚkß°≠ºR F‹QßF≠díöc ºíöl: LEÚ≠kß°≠ºR F‹QßFdíöc

‰A™b 

ΩLA 

V°≠ΩAg 

TEÚΩLE 

k©L„™b 

éöºJk„™b 

ñögßcb°≠J™b 

ÄögÚ≠k„™b 

‰A®b≠ºíöl:≠GÁE

Sc Ti V Cr Mn Fe Co Ni Cu Zn

Y Zr Nb

Bh

Tc Ru Rh PdMo

La Hf Ta AuW Re Os

Ag

Ac Rf Db Hs MtSg

Pt

Cd

Ir Hg

d©WT°ö5 : T°≠äö‹E≠≠ºíöl:GÁE≠A÷®E≠äöëöEB´W

Ds Rg

g cm3⁄ °C( ) g cm3⁄ °C( )

Cr( )

Fe( )

Ni( )

Cu( )

7.2

7.9

8.9

8.9

1857

1535

1453

1083

Na( )

Mg( )

Al( )

Ca( )

0.97

1.7

2.7

1.5

98

650

660

840

39°– C

For
 

l:≠GÁE≠Hz≠ºíl:≠GÁE≠Hz≠ºí

VºTºTFo

.9

8.98.9

M
PTC-E

bo
ok

s ºíöl:LæTºíöl:LæT

l:GÁE≠ V~E≠ºíGÁE≠ V~E≠ºí

íöc ºíöc

M
C

boE
T

))CC

18571

1515

Onlynlynly
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- b~VL©Fk©L„™bºT ºíöl:Tz‹E≠ºV‡g~F≠A÷®E≠T£A º‰K≠‡LEÚ≠kß°ºRdWkÚ≠jz≠U‹≠Hz≠ELEÚ≠kß°≠ºR≠T£A 

¿

4 . 2        gA¬Q:C°b°

kAb‚≠çöZdWkÚ≠ºíöl:GÁEºBîöcHz≠E≠ºíöl:≠ñögÚ≠Äöïö‹E≠BÁz‹E≠QzkÚ¿

- ºc°E≠ñöFYg~Rn‹W~gdWkÚ≠ºíöl:GÁE≠ºLz≠c≠x„≠nßA≠kß°R≠ fnß°‰L®A≠kß°RdWkÚ≠jz≠≠≠éöV≠‰WR~Ab‚≠

Hz≠b´c≠ñökß°R¿

- nßA≠kß°Rfnß°≠‰L®A≠kß°RdWkÚ≠ºíöl:GÁE≠Hz≠ Xök¿≠ gA¬Q:b~V≠k©j≠kAb‚≠dWkÚ≠jzéöVVıc≠≠≠≠≠≠≠≠Sz≠

jz≠b~V≠dEA‹Q©R≠ºVÕ≠A÷®E≠B„gÚV~EA÷®ET£AºT ºg°A≠ΩgEΩR≠ΩLA¿ΩLA≠Ezcºm°E≠≠≠≠≠≠≠Ω‰F‡ ºl°c≠≠

ºc°E≠XöVF‹Qz≠c≠‰XöAÚHz≠º‰F°VHz≠ºd∫E≠ëögÚ≠Ö÷ö‹≠ºL°b◊°ÄödK≠db~V≠ºñöc≠ºm°E≠Ω‰F≠‡≠ºV‡≠¿

• WΩ‰bW‰b¨gjz≠mEÚ :nß°≠cßEºíöl:GÁE≠≠≠≠≠≠≠≠≠b´c≠F‹V´V éöV≠jz≠mEÚΩ‰W≠‰W¨g¿ 

qTzldQˆ : nß°≠cß≠Ej≠zmEÚBßk≠Å÷ö

nß°≠cßE≠‰A™b :  V~E 

nß°cßEΩLA :  V~E 

nß°cßETEÚ≠ΩLE :  V~E 

• nß°≠cßE≠A‹ßYÁ~F :≠ ºíöl:GÁEWºE¡°R≠Hz≠nß°≠cßE≠Aß‹≠YÁ~F≠ΩLg≠éöV≠WV‘®Anj~H»≠éöV :

qTzldQˆ≠ : nß°≠cßE‰A™éöR :  

nß°cßEO°≠‰A™≠éöR :  

nß°cßEΩZbEÚ≠ÄöQzR :

1g cm3⁄

T£A TEÚΩLE

TEÚΩLEÅ‚öV≠‰WR~Ab‚Hz≠b´cT£A  TEÚ≠ΩL≠≠≠≠Eb~V≠ºG‡A÷®E≠B„gÚ

(k©L„™b≠éöV≠‰WR~Ab‚èöEBÁz‹E≠ÄÁöHz≠b´cT£A)  (k©L„™bºG‡A÷®E≠B„gÚ≠èöE≠BÁz‹E)

qTzldQˆöÈ 

Cr2 + Cr3 +

Fe2 + Fe3 +

Cu+ Cu2 +

CrO4
2–

Cr2O7
2–

MnO4
–

For
 ™b

EΩLAEΩLA

nß°cßETEÚ≠ΩLnß°cßETEÚ≠Ω



M
PTC-E

bo
ok

s 
Lz≠c≠x„≠nßA≠kß°c≠x„≠nßA≠kß°

l:GÁE≠Hz≠ :GÁE≠Hz≠ XöXö

gÚV~EA÷®ET£AºgÚV~EA÷®ET£Aº

AÚHz≠º‰F°VHz≠ºAÚHz≠º‰F°VHz≠

mEÚ :mEÚ :nß°≠cßEºnß°≠cßEº

nß°≠cß≠Ej≠zmEÚnß°≠cß≠Ej≠zmEÚ
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O
yyyyy

 T TEÚ≠ΩLE
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• ZQ¯≠dWkÚ≠≠≠≠k≠éök≠ãöRß:kéök≠ãöRßdWkÚ≠ºíöl:≠GÁE≠kßT’≠ΩR≠éöV≠ZQ¯k‹≠ÅögÚ≠Hz≠V~FΔ¿

qTzldQˆ≠ : kéökãöRß≠ΩLgéöVnß°≠cßEΩLA :  ZQ̄‰R¨cºFA 

kéökãöRß≠ΩLgéöVnß°≠cßEΩLA :  ZQ¯ºgÆE

kéökãöRß≠ΩLgéöVnß°≠cßETEÚΩLE :  ZQ¯ºB∫j≠BΔ°

kéökãöRß≠ΩLgéöVnß°≠cßE‰A™éöR :  ZQ¯ºgÆE

kéökãöRß≠ΩLgéöVnß°≠cßEO°≠‰A™éöR :  ZQ¯T£A≠‰A™F

kéökãöRß≠ΩLgéöVnß°≠cßEΩZ≠b≠EÚÄöQz≠R:  ZQ¯ìÍöc≠ΩkÁR

• gA¬Q:Äöäög°Ad È éöV≠ºíöl:GÁE≠V~E≠k≠éökãöRß≠jzHz≠º‰F°VéöV≠VzT°≠≠Hz≠Äöäög°≠AdA÷®E≠

ºZg≠‰WR~≠Ab‚≠C°b°¿ 

qTzldQˆ :  Äöäög°Ad

- jzQz≠L„™bnßAkß°R : Hz≠Äöäög°AdA÷®E≠qkîölAb‚ñökß°R≠kß˙gY´d~F

- ΩLA : Hz≠Äöäög°AdA÷®E≠qkîölAb‚ñöb©≠Jz≠AÚ

4 . 3        Wº‰b°≠W‰éökÚ

ºíöl:GÁE≠çöC≠º‰F°V≠º‰W°≠ºVÕ≠A÷®EH°≠j≠çöZ≠‰W≠Ñö‹≠æS≈ L©F≠Hz≠ºVÕ≠A÷®E≠Y‘≠‡Xöc≠ ìöíöºd∫VV~ET°≠AΩVÁE≠≠

Hz≠º‰F°V≠ºT∫R¿ çöZd£E≠kÍ~R≠dWkÚ≠jz≠ñ≠öFcA≠≠bAº‰W°‰XökÚ≠A÷®E≠Äöd≠ìöE≠kEÚ≠ñöÅöd≠V~E≠k‹QEÚ≠ºYÎE›≠≠¿

ΩLA≠Hz≠ãöRß≠ΩLg≠ºCº‰W°≠º‰F°V≠Hz≠E≠ºCºVÕ≠A÷®E≠k‹QEÚ¿ Hz≠Ub‚≠äöºCº‰W°jz≠Hz≠ΩLA≠ΩS≠W ≠f≠Hz≠k‹ºíöl:≠

ΩLA¿ ºC≠º‰W°≠ºíöl:GÁEk‰éöWÚ≠jR”®≠Tz‹E≠ïöc≠QzΩLg≠ºUÍ°≠x„Aºé“ö¤≠V~EFdV“≠nC√~kV°≠GÁE≠ÄöRÚXöV≠èöE≠

Ezc¿ ºC≠º‰W°≠ΩLAΩSWºVÕ≠A÷®E≠éökß°VëöLêöTıdºl°c≠ºCº‰W°≠TEÚ≠ΩLEA÷®E≠ΩBÎ≠ÄöW≠nC√~kV°¿≠ºC≠º‰W°≠≠

ºíöl:GÁEV~E≠k≠éökãöRß≠dWkÚ≠jzHz≠≠Äöäög°AdöºL°b◊°WºE¡°Vºg◊ØV‰W≠R~Ab‚≠ºLzc≠≠Å‚öV≠Äöd≠Ω‰W≠‰W¨g≠≠

gA¬Q:≠C°b°dWkÚ≠jz≠ºT¿

5 .          çöZ‰k≠ºL∫E≠Å÷öæVd©W≠bV“≠C°b°

çöZ≠‰k≠ºL∫E≠Å÷öæV≠d©W≠bV“C°b°‰R™j≠XöV≠A‹QRÚäöb≠dc:‰A®bΩLg≠ãöRß≠ºVz‡N~R≠ºVÕ≠¿ãöRß≠V°b´c›≠

ºVÕ≠A÷®E≠‰A®böI éöV≠ºn≠m~F≠‰R®E≠ΩR≠b´c≠CRÚ≠ºVÕ≠‰≠kTz≠WÚº‰Äö¤WEÓkÚ L©FºV‡≠nß°≠cßEjz≠éöV≠WV‘®A≠ ¿

ñö‰kıcºlRß≠ºV‡ ≠jz≠mEÚ fT‹ºVzdFEkb⁄ıV’æV≠ãöRß≠V°b´c›ºVÕ≠A÷®E≠‰A®bΩRb´c C•L©FÅ÷ö¿

II( ) Fe2 +

III( ) Fe3 +

II( ) Cu2 +

CrO4
2–

Cr2O7
2–

MnO4
–

1+
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E≠ºCºVÕ≠A÷®E≠k‹E≠ºCºVÕ≠A÷®E≠k‹
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SWºVÕ≠A÷®ESWºVÕ≠A÷®
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ãöRß≠V°b´c≠›ºVÕ≠A÷®E‰A®b≠ΩRb´c éöVF‹V´V≠ºnm~F≠‰R®E≠‰kTz≠WÚ≠º‰Äö¤WEÓkÚL©FÅ÷ö L©FºV‡WV‘®A≠

ºg°≠nß°≠cßEdWkÚ≠jz fF‹V´Vºn≠m~F≠‰R®E≠Lz≠AÚ≠lß˙V≠ºVÕ≠ºZg≠WºE¡°R≠Hz≠kéök≠ãöRß≠C•L©FÅ÷ö¿ äöëöEBz≠E≠

º‰Äöb≠ºV‡WEÏzJ≠Z°≠j≠zmEÚ fT‹ºVzdFEkb⁄ıV’≠æV≠ãöRß≠A÷®E≠‰A®b≠ΩR≠b´cΩLg≠ºUÍ°≠x„d©WbV“≠C°b°≠dWkÚ≠kéök≠

ãöRß≠éöV≠Yg≠ºU∫W≠ñöR©bL©FÅ÷ö¿

äöëöEçöZ≠‰kºL∫E≠Å÷öæV≠d©W≠bV“≠C°b° 

(*ké√ögÚ : kéök≠ãöRßÅ‚öV≠k”~d≠çöZ)

‰A®b V~b~R“kKÀz nßA≠kß°R nß°‰L®Akß°R V°≠‰äöR kß˙gYzR ÄöW©QzR AÁd´

* * *

I
Na

K

Na2O

K2O

NaOH

KOH

NaNO3

KNO3

Na2SO4

K2SO4

Na2CO3

K2CO3

NaCl

KCl

II
Mg

Ca

MgO

CaO

Mg OH( )2

Ca OH( )2

Mg NO3( )2

Ca NO3( )2

MgSO4

CaSO4

MgCO3

CaCO3

MgCl2

CaCl2

III
B

Al

B2O3

Al2O3

B OH( )3

Al OH( )3

B NO3( )3

Al NO3( )3

B2 SO4( )3

Al2 SO4( )3

B2 CO3( )3

Al2 CO3( )3

BCl3

AlCl3

• ãöRß≠ºVÕ≠A÷®E≠‰A®böI ºÜ‚ö‡≠Sz “ºíöl:≠ñögÚ≠Äöïö‹E ”¿ jz≠Hz≠ºíöl:TVÚéöV≠F‹QßF≠díöc≠ 

V~E≠LEÚ≠kß°ºR≠Tz≠W¿ jz≠Hz≠ºíöl:kAb‚≠BÁz‹E≠ éöV‰WR~Ab‚èöEBÁz‹E≠ÄÁöHz≠b´cT£A d‹ºLz≠‡≠nß°≠‰L™≠

ΩkV¿ ºVÕ≠A÷®E≠‰A®bkAb‚≠çöZdWkÚ≠jzºA°V≠ºm°E≠Z°≠ºg°Fß‡≠º‰Äöb¿

• ºíöl:≠ñögÚ≠Äöïö‹E≠Hz≠ºdLßAd≠BÁz‹EñöR©bdWkÚ≠jz≠ºXö‡WEÚºn≠m~F≠‰R®E≠b´c≠ºL°b◊°≠ÄÁöc≠Hz≠ÄöFßE¿≠≠≠≠≠≠≠≠≠≠

≠≠≠qTz≠ldQˆ≠ È    

• ãöRß≠ºVÕ≠‰A®b≠ VIIºlÕ≠Sz≠ “ñöm™≠ΩkV ”¿≠ ñöm™≠ΩkVHz≠n≠ºíöl:≠kAb‚≠BÁz‹E≠ºl°c≠ºVÕ≠A÷®E≠‰A®b 

kAb‚≠çöZºV‡≠ScFß‡≠Z°ºg°Fß‡≠º‰Äöb¿ jz≠Hz≠n≠ºíöl:ΩLg≠éöV≠b©≠ºg≠CßgO°≠≠ñöR©b¿≠     

ñöm™≠ΩkV≠≠≠≠ΩLg≠BÁz‹‹E≠ñöFH‹V´kñöm™≠ΩkV≠ΩLg≠ºBîöc≠ºFJ≠Z°≠n‹W~g≠dWkÚ≠jz≠XöV¿

• ãöRß≠ºVÕ≠‰A®b≠T° VIIIºlÕ≠Sz≠ “qk‚ıVA‰b ”¿≠ jz≠Hz≠ãöRß≠nkAb‚BÁz‹E≠º‰K≠‡‰k≠Tz≠WÚ≠º‰Äö¤≠WEÓ≠kÚ 

dWkÚ≠≠jz≠éöV≠ºn≠m~F≠‰R®E≠≠≠≠≠≠ö8 (ΩGÓ≠R≠ºnm~F≠‰R®E)¿

• ºíöl:≠GÁE C•≠Hz≠‰A®b≠ãöRß≠ΩLg≠N~RºVÕÚ≠ΩY÷AAQ“z≠g≠æV≠äöëöEB´W éöV≠LEÚ≠kß°ºR V~EF‹QßF≠ 

d‹Zß‡≠B⁄kÚ¿≠ ºíöl:GÁE≠ V~E≠kéök≠ãöRß≠dWkÚ≠jz≠BÁ‡≠Hz≠≠Äöäög°AdLÛgÓ¿

Na Na + 1e+→
–

emeronseg≈b

È

ºVÕ≠‰A®b≠ VIIb≠ º

kAb‚≠çöZºV

M
C-E

M
PTCºíöl:≠ñögíöl:≠ñö

ºíöl:kAb

bkAb‚≠çöZdW

Äöïö‹E≠Hz≠ºdLßA

Ebo
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s **

okk
s
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CaSOaS 4

3)3 3

33))NOO33 33

BB22((SS
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E
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Ä W©
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NaNa22COCO33

KK22COCO3

SOO44 MgC
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1. F©d≠º‰W°≠äöëöE≠B´W≠æV≠ãöRß≠C°b°ºL°b◊°≠ºGÁ°cV£E≠k‹Q´dBz≠Eº‰Äöb :

A. x„≠ºÜ‚ö‡ V~E≠V~b~R“kKÀz≠ºíöl:≠Z°d≠A÷®E≠‰A®b≠öIII

B. x„ºÜ‚ö‡ V~E≠V~b~R“kKÀz≠nºíöl:≠Z°d≠A÷®E≠‰A®b≠öVI

C. x„ºÜ‚ö‡ V~E≠V~b~R“kKÀz≠qk‚ıV≠Z°d≠A÷®E≠‰A®b≠ñöm™≠ΩkV

D. x„ºÜ‚ö‡ V~E≠V~b~R“kKÀz≠ºíöl:≠Z°d≠A÷®E≠‰A®b≠ºí≠öl:≠ñögÚ≠Äöïö‹Eö

2. ºR°≠ãöRß≠Qz≠b´cΩLg≠N~R≠ºVÕ≠A÷®E≠‰A®b≠öI ?

A. éöºJk„™b

B. ΩLA

C. TEÚ≠ΩLE

D. W©≠äök„™b

3. ºW°≠Z~V~R„≠gA¬Q:æV≠ãöRßºVÕ≠A÷®E‰A®b VII Z°ºg°≠Fß‡≠º‰Äöb ? ºR°≠‰W≠ºèöC≠BzE≠º‰ÄöbºV‡Qz≠b´c≠

ΩLg≠≠‰R£b≠‰R™j ?

A. ZQ¯≠dWkÚãöRßÄöVÚ≠ΩR≠ÑökÚ≠ºTÕ≠› B. F‹QßFd‹Zß‡dWkÚ≠jz≠ScFß‡

C. çöZd©WdWkÚ≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠ãöRß≠Ω‰W‰W¨g≠Z°d£E≠ºTÕ≠qk‚ıV D. ãöRß≠C°≠b°ÄöVÚ≠ΩRkAb‚≠BÁz‹E

4. ºkQßEHz≠qk‚ıVA‰b¿≠ ºR°≠‰W≠ºèöC≠Qz≠b´cBzE≠º‰ÄöbΩLg≠‰R≠£b‰R™j :

A. b≠©ºgCßgdWkÚ≠≠≠≠≠ºk≠QßE≠éöVZ°dñöR©b B. ºkQß≠E‰T‰TEÚF‹ºl‡

C. ºkQßEHz≠qk‚ıVnkAb‚ D. ºkQßEb~V≠éöVºVÕ≠A÷®E≠B„gÚ

5. A÷®E≠F‹≠ºQz≠bd©WbV“≠Bz≠Eº‰Äöb≠dWkÚ≠k≠éökãöRß≠Xöd„™b ºR°≠d©WbV“≠Qz≠b´cΩLg≠Zß‹‰R£b≠‰R™j ?

A. B.  C. D. 

6.  ,  V~E  Hz≠ãöRß≠ö3 ≠ºVÕA÷®E≠≠B´W≠ΩR≠b´cæV≠≠äöëöE≠B´W¿

 Hz≠n≠ºíöl:   ,    Hz≠ºíöl: V~E  Hz≠≠≠≠≠≠≠≠≠º≠íöl:GÁE¿

ºR°≠g‹≠Lz≠WÚQz≠b´cBzE≠º‰ÄöbºV‡≠ΩLg≠‰R£b≠‰R™jäöb≠äöëöEB´W≠Z°ºGÍE≠ºTÕ≠ì“ö‹ ?

A. B. C. D. 

sMNYrniglMhat'

BaCl2 Ba OH( )2 BaNO3 BaSO4

X Y Z

X Y Z

X Y Z X Z Y Z Y X Y Z X

For
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d£E≠ºTÕ≠qk‚ıVE≠ºTÕ≠qk‚ıV
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QßE≠éöVZ°dñQßE≠éöVZ°dñ

kAbAb

Only
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I. F©dC©kkKÀ≠z  ✓A÷®E≠‰W≠nWÚBzE≠bßBFºbÁ°c≠‰R£b≠‰R™jéöV≠ΩR≠b´cCRÚ :

1.  A÷®E≠äöëöEB´WºCRº‰bªWãöRß≠C°≠b°≠ºTÕ≠äöb≠ :

A. F‹V´V≠‰kTz≠WÚ≠ºn≠m~F≠‰R®E B. g‹Lz≠WÚºA°V≠ºm°E≠æVF‹V´V‰W™≠RßE

C. ‰W≠ºaT‰A®b≠ãöRß≠C°b° D. kAb‚≠çöZC°b°dWkÚ≠ãöRß

2.  ºR°≠‰A®bQz≠b´cΩLg≠WEÏz≠J≠Z°F‹V´V≠‰W™≠RßE≠dWkÚ≠ºíöl:ñögÚ≠ÄöM≠ïö‹E

A. ≠≠≠≠≠≠≠≠≠≠≠ ,  ,                B. ≠≠≠≠≠≠≠≠≠≠≠ ,  ,  

C. ≠≠≠≠≠≠≠≠≠≠≠ ,  ,  D. ≠≠≠≠≠≠≠≠≠≠≠ ,  ,  

3.  A÷®E≠‰A®böVIIãöRß≠ N~RºVÕ≠º‰Äöb≠AÁd¿≠ ºR°≠‰WºèöCQz≠b´cΩLg≠‰R≠£b≠‰R™jF‹ºK≠‡≠ãöRß ?

A. ≠≠≠≠≠≠≠≠≠≠≠ ñöFH‹V´kAÁdZ°≠k©≠gßc≠k„®EAÁd´  

B. ≠≠≠≠≠≠≠≠≠≠≠ Hz≠qk‚ıVºVÕ≠gA¬BQœWV‘WÚ  

C. b©≠ºgCßgdWkÚ ≠≠≠≠≠≠≠≠≠≠≠ éöV 2ñöR©b    

D. ≠≠≠≠≠≠≠≠≠≠≠ éöV≠‰WR~Ab‚Hz≠b´c≠AÁdWºE¡°R≠XöV≠k≠éökãöRßnß°≠cßE 

4.  ºVÕ≠A÷®En‹Z©gb©gºCW‹ºZJ≠qk‚ıV :

A. B„gÚ B. nßA≠kß°ΩkV C. AÁd D. ñöAßE

5.  A÷®E≠F‹ºQzbãöRßBz≠E≠º‰Äöb ºR°≠ãöRß≠Qz≠b´c≠ΩLg≠N~RºVÕ≠A÷®E≠‰A®b≠ºíöl:GÁE ?

A. B. ≠        C. D. 

II. F©dW‹ºZJ≠g◊‡Bz≠Eº‰Äöb≠x„≠éöVVıc‰R£b≠‰R™j

1.  ºVÕ≠A÷®E≠äöëöEB´W≠ãöRß≠C°≠b°≠‰R™j≠XöV  . . . . . . äöb≠g‹Lz≠WÚºA°Vºm°E≠æV . . . . . .¿

2.  ºVÕ≠A÷®E≠‰A®bZ°≠ºg°≠Fß‡≠º‰ÄöbkAb‚≠çöZ≠C°b°≠dWkÚ≠ºíöl: . . . .  . uk≠Ab‚≠çöZ≠C°b°≠dWk≠Únºíö≠l≠:≠ 

. . . . . . . .. . . ¿

3.  W©≠äök„™bHz≠ºíöl: . . . . . .≠≠ V°≠ΩAgHz≠ . . . . . . F‹ΩQAºkQßEC•≠Hz . . . . . .¿

III. F©dkdºkd≠KA„ “≠Bßk ” f≠ “≠‰R™j ” A÷®E≠‰W≠nWÚ≠ºVÕ≠bßB≠n‹≠Q‡≠n‹≠Qz≠EBz≠Eº‰Äöb :

A. A÷®E≠äöëöEB´W≠ºíöl:N~RºVÕ≠ΩY÷ABz≠Eì“ö‹ ºl°c≠n≠ºíöl:≠N~R≠ºVÕ≠ΩY÷ABz≠EºGÍE¿

B. ºVÕ≠A÷®E≠‰A®böVII aÁ®cnd≠Hz≠n≠ºíöl:kAb‚≠Hz≠EºC¿

sMNYrniglMhat'CMBUk 2
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Äöd≠FEkb⁄ıV’dWkÚ≠ñöR©bTz‹E≠ïöc WºE¡°R≠XöVd©W≠ãöRßHz≠º‰F°V≠‰W≠ºaT¿ Äöd≠FEkb⁄ıV’≠dWkÚ≠

ñöR©bb´c≠F‹V´VHz≠b´c≠ñöR©bºYÎE≠ºT∫R WQ“z≠gx„éöV≠‰W≠R~Ab‚èöEdlık V~E≠ΩSbTz‹E≠ñöF≠éöV≠

WV‘®‡≠ºT∫R≠YE¿ ãöRß≠C°≠b°Tz‹EºV‡≠Hz≠ãöRß≠C°b°≠kAb‚¿ éöVqk‚ıVΩR≠b´c≠F‹V´V≠R©F≠ºT (qk‚ıVV~Fg)

ΩLg≠ñöR©b≠dWkÚ≠jz≠k”~R≠ºVÕ≠ΩR≠uEºLz≠c≠b~V≠‰R™j≠Äöd≠FEkb⁄ıV’¿

1 .          Äöd≠FE≠kb⁄ıV’C°b°

ºc°E≠XöV≠k~AîöZ°T‰bEÚñöR©bΩLg≠WEÏz≠J≠Z°≠Äöd≠Rº‰bªW≠‰W™≠RßEQ•‰R®EV~E≠ºn≠m~F≠‰R®E≠A÷®E≠

ñöR©b¿≠F‹QßF≠k‹≠Bz≠VÚA÷®E≠Äöd≠FEkb⁄ıV’C•ÄödRº‰bªWdWkÚ≠ºn≠m~F‰R®E Hz≠Z~ºkkºnm~F≠‰R®E≠jzmEÚ¿≠≠≠

Äöd≠FEkb⁄ıV’ C•≠Hz≠dºW∫W≠b´c≠ΩLg≠ñöR©bTz‹E≠ïöc≠F©g≠Y“®‹Hz≠b´c≠Å÷ö¿

Tz≠AÚ≠TE≠V£E≠Äöd≠FEkb⁄ıV’ ºc°E≠C´d≠FEÑö‹V©j≠F‹≠QßFk‹≠Bz≠VÚ≠L©F≠BzE≠º‰ÄöbºV‡≠ :

1.  éöV≠ΩR≠ºn≠m~F≠‰R®E≠ºVÕ≠‰kTz≠WÚ≠º‰Äö¤≠Wß≠ºQ—z‡ (ºn≠m~F≠‰R®E≠jz≠mEÚ) ΩLg≠F©gd´bºVÕ≠A÷®E≠Äöd≠

FEkb⁄ıV’¿

2.  ‰CWÚ≠ñöR©b≠Tz‹EnkÚéöV≠T‹≠ºVzd≠ºTÕ≠dA≠T‰bEÚ≠ºn≠m~F≠‰R®E≠L©F≠qk‚ıVV~Fg ΩLg≠ºUÍ°≠x„jz≠éöV≠

k”~dçöZW‹≠YßR¿

3.  F‹V´V≠ºn≠m~F≠‰R®EΩGÓ≠R≠ºVÕ≠‰kTz≠WÚ≠T°b´c≠C• 2 ‰kTz≠WÚ≠T°≠Z°d≠C• 8 ‰kTz≠WÚ≠T°≠W°C• 18¿≠ WßΩV“≠ºTz‡≠≠

W°≠Hz≠èöEQzAÛ≠ºLz≠c≠ éöV≠ãöRß≠Hz≠º‰F°V≠ΩLg≠≠≠≠≠≠≠≠≠≠≠≠ºn≠m~F≠‰R®E≠ÑöWÚ≠ºY“°b≠W‹≠ºZJ≠‰kTz≠WÚ≠T°≠W´VºVÕ≠

ºZg≠ΩLg‰kTz≠WÚ≠T°≠W°≠éöV≠ΩR≠ 8ºn≠m~F≠‰R®E¿

4.  ñöR©bTz‹EïöcéöV≠T‹≠ºVzd≠ ºUÍ°≠x„≠‰kTz≠WÚ≠jz≠mEÚTºTöf‰kTz≠WÚ≠jzmEÚ≠ºZJ≠ºLz≠c≠ºn≠m~~F≠

‰R®E ≠≠8 (b́c≠≠nLŒäö f≠ 4ºTÍäöºn≠m~F≠‰R®E≠)¿ ºV‡≠ºlÕ≠Sz≠  “ FåöWÚ≠nLŒäö  ”¿

1
emeronTI

smı&nÏKImI

  

  ❒  ZV„gÚ≠n‹Z°A‹Qkb⁄ıV’A©j≠zmEÚºLz≠c≠Äöd≠Lz≠AÚ≠lß˙VC©≠ºn≠m~F≠‰R®E¿

  ❒  ZV„gÚ≠Z°A‹Qnß°≠cßEºLz≠c≠Äöd≠XöRÚ≠WEÚfÄödTT´g≠cA≠ºn≠m~F≠‰R®E¿

  ❒  ΩJAké√ögÚdjz≠Eìöd≠ãöRß≠nß°cßEV~E≠ìödãöRß≠A©j≠zmEÚ¿

FWÚºbºd∫VºV‡≠ k~kÎñöF

For
 F≠‰R®E≠º‰ ®

V’¿

ñöR©b≠Tz‹EnkñöR©b≠Tz‹En

ZW‹≠YRW‹≠YR

M
PTC-E

bo
ok

s V≠‰W≠

b‚èöEdlıb‚èöEdlıkk

qk‚ıVΩR≠b´c≠VΩR≠b´c≠k

kb⁄ıV’¿kb⁄ıV’¿
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bV’C•ÄödRº‰bªV’C•ÄödRº‰bª
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FåöWÚ≠nLŒ≠äö : “‰CWÚ≠ñöR©bTz‹E≠nkÚ≠j~jR“≠äöb≠VıcC°b°ºL°b◊°≠x„‰kTz≠WÚ≠º‰Äö¤≠WEÓ≠kÚ≠dWkÚ≠jz≠ΩGÓR

C•≠b´c≠≠nLŒ≠äöºn≠m~F≠‰R®Eööööö(ºg°A≠ΩgE≠ΩR≠nß°≠‰L™≠ΩkVΩLg≠‰kTz≠WÚ≠º‰Äö¤≠ΩGÓRéöV≠öö2ºnm~F≠‰R®E≠L©F≠

ºng„™b ) ”¿

ºc°E≠V£E≠k~AîöZ°≠ÄödFEkb⁄ıV’WºE¡°≠R≠Hz≠ kb⁄ıV’≠A©jz≠mEÚ kb⁄ıV’≠nß°cßE V~Ekb⁄ıV’≠ºíöl: (ºbºd∫V≠

T°ö2)¿ F‹ºK≠‡ kb⁄ıV’nß°≠‰L™≠ΩkV Hz≠‰W≠ºaT≠Z~≠ºkkb´c≠ΩLg≠ºA°R≠ºm°EZ°AéÁö‹E≠æV≠nV“dAb‚≠djz≠E≠b©≠ºgCßg

V~Eb©≠ºg≠CßgΩLg≠A÷®E≠ºVz‡ñöR©bn≠ß°‰L™≠ΩkVºL°≠d≠R´≠Hz≠ì⁄öVºVÕ≠FºVÁz≠‡≠ñöR©bZ°d≠L©F≠Hz≠  ,  f ¿ 

qTzldQˆ≠ :  T£A   k©gßc≠k„®Eñöb©≠JzAÚ  ¿

2 .          b©≠ºgCßgV~Ekb⁄ıV’A©≠j≠zmEÚ

Äöd≠ºA°R≠XöV≠Hz≠b©≠ºgCßg C•Tz≠AÚTEV£E≠Äöd≠Lz≠AÚ≠lß˙Vºn≠m~F≠‰R®E≠djz≠EñöR©b V~EñöR©bºLz≠c≠

b~V≠éöVÄöd≠ºY‘d≠ºn≠m~F‰R®EZ°ñöR©b≠b´c≠ºTÕ≠ñöR©b≠b´cºYÎE≠ºT∫R≠ºm°c¿ gT’≠Yg≠æV≠Äöd≠Lz≠AÚ≠lß˙V

ºnm~F≠‰R®E≠ºV‡ C•≠ÄödºA°R≠ºm°E≠Hz≠çöC≠gÓ~RΩLg≠b~V≠éöV≠WV‘®A≠ºm°c jz‰ÅöVÚ≠ΩR≠Hz≠çöC≠gÓ~RæV≠≠‰A®b≠

ñöR©b≠WßºQ—z‡ºlÕSz b©≠ºgCßg¿

ºL°b◊°≠ZV„≠gÚZ°‰W≠ºaTkb⁄ıV’≠ºV‡öºc°Ek~AîöZ°b©≠ºgCßgEzc≠b´c≠C•qk‚ıVAÁd¿ ñöR©bV°b´c≠›≠

éöV≠ºn≠m~F≠‰R®EºVÕ≠‰kTz≠WÚ≠º‰Äö¤≠WEÓkÚF‹V´Vö7¿ dXöc≠ºn≠m~F‰R®E≠äöb≠‰kTz≠WÚ≠C• 2 , 8, 7 éöVVıc≠Sz≠

jz≠BÍ≠‡≠ºnm~F≠‰R®E 1öºT∫R≠ºVÕ≠‰kTz≠WÚ≠T°ö3 ºL°b◊°≠éöV≠k”~d≠çöZäöb≠FåöWÚ≠ nLŒ≠äö¿≠ ñöR©b≠AÁd 1V£E≠éöV≠k”~d≠

çöZºLz≠c≠Äöd≠≠Lz≠AÚ≠lß˙V ºnm~F≠‰R®Eö1 Hzb´c≠ñöR©b≠AÁdb´c≠ºYÎE≠ºT∫R¿≠ Hz≠gT’≠Yg≠ jz≠éöV≠ö2

ºnm~F‰R®E≠≠≠ ( 1ºTÍ≠äöºn≠m~~F‰R®E≠) ΩLg≠Lz≠AÚ≠lß˙V≠Hzb´c≠Å÷ö¿≠ b´cºTÍäöºn≠m~F≠‰R®E≠ΩLg≠Lz≠AÚ≠lß˙V≠

ºV‡≠WºE¡°R≠XöVHz≠ kb⁄ıV’A©≠j≠zmEÚ≠ºTzg¿

om™j≠ºc°E≠k~Aîön‹Z°b©≠ºgCßgqk‚ıVnßA≠kß°≠ΩkV¿ ñöR©bnßA≠kß°≠ΩkVV°b´c≠›≠éöV≠ºn≠m~F≠‰R®E≠

ºVÕ≠‰kTz≠WÚ≠º‰Äö¤≠WEÓkÚ≠F‹V´Vö6¿ d≠Xöc≠ºn≠m~F≠‰R®E≠äöb≠‰kTz≠WÚ≠C• 2 , 6 éöVVıcSz≠jz≠BÍ‡≠ºnm~F≠‰R®E≠ö2

He

O N F

H2O( ) NH3 …

d©WT°ö1 kb⁄ıV’nß°≠‰L™≠ΩkVΩLg≠ºA°R≠éöV≠ºVÕA÷®E≠≠≠T£A H2O( ) V~Ek©gßck„®Eñöb©JzAÚÚ NH3( )

H

H H

H

H

H H H
H

H

H H N
H

H
HO

N NO
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d©WT°ö2  : kb⁄ıV’A©j≠zmEÚºTzg

kb⁄ıV’A©j≠zmEÚºTzg1 ºTÍäöºn≠m~F‰R®E

2e–
Cl Cl–

ClCl Cl Cl Cl Cl

For
 1öºT

Ä d≠≠Lz≠AÚ≠lß˙V Lz≠AÚ≠lß˙V 
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ºT∫R≠ºVÕ≠‰kTz≠WÚ≠T°ö2 ºL°b◊°≠éöVk”~dçöZäöbFåöWÚ≠nLŒ≠äö¿≠ ñöR©bnßA≠kß°ΩkVö1 V£E≠éöV≠k”~dçöZºLz≠c≠

Lz≠AÚ≠lß˙Vö2 ºnm~F≠‰R®EHz≠b´c≠ñöR©b≠nßA≠kß°≠ΩkVb´c≠ºYÎE≠ºT∫R¿ Hz≠gT’≠Yg≠jzéöV≠ö4 ºnm~F‰R®E≠

( 2ºTÍ≠äö≠ºn≠m~F≠‰R®E ) ΩLg≠≠XöV≠Lz≠AÚlß˙VHz≠b´c≠Å÷ö¿≠ 2ºTÍäöºn≠m~F≠‰R®E≠ΩLgLz≠AÚ≠lß˙V≠ºV‡≠WºE¡°R≠

XöV≠Hz≠ kb⁄ıV’≠A©≠j≠z≠mEÚ≠Z°dHz≠VÚ¿

äöëöET°ö1 : T‰bEÚºn≠m~F≠‰R®E≠æV≠b©≠ºgCßgA©jzmEÚEzc≠›≠b´c≠F‹V´V

b©≠ºgCßg öÄöd≠FEkb⁄ıV’≠A©≠j≠zmEÚ

 nß°≠‰L™≠ΩkV 

ºb≠äöV 

 T£A 

ñöb©JzAÚ 

ÄöW©VO°≠nßAkß°R 

d©WT°ö3  : kb⁄ıV’A©j≠zmEÚZ°dHzVÚ

kb⁄ıV’A©j≠zmEÚZ°d≠HzVÚ
O O=

4e–

2 ºTÍäöºn≠m~F‰R®E

OO O O O O

H2 g( ) H HH• + H H H
•→

CH4 g( )
H H4H• + C → C

H

H

C
•

• •
•

H

H

H

H

H2O g( )
2H• + O → O

H

H

O
•

•

H

H

NH3 g( ) H H3H• + N → N

H

N• •
•

H H

H

CO2 g( ) O  = OC • + O → C  =C• •
•

O O•
•

•
2 •

b©≠ºgCßg≠nß°‰L™≠ΩkV H2 )( b©≠ºgCßgñöb©≠JzAÚ N( H3 )b©≠ºgCßgnßA≠kß°ΩkV O2 )(

d©WT°öö4 : C‹d©b©≠ºgCßgìöd≠ã≠öRß≠A©j≠zmEÚ
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3 .          nß°≠cß≠EV~E≠kb⁄ıV’≠nß°cßE

kb⁄ıV’≠nß°cßEööC•≠Hz≠Äöd≠FEkb⁄ıV’V£E≠Å÷öæV≠ñöR©bΩLg≠ºA°R≠ºm°E≠ºLz≠c≠ÄödºY‘d≠ºn≠m~F≠‰R®E¿≠

Äöd≠ºY‘dºn≠m~F≠‰R®EºV‡≠ TzAÚ≠TE≠V£E≠Äöd≠XöRÚ≠WEÚºn≠m~F≠‰R®EfÄödTT´g≠ºnm~F≠‰R®E ºl°c≠Hz≠gT’≠Yg≠

C•≠jz≠WºE¡°R≠XöV≠Hz nß°≠cßE¿ nß°≠cß≠ETz‹E≠ºV‡≠ Hz≠çöC≠gÓ~RΩLg≠éöV≠WV‘®A≠nC√~kV° ºl°c‰W≠Tz≠J≠Å÷öF©g≠

ºLzcìöd≠AéÁö‹E≠T‹≠Vz≠J≠ºnm~F≠‰R™≠ì“öT~F¿

ºL°b◊°≠ZV„gÚ≠Z°‰WºaTkb⁄ıV’’ºV‡≠ ºc°E≠ºg°AcAk©L„™b≠AÁd´≠bA≠k~Aîö¿ jz≠Hz≠ìöd≠ãöRß≠ìöb≠KÀ≠

W‹YßR≠ΩLg≠≠≠≠ºC≠ì√ögÚ≠Sz≠Hz≠n‹≠W~gkbÁ¿ön‹≠W~g≠ºV‡≠éöV≠ìöd≠:k‹≠Bz≠VÚQzkÚ≠k‰éöWÚ≠H°j~RV~E≠b~V≠éöV≠º‰Åö‡≠≠

S÷zAÚ≠nÍ°ºm°c jz≠WE¡ºm°EZ°≠ãöRß≠C°b°≠Z°d≠‰W≠ºaTC•k©L„™bΩLg≠EzcºG‡≠A÷®E≠B„gÚV~EAÁ≠dΩLg≠Hz≠≠≠≠ãöRß≠Zßg≠≠

BÁz‹E¿ºR°≠ãöRß≠Tz‹E≠Z°d≠ºV‡≠éöV≠‰WºèöHVˆ≠L©F≠ºb“F≠ºZgjz≠YÎ‹≠Å÷öWºE¡°R≠XöV≠≠Hz≠n‹W~gkbÁ≠ ¿

ñöR©b≠k©≠L„™≠b≠éöV≠‰WR~≠Ab‚≠BÁz‹E ñö‰kıc≠ºLz≠c≠Äöd≠

Rº‰bªWºn≠m~F≠‰R®E≠dWkÚ≠jz≠ 2 , 8, 1¿≠ jz≠éöV≠ºn≠m~F≠‰R®E≠

jzmEÚ≠b´c≠ºVÕ≠‰kTz≠WÚ≠T°ö3ΩLg≠éö≠VT‹ºVzdV£E≠ºXö‡WEÚ¿

ºn≠m~F≠‰R®E≠≠≠jz≠mEÚ≠ºV‡ éöV≠AéÁö‹E≠T‹≠Vz≠JºBîöc≠Z°º‰K≠‡jz≠

ºVÕ≠Ö≈öcZ°≠æQÍ≠c©ΩLg≠éöV≠WV‘®A≠j~H»≠éöV¿ ºVÕ≠ºZgñöR©b≠

k©L„™bXöRÚ≠WEÚ≠ºn≠m~F≠‰R®Eö1ºVÕ≠‰kTzWÚ≠T°≠ 3 jz≠V£E≠éöVk”~d≠çöZ éöVVıcSz≠‰kTz≠WÚ≠º‰Äö¤≠WEÓkÚdWkÚ≠

jz≠≠ΩGÓRäöbFåöWÚ≠nLŒäö¿ WV‘z≠WÚ≠bA≠ñöR©bk©L„™b≠ºV‡≠XöV≠ÄÁöc≠Hz≠nß°cß≠E≠j~H»≠éöV Z°º‰K≠‡≠jz≠XöRÚ≠WEÚ≠ºn≠

m~F≠‰R®E≠nj~H»≠éöVö1≠ (çöC≠gÓ~R≠ºV‡≠éöV≠ö11ö‰W™≠RßE Wß≠ΩV“≠jz≠éö≠V≠ºn≠m~F≠‰R®EΩR≠ö≠10 WßºQ—z‡)¿

ñöR©b≠AÁd≠ñöFH´cñöR©b≠k©L„™bA÷®E≠Äöd≠XöRÚ≠WEÚö≠1

ºnm~F≠‰R®EºV‡¿ dXöc≠ºn≠m~F≠‰R®E≠dWkÚ≠ñöR©bAÁd≠C• 2, 8,

7 éöVVıc≠Sz≠jz≠‰R™j≠Äödö1ºnm~F≠‰R®E≠ºL°≠b◊°≠W‹ºZJ‰k≠Tz≠WÚ≠

T°ö3x„ΩGÓR (éöVk”~d≠çöZ) äöb≠FåöWÚ≠nLŒ≠äö¿ æQÍ≠c©dWkÚ≠

ñöR©bAÁdTz≠≠≠≠J≠cA≠ºn≠m~F≠‰R®E≠b´c≠Z°≠ñöR©bk©L„™b WV‘z≠WÚ≠

bA≠ñöR©b≠AÁdÄÁöc≠Hz≠nß°cßE≠AÁdΩLg≠éöV≠WV‘®A≠nj~H»éöV (nß°cßEjzéöVö17 ‰W™RßE Wß≠ΩV“éöV≠ö18 ºn≠m~F≠

‰R®E≠)¿

NaCl( )

WV‘®A≠ºVÕ≠ºg°≠≠≠n≠ß°≠cß≠E≠k©L„™b

WV‘®AºVÕ≠ºg°ö11‰W™≠RßE       = +11

WV‘®A≠ºVÕ≠ºg° 10 ºn≠m~F≠‰R®E ö=  - 10

WV‘®AkdßW  = +1

Na Na+ 1e–+
2 8 1, , 2 8,

WV‘®A≠ºVÕ≠ºg°≠≠≠n≠ß°≠cß≠E≠AÁd

WV‘®AºVÕ≠ºg°ö17‰W™≠RßE       = +17

WV‘®A≠ºVÕ≠ºg° 18 ºn≠m~F≠‰R®E ö=  - 18

WV‘®AkdßW  = -1

Cl + 1e– Cl–

2 8 7, , 2 8 8, ,

For

´

V‡¿ dXöc¿ dX

ıc≠Sz≠jz≠‰R™j≠ıc≠Sz≠jz≠‰R™

(éö(éö

M
PTC-E
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s‰R®E≠

WEÚ¿¿

c≠Z°º‰K≠‡jz≠c≠Z°º‰K≠‡jz≠

ºVÕºVÕ≠ºZgñ≠ºZgñ

zWÚ≠T°≠ zWÚ≠T°≠ 33 jz jzV£V£

WÚ≠bA≠ñöR©bk©WÚ≠bA≠ñöR©bk©

gÓ~R≠ºV‡≠éöV≠ögÓ~R≠ºV‡≠éöV≠ö

H´cñöR©bH´cñöR©b

WV‘®AWV‘®

WV‘®AºWV‘®Aº

WWoo
ks

NaNa+ ++
2 82 8,,
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ºc°E≠ñöFWEÏz≠J≠Z°≠Äöd≠ºY‘dºn≠m~F≠‰R®E≠ºV‡≠ºLz≠c≠Lêö‰Äöb  “  F‹QßFb©g ΩBÍE  ” WK»z≠AÚ≠Z°≠

ºnm~F≠‰R®E≠A÷®E≠ñöR©bºYÎE≠Å÷ö¿

kb⁄ıV’nß°≠cß≠E≠ñöFºA°≠R≠éöV≠F‹ºK≠‡k≠éök≠ãöRßLß≠©F≠A÷®E≠äöëöE≠Bz≠Eº‰Äöb È

äöëöET°ö2 : Lêö‰ÄöbWEÏzJZ°Äöd≠WºE¡°R≠k≠éök≠ãöRßnß°cß≠E

kb⁄ıV’≠nß°cßE Ezc≠ºA°R≠ºm°E≠Z°≠WVÎ‹djz≠Eºíöl:‰A®b I V~E‰A®b II Hzb´c≠nºíöl:A÷®E≠‰A®b VI

V~E ‰A®b VII æV≠äöëöEB´W¿ ‰A®b≠ãöRß≠ºVÕ≠AQ“z≠gäöëöEB´W (öéöV≠ºnm~F≠‰R®E≠ºVÕ≠‰kTz≠WÚ≠º‰Äö¤≠W‹≠

YßRº‰F°Vö)≠b~V≠≠ñöF≠WºE¡°RHz≠nß°≠cß≠EXöV Z°º‰K≠‡jz≠TzAÚ≠TE≠V£E≠Sz≠bZg≠º‰F°V≠A÷®EÄöd≠ºXö‡≠WEÚ≠fTT´g≠

cA≠W°fW´V≠ºn≠m~F≠‰R®E¿ F‹ºK≠‡≠nß°cß≠Eñögßc≠b°≠J™≠b  Hz≠AdQ°ºg°A≠ΩgE jz≠éöVgA¬Q:≠

Hz≠kb⁄ıV’≠n°ß≠cßE≠YE≠V~E≠Hz≠kb⁄ıV’A©j≠zmEÚYE≠¿ ãöRß≠ΩLg≠ñöFWºE¡°R≠Hz≠kb⁄ıV’nß°cß≠EA÷®E≠F‹ºQzb≠ãöRß

20L‹≠W©E≠ V£E≠WEÏzJ≠A÷®Ed©WT°ö6¿

k≠éökãöRß Äöd≠WºE¡°RHz≠nß°cßE

 W©äök„™baÁ®cnd́ 

 g°F©bAÁd´ 

 éöºJ≠k„™b≠nßA≠kß°R 

ÄögÚk„™bAÁ≠d´ 

W©äök„™bnßAkß°R 

Na Cl Na+ Cl–

ñöR©bk©L„™b ñöR©b≠AÁd nß°cß≠Ek©L„™b nß°≠cß≠E≠AÁd

d©WT°ö5 : Lêö‰ÄöbWEÏz≠≠≠J≠Z°≠Äöd≠ºY‘d≠ºn≠m~F≠‰R®E≠djz≠E≠ñöR©bk©≠L„™bV~EAÁd

ºnm~F≠‰R®Ek©L„™b

ºn≠m~F≠‰R®E≠AÁd

+ +

KF( )
KK F F -

+ ++

LiCl( )
LiLi + ++Cl Cl–

MgO( )
Mg -+ +Mg2+ O2O

CaCl2( )
Ca + +Ca2+

Cl

Cl

Cl–

Cl–

K2O( )

K

+ +

K+K
-

O2O

K+

Al3 +( )

For
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4 .          ≠k≠éök≠ãöRß≠nß°cßEV~EkéökãöRßA©j≠zmEÚ

4 . 1       kéök≠ãöRß≠n°ß≠cßE≠

Äöd≠FE≠Hz≠kb⁄ıV’nß°cßEºA°R≠ºm°E≠ΩR≠djz≠Eºíöl:V~Enºíöl:Wß≠ºQ—z‡¿ 

äöëöET°ö3 : qTzldQ̂k≠éökãöRß≠nß°≠cß≠Eb´c≠F‹V´V

k≠éökãöRß≠nß°cßE≠
ãöRß≠C°b°

d©WbV“≠C°b°
  ºíöl:            n≠ºíöl:

 k©L„™bAÁd´ (n‹W~gkbÁ)  k©L„™b               AÁd

 ÄögÚk„™bnßAkß°≠R (A‹ºXöddkÚ)  ÄögÚk„™b            nßAkß°≠ΩkV

ÄögÚk„™bÄöW©Qz≠R (L°k)  ÄögÚk„™b            ÄöW©V V~EnßAkß°≠ΩkV  

W©≠äök„™bV°≠‰äöR  W©≠äök„™b             ñök©R V~EnßAkß°≠ΩkV

k©L„™bÄöW©≠Qz≠R≠(k©LzíöE)  k©L„™b               ÄöW©V V~EnßAkß°≠ΩkV

k©L„™bÄöW©Qz≠Rñökß°R≠(ºbîö¤LßRV‹)  k©L„™b     nß°≠‰L™ΩkV ÄöW©V V~EnßAkß°≠ΩkV

ºWd°g„™b nßAkß°R aÁ®c≠nd´

Å‚öV

Å‚öV

Å‚öV

kß˙gY´ AÁd´ñögßcb°J™béöºJk„™bk©L„™b

W©≠äök„™b ÄögÚ≠k„™b

g°F©b

n°ß‰L™≠ΩkV

ºíöl:GÁE

‰A®böI
2 3 4 5 6 7

Li + Be2 + O2 – F–

S2 –
Cl

–

K+

Na+

Ca2 +

Mg2 + Al3 +

0

d©WT°ööö6 : nß°cßEæV≠ãöRßb´cF‹V´VA÷®E≠F‹≠ºQz≠b≠ãöRß≠ 20 L‹W©E

H
+

NaCl

CaO

CaCO3

KNO3

Na2CO3

NaHCO3

FobV°≠bV°≠‰äöR‰äöRForÄöW©Qz≠R (L°Qz≠R (

FoF
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(A‹ºXöddkÚ(A‹ºXöddkM
PTTPTC-E
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4 . 2       kéök≠ãöRß≠A©≠jz≠mEÚ≠

kb⁄ıV’A©jz≠mEÚºA°R≠ºm°EΩR≠djzEñöR©bn≠ºíöl:V~E≠n≠ºíöl:Wß≠ºQ—z‡¿ ñöR©b≠≠Tz‹E≠ºV‡≠ñöF

Hz≠ñöR©b‰W≠ºaT≠L©F≠Å÷öfHz≠ñöR©b‰W≠ºaTBßkÅ÷ö ¿

äöëöET°ö4 : qTzldQˆ≠k≠éök≠ãöRßA©jz≠mEÚb´c≠F‹V´V

k≠éökãöRßA©≠j≠zmEÚ n≠ºí≠öl: d©WbV“≠C°b° ºD°J≠≠éöV≠ºVÕ≠

nßAkß°≠ΩkV n≠ßAkß°≠ΩkVkßT’ A÷®E≠B„gÚ

ñök©R ñök©RkßT’ A÷®E≠B„gÚ

ºb≠äöV ÄöW©V V~E≠nß°≠‰L™≠ΩkV A÷®E≠qk‚ıVUb‚HzR~

Wß˙c≠äöV ÄöW©V V~E≠nß°≠‰L™≠ΩkV ΩLAºA‡≠l√z≠k

nßA≠äöV ÄöW©V V~E≠nß°≠‰L™≠ΩkV º‰W≠Eìö‹E

ì⁄öVÚ≠UıdO°≠nßAkß°R ì⁄öVÚ≠Uıd V~E≠nßAkß°≠ΩkV A÷®E≠B„gÚAEÍAÚ

ÄöW©VO°≠nßA≠kß°R ÄöW©V V~E≠nßAkß°≠ΩkV W‹≠ZEÚZVÁRÚ≠nC√°aıc

ºn≠äöQßg ≠ÄöW©V nß°≠‰L™≠ΩkV≠ V~EnßAkß°ΩkV ‰ìöºW∫d ‰ìö

ñökß°R≠ºn≠äöQ©n~ßF ÄöW©V nß°‰L™≠ΩkV V~E≠nßA≠kß°≠ΩkV T£A≠ºB‚‡

CÁ®c≠A©k ÄöW©V nß°≠‰L™ΩkV V~E≠nßAkß°≠ΩkV º‰CØEºTkk‰éöWÚºUÍ°≠bÏ™W

d©WT°ö≠7 : kéökãöRßnß°cßE

n‹W~gkbÁ

ìödãöRßH‰b‡

L°k

kéökãöRßn°ßcßE

W©äök„™bV°≠‰äöR

ºbîö¤LßRV‹

NaCl( )

CaO( )A‹ºXöddkÚ

CaCO3( )

Na2CO3( )

KNO3( )

NaHCO3( )

O2

N2

CH4

C4H10

C8H18

SO2

CO2

C2H5OH

CH3COOH

C6H12O6

FFFokß°k°R ìR ⁄öVìFoForÄöW©V V~EÄöW©V V~

FoFoF
M

P

V V~E≠nß°≠‰L™≠ΩkV V~E≠nß°≠‰L™≠ΩM
PTE≠nß°≠‰L™≠ΩkVE≠nß°≠‰L™≠ΩkVPTC-E
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5 .          gA¬Q:≠dWkÚ≠kéökãöRßn≠ß°cßEV~EkéökãöRßA©jzmEÚ

Äöd≠º‰WªW≠ºU∫W≠djz≠EkéökãöRß≠nß°cßEV~E≠kéökãöRß≠A©jz≠mEÚ C•≠éöV≠gA¬Q:Hz≠º‰F°V≠L©F≠Hz

F‹QßF≠d‹≠Zß‡ F‹≠QßF≠d≠íöc A‰b~Rdíöc≠A÷®E≠T£A V~E≠ÄödFbÁEFdV“≠nC√~≠kV°L©F≠ΩLgXöV≠WEÏz≠JA÷®E≠

äöëöET°ö5 ≠T‹Zıd≠T°(60)¿

5 . 1       Äödº‰WªW≠ºU∫W≠gA¬Q:d©W

kéökãöRßnß°cß≠E Hz≠nE√ãöRßd£EΩLg≠éöV≠k°≠Rß≠QÏ≠çöZ≠díöcV~E≠d‹Zß‡≠B⁄kÚ¿ ºV‡C•≠ºLz≠c≠

kéök≠ãöRß≠nß°≠cßEéöV≠AéÁ‹öET‹Vz≠Jºn≠m~F≠‰R™≠ì“öT~FBÁz≠‹Edjz≠E≠nß°cßE≠ΩLg≠éöV≠WV‘®A≠Y‘®≠c≠Å÷ö¿ AéÁö‹E≠

ºV‡≠ºUÍ°≠x„≠T‰bE≠≠Ú≠éöV≠k”~dçöZºlÕ≠Sz≠ WQ“z≠J‰Äöb ΩLg≠Z~XöA≠díöc¿ ºVÕ≠≠A÷®E≠WQ“z≠J≠‰Äöb≠ºV‡ö

nß°≠cßEΩR≠E≠k”~R≠ºVÕ≠Y“®‹Å÷öHz≠‰W≠ZıV’≠ºT∫E≠Tz≠RÚb´c≠ºL°b◊°≠WºE¡°R≠Hz≠‰TEÚ≠‰Tz≠cTz‹E≠b©g≠dWkÚ≠‰Ä≠öb¿ F‹ºK≠‡≠

WQ“z≠J≠‰Äöb≠≠k©≠L„™b≠AÁ≠d´ nß°≠cß≠Ek”~R≠ºVÕ≠Y“®‹Å÷öHz≠C©WΩLg≠A‹QRÚ≠x„≠‰ÄöbTz‹E≠b©g≠éöV≠ë≠öEHz≠C©WΩLd¿

d©WT°öö8 : kéökãöRß≠A©≠j≠zmEÚ

W‹ZEÚZVÁRÚnC~√aıc

öqöÈööqk‚ıVÄöW©VO°nßAkß°R

‰ìöö,‰ìöºW∫

qöÈöºnäöQßg

T£AnWÚ

LWqk‚ıV

º‰CØEºTkk‰éöWÚºUÍ°bÏ™b

qöÈök¡döT£AºB‚‡öñökß°R
oV’VaQœ

qöÈöºbäöVööWß˙cäöVöönßAäöV

kéökãöRßA©jzmE Ú

ºnäöQ©nß~F

d©W≠T°ö9  È ‰Äöb≠n‹≠W~gk©L„™bAÁ≠d´V~EWQ“z≠J‰Äöbn‹W~gk©L„™bAÁd´

k©≠L„™b≠AÁ≠d´ L„™b≠AÁ

ooFoFoFoFoFFFFFoFFFFFo
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E√ãöRßd£EΩLgE√ãöRßd£EΩL

T‹Vz≠Jºn≠m~FT‹Vz≠Jºn≠m~

çöZºlÕ≠Sz≠ çöZºlÕ≠Sz

Y‹Å÷öHz≠‰W≠ZıV’≠ºÅ÷öHz≠‰W≠ZıV’≠
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äöëöET°ö5  :  gA¬Q:≠d©W≠dWkÚ≠kéökãöRß≠nß°≠cß≠EV~EkéökãöRß≠A©≠j≠zmEÚ

Hz≠T©≠ºTÕ≠kéökãöRß≠A©≠j≠zmEÚHz≠qk‚ıV Hz≠nE√ãöRß≠ëöjEz≠c≠ºl°d fHz≠nE√ãöRßd£E≠ΩLg≠éöV≠F‹≠QßF≠

díöcV~E≠d‹Zß‡≠Tz≠W≠éöVVıc≠Sz≠jz≠Ezc≠l´RV~E≠WºEÏ°≠dHz≠AÁ≠~V¿L©FºV‡≠ºl°c≠XöV≠HzkéökãöRß≠A©jz≠mE≠Ú≠≠

ñöFº‰W°≠Hz≠º‰CØE≠WºE¡°VxHz≠dkfHz≠º‰CØE≠‰A≠n©W¿ oV’VaQœ L©F≠Hz≠º‰W≠E≠ìö‹E≠V~E≠qk‚ıVUb‚HzR~

ìöd≠ãöRßA÷®E≠W‹≠ZEÚZVÁRÚ≠nC√°≠aıcV~E≠ñöºnd©kßg kßT’≠ΩR≠Hz≠kéökãöRß≠A©≠j≠zmEÚ¿

5 . 2       A‰b~R≠díöc

kéökãöRß≠nß°cßE≠çöC≠º‰F°VΩRE≠ΩRd≠íöc≠A÷®E≠T£A ºTz≠‡≠W°≠T£A≠Hz≠kéökãöRß≠A©≠jzmEÚAÛºLz≠c¿

ºV‡C•ºLz≠c≠ìödb©≠ºgCßgT£A≠éöVWV‘®A≠ºLz≠c≠ΩY÷AΩLg≠ΩY÷A≠Bz≠EnßA≠kß°≠ΩkVéöV≠WV‘®A≠nj~H»≠éöV≠

ºl°c≠≠≠≠≠≠≠ΩY÷A≠Bz≠Enß°≠‰L™ΩkVéöV≠WV‘ß®A≠j~H»éöV¿ nß°cßE≠j~H»≠éöV≠Tz≠J≠ΩY÷Anj~H»≠éöVæV≠b©≠ºgCßgT£A (Bz≠E≠

nßA≠kß°≠ΩkV) ºl°c≠nß°≠cßEnj~H»≠éöVTz≠JΩY÷Aj~H»≠éöVæV≠b©≠ºgCßgT£A(Bz≠E≠nß°≠‰L™≠ΩkV)¿ g‹≠Vz‹≠díöc≠

ºV‡≠V£E≠WEÏzJA÷®E≠d©W≠T°ö10Bz≠Eº‰ÄöbºV‡  :

kb⁄ıV’ kéökãöRß F‹QßFdíöc      F‹QßFd‹Zß‡ A‰b~RdíöcA÷®ET£A Äöd≠FbÁE≠FdV“≠

(ºZg≠d≠íöc)

nß°cßE

 k©L„™bAÁd´ díöc FbÁEXöVgÓ

 TEÚΩLE(II)AÁd´ díöc FbÁEXöVgÓ

 W©äök„™b‰W™b´ díöc FbÁEXöVgÓ

 ÄögÚ≠k„™bAÁd´ díöc FbÁEXöVgÓ

A©j≠zmEÚ

 ºb≠äöV b~Vdíöc FbÁEb~VXöVgÓ

 ÄöW©VO°≠nßA≠kß°R - - díöcR~FŔF FbÁEb~VXöVgÓ

 T£A ≠≠     - FbÁEb~VXöVgÓ

 n≠ß°c©R díöcR~FŔF FbÁEb~VXöVgÓ

 ì⁄öVÚUıd b~Vdíöc FbÁEb~VXöVgÓ

°( C )

°( C )

801+ 1413+

620+ 990+

728+ 1376+

778+ 1600+

182– 161–

0 100+

114+ 184+

115+ 444+

For
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444+ 444+
Only

FbÁEXöVFbÁEX

FbÁEXöFbÁEXö

c Fc

nllyOnO
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kéök≠ãöRßA©j≠zmEÚçöC≠º‰F°V≠b~V≠díöc≠A÷®E≠T£A≠ºT Wß≠ΩV“j≠zdíöcA÷®E≠ìöd≠ãöRßd‹íöc≠L©F≠Hz

ñögÚ≠Aßg ºR≠‰äöAÁ≠d©ºb≠äöV≠fº‰WE≠ì‹öE¿ ìöd≠ãöRß≠Tz‹EºV‡ºlÕ≠Sz≠ ãöRß≠d‹≠í≠öckd°≠ëöE√¿ kéök≠

ãöRß≠nß°≠cßE≠b~V≠díöcA÷®E≠ãöRßd‹≠íöc≠kd°≠ëöE√≠ºm°c¿

5 . 3       Äöd≠FbÁE≠FdV“≠nC√~kV°

k≠éökãöRß≠nß°cßE≠Hz≠nE√ãöRß≠d£E jz≠b~V≠FbÁE≠FdV“≠nC√~kV°ºT Wß≠ΩV“ºZg≠jzdíöc≠ºLzc≠Aºé“ö¤≠

fdíöc≠A÷®E≠T£A jz≠ñöF≠FbÁE≠FdV“≠≠nC√~kV°XöV¿ Äöd≠FbÁEnC√~kV°XöVºV‡ WQ“zgbAZ°WQ“z≠J≠

‰Äöb≠nß°cßEXöVW‹≠ΩWA≠≠ºUÍ°x„nß°≠cßEñöF≠YÁzkÚ≠T°≠XöVºl°cºLzc≠ìöd≠nß°≠cßEYÁ≠zkÚ≠T°≠ºV‡ºl°c≠ΩLg≠L£A≠

Vz≠‹≠FdV“≠nC√~kV°¿

k≠éökãöRß≠A©≠j≠z≠mEÚ FbÁE≠FdV“≠nC√~kV°≠XöV≠ºBîöcQz≠kÚöºTz≠‡≠W°jz≠díöc≠ºLz≠cAºé“ö¤≠AÛ≠ºLzc≠≠

ºV‡≠≠ºLz≠c≠ìöd≠jz≠b~V≠Y‘®Anß°cßEºm°c ΩR≠jz≠ºA°R≠Z°≠b©≠ºgCßgΩLg≠b~V≠ñöFL£AVz≠‹FdV“≠nC≠√~≠kV°≠XöV¿

A÷®Eb©≠ºgCßgT£A ΩY÷A≠Bz≠EnßA≠kß°≠ΩkVéöV≠

b©≠ºgCßgT£A

nß°≠cßEd≠íöc

‰Äöbnß°cßE

d©WT°ö10  :≠≠  Äöd≠díöc≠æV≠ìöd≠ãöRßnß°≠cßE

WV‘®Anj~H»≠éöVºl°cΩY÷ABz≠E≠nß°≠‰L™≠ΩkVéöVWV‘®Aj~H»éöV

n≠ß°cß≠EA÷®E≠n‹≠W~gd≠íöc≠≠ öV~ERº‰bªWÅ‚öV≠kQ“z≠WÚ≠ã÷öWÚöñöFYÁ≠zkÚ≠T°≠XöVºLz≠c≠ºkd°≠ 

d©WT°ö11 : ≠Äöd≠W‹≠ΩWAWQ“z≠J≠‰Äöb≠ºLz≠McAºé“ö¤

k©L„™bAÁd´díöcFor
 M

PTC-E
bo

ok
s 

FbÁE≠FdV“≠nC√~FbÁE≠FdV“≠n

XöV¿ ÄödX V¿ ÄödFFdd

YÁzkÚ≠T°≠XöVºlYÁzkÚ≠T°≠XöVºl

FbFbÁE≠FdV“≠nC√~ÁE≠FdV“≠nbb

Anß°cßEºm°c nß°cßEºm°c

E≠n‹≠W~gd≠íöc≠≠E≠n‹≠W~gd≠íöc≠≠cc

OnlydíöcA÷®E≠ìöd≠ãöíöcA÷®E≠ìöd≠ãö

Sz≠ z≠ ãöRß≠d‹≠í≠öcãöRß≠d‹≠í≠ö

ncßEd



62

I. F©d≠º‰H°k≠ºd°kFºbÁ°cb´c≠ΩLg≠‰R£b≠‰R™j

1.  ñöR©b≠b´c f‰A®b≠ñöR©bΩLg≠éöV≠WV‘®AnC√~kV° ºCºlÕ≠Sz≠ :

A. ºn≠m~F≠‰R®E B. b©≠ºgCßg C. FåöWÚ≠nLŒ≠äö D. nß°cßE

2.  ºZg≠ñöR©bé≠öºJk„™bb́c≠XöV≠ÄÁöcºTÕ≠Hz≠nß°cßEéöºJk„™b éöVVıcSz≠ :

A. jz≠TT´gXöVö1öºn≠m~F≠‰R®E B. jz≠TT´gXöVö2öºn≠m~F≠‰R®E

C. jz≠TT´gXöVö2ö‰W™RßE D. jz≠XöRÚ≠WEÚö2öºn≠m~F≠‰R®E

3.  ºR°≠ãöRßC©≠Qz≠b´cΩLg≠éöVT‹ºVzd≠WºE¡°R≠Hz≠kb⁄ıV’A©jzmEÚ≠BÁz‹E≠Hz≠EºC ?

A. g°F©b V~E≠aÁ®cnd B. k©L„™b V~E≠ìö⁄VÚ≠Uıd

≠ C. éöºJk„™b V~E≠nßA≠kß°≠ΩkV D. ÄöW©V V~E≠AÁd

• ‰CWÚ≠ñöR©bTz‹E≠nkÚ≠éöV≠T‹ºVzdºTÕ≠dA≠T‰bEÚL©Fqk‚ıVV~Fg¿

• A÷®E≠Äöd≠FEkb⁄ıV’ éöV≠ΩRºn≠m~F≠‰R®E≠j≠z≠mEÚºVÕ≠‰kTz≠WÚ≠º‰Äö¤≠WEÓ≠kÚWß≠ºQ—z‡ΩLg≠F©gd´b¿

• kb⁄ıV’≠A©jz≠mEÚC•Hz≠Äöd≠lß˙Vºn≠m~F≠‰R®E ºl°c≠jz≠WºE¡°RXöV≠Hz≠b©≠ºgCßg¿

• k≠éökãöRß≠A©j≠zmEÚEzc›≠b´c≠F‹V´VéöV T£A  ºb≠äöV  ñöb©≠JzAÚ  V~E≠

ÄöW©V≠O°≠nßA≠kß°R ¿

• Äöd≠FE≠Hzkb⁄ııV’≠nß°cßE≠Tz≠AÚ≠TE≠V£E≠ÄödºY‘d≠ºn≠m~F≠‰R®E¿

• ñöR©b≠ΩLg≠XöRÚ≠WEÚºn≠m~F≠‰R®E≠ ºA°R≠Hz≠nß°≠cßE≠j~H»≠éöV¿ ñöR©bΩLg≠TT´g≠ºn≠m~F≠‰R®EºA°R≠

Hz≠nß°≠cßE≠nj~H»≠éöV¿

• kb⁄ıV’n≠ß°cßE≠ Ub‚≠äöºA°R≠ºm°Edjz≠E≠ãöRßA÷®E≠‰A®b I f II Hz≠b´c≠ãöRß≠A÷®E≠‰A®b VI f VII¿

• kéökãöRß≠A©j≠z≠mEÚ éöV≠k°≠RßQÏ≠çöZdíöc V~E≠d‹Zß‡Tz≠W çöC≠º‰F°Vb~V≠díöc≠A÷®E≠T£A  

V~E≠b~VFbÁE≠FdV“nC√~kV°≠ºVÕºZg≠díöcºLzc≠Aºé“ö¤≠ fHz≠k©≠gßc≠k„®E¿

• kéökãöRß≠nß°cßE éöV≠k°≠Rß≠QÏ≠çöZd≠íöc≠ V~Ed‹≠Zß‡≠≠≠≠≠≠B⁄kÚ díöc≠A÷®E≠T£A V~E≠FbÁEFdV“≠

nC√~kV°≠ºVÕ≠ºZg≠díöc≠ºLz≠c≠Aºé“ö¤fHz≠k©gßc≠k„®E≠¿

H2O CH4 NH3

CO2

emeronseg≈b

sMNYrniglMhat'

For
 ñöR©bΩLR©bΩ

F≠‰R®EF≠‰R®E

é≠öºJk„™bé≠öºJk

oror
M

PT

c≠ΩLg≠‰R£b≠‰R™c≠ΩLg≠‰R£b≠‰R™

Lg≠éög≠éö

TCTC-E
bo

ok
s Hz≠b´c≠ãö

Zß‡Tz≠W ç

Lzc≠Aºé“ö¤≠ f

íöc≠ V~Ed‹≠Zß‡≠≠≠≠≠≠

é“ö¤fHz≠k©gß

TC
PTPTPT

Onlyg≠TT´g≠ºn
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4.  ºR°≠k≠éökãöRßQz≠b´cΩLg≠éöV≠dXöc≠ºn≠m~F≠‰R®E≠L©F≠WEÏz≠JA÷®E≠Lêö‰Äöb ?

A. qk‚ıVnß°‰L™≠ΩkV B. k©L„™bAÁd´

C. qk‚ıVnßAkß°≠ΩkV D. nß°≠‰L™ΩkVAÁd´

5.  ºR°≠çöCgÓ~R≠Qz≠b´céöVö12Q•‰R®E ≠ 11‰W™RßE V~Eö10ºnm~F≠‰R®E ?

A. B. C. D. 

II. k‹Q´d‰R~‡d~‡

1.  F©dWK»z≠AÚ≠k≠éökãöRßBzE≠º‰Äöb≠ ºR°≠jz≠Hz≠kéökãöRß≠nß°cßE≠fA©j≠zmEÚV~EWK»z≠AÚ≠Z°≠ºl≠Rß≠Yg 

A. T£A≠kßT’ B. W©≠äök„™bAÁ≠d´      C. ºbäöV 

D. g°F©baÁ®cnd´   E. L°≠BîöFÚ     F . nß°c©R   G. ì⁄öVÚ≠Uıd 

2.  A÷®E≠F‹ºQz≠b≠ãöRßk©L„™b nßA≠kß°≠ΩkV≠ W©≠äök„™b ÄöW©V éöºJk„™b V~EAÁd¿ F©d≠º‰H°kºd°k

A. ãöRß≠b´cC©WºE¡°Rk≠éökãöRßA©j≠zmEÚ ≠   B. ãöRß≠W´VC©≠≠WºE¡°R≠k≠é≠ökãöRß≠n≠ß°≠cß≠E

C. ãöRßZ°dHz≠b©ºgCßgO°≠≠≠≠ñöR©bA÷®E≠Ub‚≠Hz≠R~ D. ãöRßZ°dHz≠qk‚ıV

E. ãöRßΩLg≠éöVk°Rß≠QÏ≠çöZdíöc≠B⁄kÚ≠W‹≠YßR

3.  F©d≠WEÏz≠JºLz≠c≠º‰W°Lêö‰Äöb “F‹QßFb©g ΩBÍE ” V©jkb⁄ıV’æV≠kéöãöRßA©j≠zmEÚBzE≠º‰Äöb¿ 

ºCx„F‹V´V≠‰W™≠RßEdWkÚ≠ã≠öRß , , , , ¿

A. qk‚ıVnß°≠‰L™ΩkVaÁ®c≠nd´ B. ºR≠‰äöAÁ≠d©ºbäöV 

C. qk‚ıVnß°≠‰L™ΩkVAÁd´ D. qk‚ıVÄöW©VO°≠nßAkß°R 

4.  ãöRß≠C°b°W° P ,  Q V~E R éöVF‹V´V‰W™RßEFºVÁz‡Z° 2 ºTÕ≠≠≠ 10¿ T‰bEÚ≠ñöR©b P éöV≠ºn≠m~F≠‰R®E≠

º‰F°VHz≠ET‰bEÚqk‚ıVV~FgF‹V´V 1  T‰bEÚ≠ñöR©b Q éöV≠ºn≠m~F≠‰R®Eº‰F°V≠Hz≠ET‰bEÚ≠qk‚ıV≠

V~FgF‹V´Vö3 F‹≠ΩQAT‰bEÚ≠ñöR©b RéöV≠ºn≠m~F≠‰R®E≠≠R~F≠Hz≠ET‰bEÚ≠qk‚ıV≠V~Fg≠F‹V´V≠ö2¿

A. F©d‰XöWÚ≠ºÜ‚ö‡≠ãöRß   ,   V~E  ?

B. ºR°≠ãöRß≠Qz≠b´céöV≠T‹≠ºVzdºA°R≠Hz≠nß°cßEΩLg≠éöV≠WV‘®A 

C. F©dkdºkdd©WbV“Ezcb´c≠ΩLg≠ºA°R≠Z°≠k≠éökãöRß  V~E ≠   V~E 

D. ºR°≠Hz≠‰W≠ºaT≠kb⁄ıV’nÍ°≠ΩLg≠ºA°R≠ºm°E≠djz≠E  V~E     ñöR©b Z°d ?

E. A÷®E≠F‹≠ºQzbãöRß≠Tz‹EW° ãöRß≠Qz≠BÁ‡≠Hz≠ºíöl:V~E≠ãöRß≠Qz≠BÁ‡Hz≠nºíöl: ?

•
• •

•
•

•

16

8
O2 – 19

9
F– 23

11
Na

+ 24

12
Mg2 +

H2O( ) KCl( ) CH4( )

LiF( ) SiO2( ) I2( ) S8( )

C 6= Cl 17= O 8= F 9= H 1=

HF( ) CCl4( )

HCl( ) CO2( )

P Q R

i( ) 1+ ii( ) 2–

i( ) P R ii( ) Q R

i( ) Q R ii( ) R

For

T‰bEÚqk‚ıVbEÚqk

gF‹V´VögF‹V´V 33 F‹≠ΩQ F‹≠ΩQ

d‰XöWÚ≠º‰XöWÚ≠º

M
PTC,,

nd´ndd́d

VAÁdd́´dd

V~E V~E RR éöV éöV

~~

C-E
bo

ok
s

ß

éöºJk„™b éöºJk„™b

. ãöRß≠W´VC©≠≠WãöRß≠W´VC©≠≠W

D. ãöRD. ãö Z°°R

kÚ≠W‹≠YßRkW‹≠YßR

QßFb©g ΩBÍE QßFb©g ΩBÍE 

ClCl, , 66

( )( )HFHF

( )( )HClHC

Only

EWK»z≠AÚ≠Z°≠ºlWK»z≠AÚ≠Z°≠º

bäöV 

c©R   G.R  

V~E

4( )( )CHCH44
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≠¿

çöC≠gÓ≠~R≠æV≠nE√ãöRß≠d£ERº‰bªWV~E≠Y“®‹≠Å÷öäöb≠dºW∫W≠b´c≠WºE¡°R≠Hz≠T‰bEÚWQ“z≠J¿ nE√ãöRß≠d£E≠

çöC≠≠º‰F°V‰R™j≠XöV≠≠ΩWE≠ΩFAHz≠W´V≠‰W≠ºaT≠ºLzcñö‰kıc≠ºTÕF‹QßFd‹Zß‡≠dWkÚ≠jzV~E≠gA¬BQœæV≠Äöd≠

FbÁE≠FdV“≠nC√~kV°¿ Äöd≠ΩWE≠ΩFA≠ºV‡≠V£E≠WEÏzJ≠L©FLêö‰Äöb≠BzE≠º‰Äöb :

emeronTI

2 T®mg'GgFaturwg

  

   ❒  ºd∫≠WëöWÚ≠gA¬Q:k≠éökãöRßΩLg≠éöVT‰bEÚHzb©≠ºgCßg¿

   ❒  ºd∫W≠ëöWÚ≠Z°gA¬Q:V~ET‰bEÚdWkÚ≠ºZ‰H¿ 

   ❒  ZV„gÚ≠Z°gA¬Q:V~ET‰bEÚdWkÚ≠kéö≠≠kãöRß≠nß°cßE¿

≠≠≠   ❒  ºd∫W≠ëöWÚZ°T‰bEÚºíöl:V~Ekb⁄ıV’ºíöl:¿

≠≠≠   ❒  ºUÍ°≠Z~ºìöUVˆ≠Z°Äöd≠díöc≠dWkÚ≠kéökãöRß≠A©j≠zmEÚV~EA©j≠zmEÚ ºU∫W≠ºTÕ≠V£E≠kéök≠ãöRß≠

      nß°cßEV~EkéökãöRßA©j≠zmEÚ¿

FWÚºbºd∫VºV‡≠ k~kÎñöF

T‰bEÚb©ºgCßg

T‰bEÚÚºíöl:

T‰bEÚnß°cßE

T‰bEÚb©ºgCßgU‹›

B⁄kÚ

(B⁄kÚ≠Hz≠E 900°C)

TzW

(Tz≠WHz≠E 200°C)

FbÁEºZgºVÕ≠d£EV~EºZgdíöc

FbÁEΩR≠ºZgdíöc

b~V≠FbÁEºTz≠‡A÷®E≠çöZd©W≠Qz≠AÛ≠ºLz≠c

F‹QßF≠d‹≠Zß‡

ÄödFbÁEFdV“
nC√~kV°

For
 

FFoF
M

PTC-E
bo

ok
W∫W≠b´c≠WºE¡°RW∫W≠b´c≠WºE¡°R

ñö‰kıc≠ºTÕF‹‰kıc≠ºTÕF‹

WEÏzJ≠L©FLêö‰EÏzJ≠L©FLêö‰

ok
sºU∫W≠º

ok

M
P

M
P

M
PT

Only
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1.           T‰bEÚ≠b©ºgCßg

ìödãöRßΩLg≠éöV≠T‰bEÚb©≠ºgCßgEzc› YÎ‹≠Z°b©≠ºgCßgA©j≠zmEÚR©F≠›≠Hz≠º‰F°V¿ qTzldQˆ

T£AYÎ‹Z°≠b©≠ºgCßgT£A≠Hz≠º‰F°V¿ AéÁö‹Edjz≠Eb©≠ºgCßgT£AV~Eb©≠ºgCßgT£A (ºC≠ºl≠Õ≠Sz≠AéÁö‹E≠nV“d≠

b©≠ºgCßg)ºBîöcV~EEz≠c≠Y“z≠FÚ¿ L©FºV‡ T£AHznE√ãöRß≠ëöjñöFW‹≠ΩWAºTÕ≠Hz≠qk‚ıV≠XöV≠èöE≠Ezc≠

ºLz≠c≠LßRAºé“ö¤ºl°cZß‡ºVÕ≠k°RßQÏçöZ≠ö ¿ ºZg≠Zß‡T£A≠ÄÁöc≠Hz≠qk‚ıVfF‹lz≠céöV≠≠ΩR≠AéÁö‹E≠

nV“db©≠ºgCßgºBîöcWß≠ºQ—z≠‡XöV≠Y“zFÚ F‹ΩQAkb⁄ıV’≠A©j≠zmEÚ≠éö‹≠A÷®E≠≠≠≠≠≠≠≠b©≠ºg≠Cßg≠T£A≠b~V≠‰R™j≠XöV≠≠W‹≠ΩWA≠

ºT (d©WT°ö1)¿

ìöd≠ã≠öRßºYÎE≠≠≠≠≠≠≠≠≠ºT∫≠R≠ΩLg≠éöVT‰bEÚHzb©≠ºgCßgAÛéöV≠gA¬Q:‰kºL∫EÅ÷öV£E≠T£A≠ΩLd¿

ìöd≠ãöRß≠Tz‹E≠ºVz‡≠éöVAéÁö‹E≠nV“db©≠ºgCßgºBîöcEzcW‹≠ΩWA L©FºV‡F‹≠QßF≠d‹≠Zß‡V~E≠F‹≠QßF≠díöc≠

dWkÚ≠≠jz≠Tz≠W (Hz≠Ub‚≠äöTz≠W≠Hz≠E )¿

ãöRßn≠ºíöl:çöC≠º‰F°VéöV≠T‰bEÚHz≠b©≠ºgCßgL©F≠Hz≠ nß°≠‰L™≠ΩkV nßA≠kß°≠ΩkV ñök©R V~E≠ãöRß≠

ºVÕ≠A÷®E≠‰A®b ≠VII¿ k≠éökãöRßA©j≠zmEÚçöC≠º‰F°V≠éöV≠T‰bEÚHz≠b©≠ºgCßg L©FHz , , 

V~E ¿

ºLz≠c≠ìöd≠ãöRßΩLg≠éöV≠T‰bEÚÚHz≠b©ºgCßg≠éöV≠≠F‹≠QßF≠d‹≠Zß‡Tz≠W jz≠º‰F°VΩR≠Hz≠ìödãöRß≠Ezc≠

ºl°d V~E≠Hz≠qk‚ıV¿ b©≠ºgCßg≠dWkÚ≠jzEzc≠l´RV~E≠éöVAÁ~V≠k‹ÅögÚ¿ ºC≠º‰F°Vº‰W°≠jz≠Hz≠º‰CØE≠‰An©W≠

V~E≠º‰CØE≠WΩV”bxHz≠dk¿

ìödãöRßb©≠ºgCßgçöC≠º‰F°Vb~V≠díöc≠A÷®E≠≠T£A≠ºT Y‘®c≠ºTÕ≠j~Jjz≠díöc≠A÷®E≠ìöd≠ãöRß≠d‹≠íöc≠

kd°ëöE√¿ ìöd≠ãöRßd‹≠íöc≠kd°≠ëöE√C•≠Hz≠kéökãöRßÄöW©V L©FHz≠º‰WE≠ìö‹EV~E≠ºn≠äöQßgHz≠ºL°b¿

ºL°b◊°≠ñöFFbÁEFdV“≠nC√~≠kV°XöV≠ìöd≠ã≠öRßºVz‡≠‰R™j≠≠éöV≠nß°cßEfºn≠m~F≠‰R®E≠ºkd°¿ F‹ºK≠‡≠ìöd≠

ãöRßΩLg≠b©≠ºgCßgj≠zb~V≠éöV≠nß°cßEºkd°≠ºT ºl°c≠ºn≠m~F≠‰R®E≠dWkÚ≠jz≠k”~RºVÕ≠A÷®E≠T°äö‹E≠HzAÚ≠íöAÚ≠A÷®E≠

b©≠ºgCßg b~V≠ñöFYÁ≠zkÚ≠T°Z°≠b©≠ºgCßgb´c≠ºTÕ≠b©≠ºgCßg≠b´c≠ºT∫R≠XöV ºV‡≠ºl°c≠ΩLg≠ºUÍ°≠x„≠ìödãöRß≠

ΩLg≠éöVT‰bEÚHzb©≠ºgCßgb~V≠ñöF≠FbÁEFdV“≠nC√~≠kV°XöV¿

100°C

200°C

CO2 SO2 CH4

CCl4

dß©WT°ö1 : éöV≠ΩR≠AéÁö‹EnV“db©≠ºgCßgºBîöcWßºQ—z‡XöV≠W‹≠ΩWAºZg≠T£A≠Zß‡For

dãöRßbãöRßb

TC-E
bo

ok
s F≠Hz≠Hz n nß°≠‰L™≠ß°≠‰L™≠nn ΩkΩk

V≠T‰bEÚHz≠b©≠º‰bEÚHz≠b©≠º

ºgCßg≠éöV≠≠F‹ºgCßg≠éöV≠≠F‹

jzEzc≠l´RV~jzEzc≠l´RV~

PTPTTT
M

P
M

P
MMM

P
MMMMMMMMMMMMMMMMMMMM

P

Only‰kºL∫EÅ÷öV£E≠T£AL∫EÅ÷öV£E≠T£

©FºV‡F‹≠QßF≠d‹≠ZFºV‡F‹≠QßF
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2.           T‰bEÚ≠b©≠ºgCßgU‹≠›

ºZ‰HWE¡≠ºm°EºLz≠c≠ãöRßÄöW©V≠¿ ºVÕ≠A÷®E≠ºZ‰HñöR©bTz‹E≠nkÚFE≠kb⁄ıV’V£E≠Å÷ö≠ºLzc≠kb⁄ıV’A©j≠z≠

mEÚd£Eéö‹¿ ºZ‰HC•≠Hz≠qTz≠ldQˆ≠b´c≠æV T‰bEÚb©≠ºgCßgU‹≠› ΩLg≠ºZg≠BÁ‡≠ºC≠ºlÕ≠Sz≠T‰bEÚ≠éö‰A™≠

b©≠ºgCßg¿ éö‰A™b©ºgCßg éöVVıcSz≠ “ b©≠ºgCßgU‹  ” ΩLg≠ñöFSz≠‰ÄöbºZ‰HTz‹E≠b©g≠Hz≠

b©≠ºgCßgU‹b´c¿

ãöRß≠kß°g°k„™b º‰W°≠k‰éöWÚ≠ºUÍ°≠I°W (IC) Aß‹Z„™TıdV~E≠k≠éök≠ãöRßkß°≠g°k„™bO°≠nßAkß°R 

(éöVA÷®E≠L°≠BîöFÚ) AÛHz≠kéökãöRßΩLg≠éöVT‰bEÚA©j≠zmEÚU‹≠ΩLd¿

2 . 1         gA¬Q:d©W

ìöd≠ãöRß≠ΩLg≠éöV≠T‰bEÚ≠Hzb©ºgCßgA©j≠zmEÚU‹≠›éöVF‹QßFdíöcV~E≠d‹≠Zß‡≠B⁄kÚ Z°º‰K≠‡≠jz≠‰R™j≠

ÄödSz≠bZg≠Aºé“ö¤B⁄kÚ ºL°b◊°≠W‹≠ΩWAkb⁄ıV’A©j≠zmEÚéö‹≠dWkÚ≠jz¿ ºZ‰H≠díöc≠ºVÕk°≠RßQÏ≠çöZ‰WΩlg

¿ F‹≠QßF≠díöcfd‹Zß‡dWk≠Úkéök≠ã≠öRßßA©jz≠mEÚU‹≠›Bßk≠Å÷öÖ≈öcºU∫W≠ºTÕ≠V£E≠kéökãöRß

A©j≠z≠mEÚ≠R©F›≠ΩLg≠éöV≠F≠‹QßF≠díöcV~Ed‹Zß‡≠Tz≠W¿

kb⁄ıV’A©j≠zmEÚéö‹≠ºV‡ºUÍ°≠x„ìöd≠ãöRß≠Tz‹E≠ºV‡≠d£E≠BÁz≠‹E ΩLg≠ºC≠ñöF≠º‰W°≠jzHz≠qWAdQˆ≠LßkBz≠RÚ≠f≠

AåögB´E¿ ìödãöRß≠ΩLg≠éöVT‰bEÚ≠Hz≠b©ºgCßgA©jz≠mEÚ≠U‹≠›b~V≠FbÁEFdV“≠nC√~≠kV°V~E≠b~V≠díöc≠A÷®E≠

T£AºT¿

2 . 2         ºZ‰H

ºVÕ≠A÷®EºZ‰H ñöR©b≠ÄöW©VV°b´c≠›FE≠kb⁄ıV’ºTÕ≠V£EñöR©bÄöW©Vöö4ºYÎ≠EºT∫R Rº‰b∫≠W≠Hz≠

FRßbßB≠V~cıR ºl°c≠ñöR©b≠ÄöW©VV°b´c›Hz≠YΔ~RæVFRß≠bßBV~cıR¿ kb⁄ıV’≠A©j≠z≠mEÚ≠éö‹V~E≠T‰bEÚWQ“z≠J≠

Hz≠FRß≠bßB≠V~cıRdWkÚ≠ºZ‰HºUÍ°x„≠jz≠Hz≠ìöd≠ãöRßUb‚≠Hz≠R~ΩLg≠d£E≠éö‹W‹≠YßR¿

ºLz≠c≠ìöd≠çöZd£E≠dWkÚ≠jz ºCº‰W°≠ºZ‰Hk‰éöWÚ≠ÄöRÚ≠jR”®≠d£E≠ºYÎE≠ºT∫R L©F≠Hz≠AåögB´E≠‰R™j≠XöV≠

ºC≠W‹K≠AÚºZ‰H≠ºL°b◊°≠B´ETbÁ®‡S‚≠º‰ÄöbL°≠ëöWÚ≠KVÚ≠Ωb≠RºL°b◊°≠W©bcA≠º‰WE≠ÄöRV~Eqk‚ıV¿

SiO2

d©WT°ö2 : T‰bEÚdWkÚ≠ºZ‰H kß°≠g°k„™bV~E≠kßß°g°≠k„™bO°n≠ßAkß°R

ñöR©bÄöW©V ñöR©bkß°g°k„™b

ñöR©bkß°g°k„™b
ñöR©bnßAkß°ΩkV

ºZ‰H k°ßg°k„™b k°ßg°k„™bnßAk°ßR

3500°C

For

é ºV‡º

ã Rß≠ΩLg≠éöVß≠ΩLg≠éöR

M
PTC-E

b

CßgA©j≠zmEÚU‹≠CßgA©j≠zmEÚ

kb⁄ıV’A©j≠zmEkb⁄ıV’A©j≠zm

fd‹Zß‡dWk≠Úkéfd‹Zß‡dWk≠Úké

QßF≠díöcV~EF≠díöcV~E

ºUÍ°≠x„ìöUÍ°≠x„ìö

bo
o

g°k„™bV~E≠kßß°g°≠k„™g°k„™bV~E≠kßß°g°≠k„™

ß

Only
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2 . 3         ‰Äöa°R

‰Äöa°RC•≠Hz≠T‰bEÚb´c≠ºYÎEºT∫RdWkÚ≠ÄöW©V¿ ºVÕ≠A÷®E‰Äöa°R ñöR©bÄöW©VTz‹E≠ïöc≠Rº‰b∫W≠

Å÷ö≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠Hz≠‰kTz≠WÚ≠ëöWºl°c≠ñöR©bA÷®E≠‰kTz≠WÚV°b´c≠›≠Rº‰bªW≠Å÷öHz≠dEÍEÚΩLg≠éöVö 6öñöR©bÄöW©V¿ ñöR©b≠

ÄöW©V≠V°b´c≠›≠FE≠kb⁄ıV’ºTÕ≠V£EñöR©bÄöW©Vö3ºYÎEºT∫R≠ºLz≠c≠kb⁄ıV’A©j≠zmEÚ¿

AéÁö‹ET‹Vz≠J≠djz≠E≠‰kTz≠WÚ≠V°b´c≠›ö≠≠≠≠≠≠≠≠≠ºBîöc≠≠≠≠

ºU°Íx„‰kTz≠WÚ≠ºV‡ñöFdn≠~g≠ºg°≠Å÷öXöV¿ö≠gA¬Q:≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠

Tz‹E≠ºV‡≠ºl°c≠ºUÍ°≠x„≠‰Äöa°R≠TVÚ≠≠V~E≠dn~g¿≠≠≠ ‰Äöa°R≠AÛ≠

L©F≠ºZ‰H≠ΩLd jz≠ñöF≠k”~RºVÕ≠Hz≠nE√≠ãöRß≠d£E≠dl©R≠≠≠≠≠≠LgÚ≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠

k°RßQÏ≠çöZ≠B⁄kÚ≠≠≠BÁz‹E (ö ≠≠≠ ºT°W≠≠≠≠≠≠≠≠≠≠≠≠≠jz≠ÄÁöc≠ºTÕ≠Hz≠

qk‚ıV) ¿

‰Äöa°R‰R™j≠XöVºC≠º‰W°≠ºUÍ°≠Hz≠WQ“™gºB‚Õ≠æL º‰K≠‡ΩR≠‰kTz≠WÚæV≠ñöR©bjzdn≠~gLz≠FÚ≠ºFJ≠Z°≠ºB‚Õ≠æL≠

L~R≠≠ºTÕ≠ºg°≠‰ALz≠k¿ ºCAÛ≠º‰W°jz≠Hz≠ìödãöRßd‹n≠~gΩLd Hz≠Z~≠ºkkk‰éöWÚéökß°VΩLg≠ºÄ“ö¤BÁz‹EZ°≠º‰K≠‡≠≠

jz≠b~VW‹≠ΩWA≠ºTÕ≠Hz≠ìöd≠ãöRß≠ºYÎE≠ºm°cºVÕ≠k°≠Rß≠QÏ≠çöZ≠B⁄kÚ¿

‰Äöa°R C•≠Hz≠n≠ºíöl:ΩLg≠FbÁE≠FdV“≠nC√~kV°XöV≠gÓ Z°≠º‰K≠‡jz≠Y‘®A≠ºn≠≠m~F‰R®E≠ΩLg≠ñöF≠YÁ≠zkÚ≠

T°≠ºLz≠c≠ºkd°XöV¿ ºCº‰W°≠jz≠Hz≠ºn≠m~F≠‰R™RA÷®E≠b©≠TıdnC√~kV° V~E≠º‰W°≠≠Hz≠ºn≠m~F≠‰R™RW©≠gW©AA÷®E≠S‚≠Z~g ≠

Ub‚≠äö≠¿

3.           T‰bEÚnß°cßE

k≠éökãöRß≠nß°cß≠EWE¡≠ºLz≠cnß°cß≠Ej~H»≠éöV≠æV≠ºíöl:V~E≠nß°cß≠Enj~H»≠éöVæV≠n≠ºíöl:¿≠

qTzldQˆ≠  È ök©L„™b≠AÁd´ C•≠H≠z‰ÄöbΩLg≠WE¡ºLz≠c≠nß°cßE≠ V~E LÛ≠º‰F°V≠Rº‰bªW≠≠

Å÷öA÷®E≠dºW∫W≠≠b´c≠ºT∫≠ETz≠RÚ¿

ÄödRº‰b∫WñöR©bA÷®E≠b´c≠‰kTz≠WÚ Äöd≠Rº‰b∫W≠Hz≠‰kTz≠WÚ

d©WT°ö3 : Äöd≠Rº‰b∫W≠ñöR©bºVÕ≠A÷®E≠‰Äöa°R 4000°C

Na+ Cl–

= nß°cßECl
–

Na
+= nß°cßE

d©WT°ö4 : ÄödRº‰b∫W≠nß°cß≠EA÷®E≠k©L„™bAÁd´

Na
+nß°cßE

nß°cßECl
–For

 Qˆ≠   Q≠ È 

W∫W≠≠b´c≠ºT∫≠EW∫W≠≠b´c≠ºT∫≠E

= n°= nFF
M

PTC-E
bo

ok
s ΩR≠‰kTz≠WÚæV≠R≠‰kTz≠WÚæV≠

d Hzz≠Z~≠ºkk≠Z~≠ºkk

QÏ≠çöZ≠B⁄kÚ¿QÏ≠çöZ≠B⁄kÚ

dV“≠nC√~kV°XödV“≠nC√~kV°Xö

m~F≠‰R™RA÷®E≠b©≠TıF≠‰R™RA÷®E≠b©≠Tı

ncß≠EWE¡≠ºLz≠cß≠EWE¡≠ºLz≠

kLk

Only

÷

R≠TVÚ≠≠V~E≠dn~gTVÚ≠≠V~E≠dn~

k”~RºVÕ≠Hz≠nE√≠ãöRºVÕ≠Hz≠nE√≠ã

E (öE 40004000°C
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T‰bEÚBzE≠ºg°≠WEÏzJSz≠nß°cßE≠k©L„™bV~Enß°cßEAÁd´éöV≠k≠éöéö‰R 1:1 L©FºV‡d©WbV“dWkÚ≠

k©L„™b≠AÁd´C• ¿ nß°cß≠EºVÕ≠A÷®E‰Äöbnß°≠cßEFE≠ç»öWÚ≠Hzb´cÅ÷öºLzc≠kb⁄ıV’≠nß°cßE≠≠éö‹≠≠≠f≠AéÁö‹E

T‹VzJ≠ºnm~F≠‰R™ìö“T~F¿

kéökãöRß≠nß°cßEéöVF‹QßFdíöcV~Ed‹Zß‡B⁄kÚ Z°º‰K≠‡jz≠‰R™j≠Äöd≠Sz≠bZgAºé“ö¤≠≠º‰F°V≠ºL°b◊°≠

W‹ΩWAkb⁄ıV’≠nß°cßE≠¿ qTzldQˆ  : k©L„™bAÁd´díöc≠ºVÕ≠k°Rß≠Q—çöZ  V~EZß‡ºVÕ≠k°Rß≠QÏ≠

çöZ ¿

F‹QßF≠díöc≠dWkÚ≠kéökãöRßnß°≠cßE≠ñö‰kıcºg°≠AéÁö‹E≠kb⁄ıV’dWkÚnß°cßEjz¿ ‰Wk~V≠ºW°≠WV‘®A≠≠≠

j~H»≠éöVV~Enj~H»éöVdWkÚ≠nß°≠cßEÄöVÚ≠ΩR≠U‹ ºVz‡≠AéÁö‹E≠T‹Vz≠JdWkÚ≠kb⁄ıV’≠ÄöVÚ≠ΩR≠BÁz‹E ºl°c≠F‹QßF≠

díöcV~Ed‹≠Zß‡≠ÄöVÚ≠ΩR≠B⁄kÚ¿ qTzldQ̂ È L©FHz≠éöºJk„™bnßAkß°RWE¡ºLz≠c≠nß°cßE≠éöV≠WV‘®A

V~E éöV≠k°RßQÏ≠çöZdíöc≠B⁄kÚ≠Hz≠Ek©L„™bAÁd´ΩLg≠WE¡≠ºLz≠cnß°≠cß≠E≠WV‘®A

 V~E  ¿

kéök≠ãöRß≠nß°cßE≠BÁ‡éöVk°RßQÏ≠çöZdíöc≠B⁄kÚ L©FHz≠éöºJk„™bnßAkß°Rö jz≠díöc≠

ºVÕ≠k°Rß≠QÏMçöZ ¿ ºCº‰W°jzLz≠AÚºVÕ≠FºVÁz‡BzE≠A÷®E≠mkÁ≠ºíöl:ãöRß¿

k≠éök≠ãöRß≠nß°cßEb~V≠FbÁE≠FdV“≠nC√~kV°≠ºTºZg≠jz≠Hz≠nE√ãöRß≠d£E¿ Wß≠ΩV“≠ºZg≠ºC≠LßRAºé“ö¤≠èöE≠≠

BÁz≠‹Ejz≠d≠íöc≠Hz≠nE√ã≠öRßëöjºl°c≠ñöFFbÁE≠FdV“≠nC√~kV°XöV¿ kéök≠ãöRß≠nß°cß≠EAÛ≠ñöFFbÁE≠FdV“≠

nC√~kV°XöVΩLdºVÕ≠ºZg≠díöc≠A÷®E≠T£A¿ ºV‡≠bA≠Z°nß°≠cßEdWkÚ≠jzñöFYÁ≠zkÚ≠T°≠XöV Bßk≠Z°A÷®E≠çöZ≠Hz≠

nE√ãöRßd£EΩLg≠nß°cßEjz≠b~V≠ñöFYÁ≠zkÚ≠T°≠XöV¿

4.           T‰bEÚ≠ºíöl:

ºVÕ≠A÷®E≠ºíöl: ñöR©bTz‹E≠ïöc≠k”~RºVÕ≠Y“®‹Å÷ö≠èöEH~R≠W‹≠YßRºTÕ≠äöb≠Äöd≠Rº‰b∫W≠LÛ≠éöVkQ“z≠WÚ≠

ã÷öWÚ≠¿ ñöR©bV°b´c≠›XöVx„≠ºn≠m~F≠‰R®E≠BÁ‡≠ºl°c≠ÄÁöc≠ºTÕ≠Hz≠nß°cßE≠j~H»≠éöV¿ ºn≠m~F≠‰R®E≠Tz‹E≠ºV‡≠ºTÕ≠

ºVÕ≠äöbFºVÁz≠‡≠nß°≠≠cßE≠j~H»≠éöV¿ kb⁄ıV’ºí≠öl: C•≠Hz≠AéÁö‹E≠≠≠≠T‹Vz≠J≠djz≠Eºn≠m~F‰R®E≠nj~H»≠éöVV~E≠nß°≠cßE≠

j~H»≠éöVdWkÚ≠ºíöl:¿

NaCl

801°C

1413°C

2+

2– Mg2 + O2 –( , )

1+ 1– Na+ Cl–( , )

MgO( )

2800°C

n≠ß°cßEºí≠öl:j~H»≠éöV

ºnm~F≠‰R®E≠ºkd°

d©WT°ö5 :  (A)Äöd≠Rº‰b∫W≠ñöR©b ≠ (B)Äöd≠FEkb⁄ıV’≠ºVÕ≠A÷®E≠ºíöl:

(A) (B)

For

ñö ©

c≠›XöVx„≠ºn≠c≠›XöVx„≠ºn

nß°≠≠cßE≠j~H»≠éönß°≠≠cßE≠j~H»≠éö

l:¿:¿

M
PTC-E

bo
ok

s ΩLg≠W

FHz≠éöºJk„™béöºJk„™

BzE≠A÷®E≠mkÁ≠ºíBzE≠A÷®E≠mkÁ≠

Zg≠jz≠Hz≠nE√Zg≠jz≠Hz≠nE√

dV“≠nC√~kV°V“≠nC√~kV°XöXö

ºV‡ºV ≠bA≠Z°n°≠bA≠ °

kÚ≠T°≠XöV¿kÚ≠T°≠XöV¿

©bTz‹E≠ïbTz‹E≠

Only

¿ ‰Wk‰WkV≠ºk

R≠BÁz‹z‹E ºlE ºl°c≠F°cll

E¡ºLz≠c≠nß°cßE≠éöºLz≠c≠nß°cßE≠

WE¡≠ºLz≠cnß°WEºLzc
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nß°≠cß≠Eºíöl:éöV≠T‹l‹≠U‹V~E≠b~V≠ñöFYÁ≠zkÚ≠T°XöV≠ºT d°uºn≠m~F≠‰R®E≠R©F≠Qz≠kÚ ºl°c≠ñöFYÁ≠zkÚ≠

T°≠XöVºLz≠cºkd°≠KkºZJ≠ºí≠öl:¿ L©FºV‡ºC≠ñöFV~èöc≠XöVSz ºíöl:Tz‹E≠ïöc≠Y‘®A≠ºTÕ≠ºLzc≠≠

nß°cß≠E≠j~H»≠éöVΩLg≠dß‹≠ZıT’ºTÕ≠ºLz≠cºn≠m~F≠‰R®E≠LÛ≠º‰F°VkV’£AkV’z≠WÚ¿ ºí≠öl:FbÁE≠FdV“≠nC√~kV°≠XöV≠

ºLz≠c≠ìöd≠ºn≠m~F≠‰R®E≠dWkÚjzñöFYÁ≠zkÚ≠T°XöV≠ºLz≠c≠ºkd°ºTz≠‡≠W°jz≠k”~RHz≠nE√ãöRßd£EfºZgdíöc¿

kb⁄ıV’ºíöl:éöV≠gA¬Q:d£≠Eéö‹BÁz≠‹E L©FºV‡ºl°c≠ºíöl:≠çöC≠º‰F°V≠éöV≠k°Rß≠QÏ≠çöZdíöc≠

V~Ed‹Zß‡≠B⁄kÚ¿

äöëöEkºE¬WT‰bEÚ≠k‹Bz≠VÚ›≠æV≠nE√ãöRß≠d£E

≠

T‰bEÚ çöC≠gÓ≠~RA÷®E≠

nE√ãöRßd£E

kb⁄ıV’djz≠E≠

çöC≠gÓ~R

F‹QßF 

d‹Zß‡

A‰b~R≠díöc≠

A÷®E≠T£A

Äöd≠FbÁE≠FdV“≠nC√~kV° qTzldQˆ≠

b©≠ºgCßg Hz≠b©≠ºgCßg≠

A©jz≠mEÚR©F›≠

ºBîöc≠Qz≠kÚ Tz≠W b~V≠díöc b~V≠FbÁE≠FdV“A÷®E≠‰CWÚ≠

çöZd©W

ºb≠äöV T£A nß°c©R

b©≠ºgCßgU‹› Hz≠ñöR©b kb⁄ıV’≠A©jz≠mEÚ B⁄kÚ b~V≠díöc b~V≠FbÁE≠FdV“A÷®E≠‰CW≠Ú≠≠≠≠

çöZd©W

ºZ‰H 

kß°≠g°k„™bnßAkß°R

nß°cßE nß°cß≠Ej~H»éöV≠

V~En≠j~H»éöV

kb⁄ıV’≠nß°cß≠E≠≠éö‹ B⁄kÚ díöc FbÁEºZg≠díöc≠ 

b~V≠FbÁEºZgHz≠nE√≠

ãöRß≠d£E

k©L„™bAÁ≠d´ 

éöºJ≠k„™b≠

nßAkß°R

ºí≠öl: nß°cß≠Ej~H»éöVV~E≠

ºnm~F‰R®Eºkd°

nß°cß≠E≠ºíöl:≠≠

éö‹

B⁄kÚ b~V≠díöc FbÁEºZg≠Hz≠nE√≠ãöRß≠

d£E V~E≠ºZg≠díöc

éöºJ≠k„™b≠  ΩLA 

k©L„™b  TEÚ≠ΩLE

For
 M

PT

VV~E≠V~E≠

‰R®Eºkd°‰R®Eºkd°

nß°cß≠E≠ºínß°cß≠E

éö‹éö‹M
PPTC-Ecß≠E≠≠éö‹ B⁄kÚcß≠E≠≠éö‹ B⁄kÚ

P
C

EEEbo
o

kÚ b~V≠díöckÚ b~V≠díöc

EEbo
ok

síöc b~V≠FbÁí c b~V≠FbÁ

çöçok
s

oo
E

PT
M

OnlyFbÁE≠FdV“≠nC√~kV°FbÁE≠FdV“≠nC√~k

ynlyO
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Hz≠T©≠ºTÕ≠Äöd≠díöcF©g≠Å÷ö C•≠ìöd≠ãöRß≠L©F≠Å÷ödíöc≠F©g≠Å÷ö Wß≠ΩV“ºc°E≠XöV≠L£E≠d´F≠bA≠ºl°c≠Sz≠T£A≠

Hz≠ìödãöRßA©j≠zmEÚ ºb≠äöV≠AÛ≠Hz≠ìödãöRß≠A©jz≠mEÚ Wß≠ΩV“≠jz≠ΩWdHz≠b~Vd≠íöc≠F©g≠Å÷ö¿ ºR°≠ºV‡≠WQ“z≠g

bAZ°≠b©g≠ºl≠Rß≠nÍ° ? ºl°cºl≠Rß≠nÍ°≠XöV≠Hz≠n‹≠W~gkbÁ  Hz≠ìöd≠ã≠öRßnß°cßEΩWd≠Hz≠ñöF≠díöc≠

A÷®E≠T£AΩLg≠Hz≠ìöd≠ãöRß≠A©j≠zmEÚ ? ºR°≠jz≠éöV≠nÍ°≠Hz≠gA¬Q:≠L©FÅ÷ö ?

Bz≠E≠º‰Äöb≠ºV‡≠Hz≠g‹≠Vz‹Z~≠ºìöUVˆb´c≠ ΩLg≠WA‰ìöcZ°≠Äöddíöc≠F©g≠Å÷öæV≠ìöd≠ãöRß≠A©jz≠mEÚ

V~E≠ìödãöRß≠nß°≠cßE≠¿

 1 .  jR”®≠W‹QE

≠º‰WªW≠ºU∫WÄöddíöc≠F©gÅ÷ödjz≠Eìöd≠ãöRß≠A©j≠zmEÚ V~Eìöd≠ãöRß≠A©j≠z≠mEÚ ºU∫W≠V£E≠Äöddíöc≠

æV≠ìöd≠ãöRß≠nß°cß≠E≠ V~Eìöd≠ãöRß≠A©jz≠mEÚ¿

2  .  F‹ºQ‡L£E≠T©ºTÕ ≠

• ìöd≠ãöRßA©jz≠mEÚéöV≠Z°d≠‰W≠ºaTC•A©j≠zmEÚ≠W©≠ΩgV~EA©≠jz≠mEÚb~V≠W©≠Ωg¿ ìödãöRß≠A©j≠zmEÚ≠W©≠Ωg 

WE¡ºm°E≠Z°≠ñöR©b≠‰W≠ºaT≠BßkÅ÷ööV~EéöVñöR©bb´c≠éöV≠F‹≠Q©gºn≠m~F≠‰R®E≠≠≠≠BÁz‹E≠ºU∫W≠V£EñöR©b≠

b´c≠ºT∫RWºE¡°RHz≠WV‘®AW©AV~ELA ºVÕçöC≠é¬öE›A÷®E≠b©≠ºgCßg(L©F≠Hz≠ñöb©≠JzAÚ  ΩLg≠≠

ñöR©b éöV≠F‹≠Q©g≠ºn≠m~F≠‰R®EBÁz≠‹EHz≠EñöR©b )¿ F‹≠ΩQA≠ìöd≠ãöRß≠A©j≠z≠mEÚb~V≠W©≠Ωg≠ 

WE¡≠ºm°E≠Z°≠ñöR©b‰W≠ºaT≠L©F≠Å÷ö≠≠fZ°≠ñöR©b‰W≠ºaTBßk≠Å÷öΩLg≠éöV≠F‹Q©gºn≠m~F≠‰R®E‰W≠l≠z≠AÚ≠

‰WΩl≠gÅ÷ö ( L©FHz≠ qk‚ıVnßAkß°≠ΩkV  ,  AÁd ≠, ºbäöV ≠ )¿

• ìödãöRßnß°≠cß≠EWE¡≠ºm°E≠Z°≠çöC≠gÓ~R≠ΩLg≠éöV≠WV‘®AY‘®c≠Å÷ö L©F≠Hz≠   

 ¿

• ÄöddíöcF©g≠Å÷ödjz≠E≠ìöd≠ãöRßA©j≠zmEÚ V~E≠ìöd≠ãöRß≠nß°cßE≠ºA°R≠ºm°E≠ºLz≠cìödWV‘®A≠W©≠Ωg 

dWkÚ≠ìödãöRß≠A©jz≠mEÚ V~E≠WV‘®Aj~H»éöV fnj~H»≠éöVdWkÚ≠ìöd≠ãöRß≠nß°cß≠E¿

BiesaFn_karrlaycUlrvagsarFatukUv"aLg'nigsarFatuGuIy"ug

NaCl( )

NH3

N H

O( 2 ) C( l2 ) C( H4 )

NaCl Na+ Cl–,( ),

MgCl2 Mg2 + 2Cl–,( )For

L©FHz≠ qk‚ıHz≠ q

nß°≠cß≠EWE¡≠ºm°Enß°≠cß≠EWE¡≠ºm°
22 ++Mgg22 +

M
PTC-E

bo
ok

s ìöd≠ãöRß≠A©j≠z≠ìöd≠ãöRß≠A©j≠z≠

mEÚ≠W©≠ΩgEÚ≠W©≠ΩgV~EV~EAA

V~EéöVñöR©bb´EéöVñöR©bb´

V~ELA ºVÕçöV~ELA ºVÕçö

n≠m~F≠‰R®EBÁz≠‹En≠m~F≠‰R®EBÁz≠‹

aT≠L©F≠Å÷ö≠≠fZ°aT≠L©F≠Å÷ö≠≠f °

m~F≠‰REBz≠m~F≠‰REBz≠

Only

Å÷öæV≠ìöd≠ãöRß≠A©æV≠ìöd≠ãöR
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3  . ké·ödZ~≠ºìöUVˆ

• qWAdQˆ : ΩAjHıdF‹V´V 4 FE¡£‡k‰éöWÚ≠A©dF‹V´Vö4 ìÁöW≠‰K≠J®z‹Xöc≠ö1

• ìöd≠ãöRß≠C°b° : T£A≠kßT’ö1LW    k¡kd(ìöAÚ≠Äöd©kö)  1ìÁöW‰K≠   º‰WE≠ìö‹E‰WΩlg≠    

                  10 ≠ b°g°g°°°‰R≠≠  n‹W~gkbÁ  1ìÁöW‰K≠¿

4  . L‹≠ºQ°d≠Äöd≠Z~ºì≠öU

• ÑöAÚ≠T£A≠kßT’F©g≠ºTÕ≠A÷®E≠ΩAj≠Tz‹E≠W´V (ΩAj A, B, C V~E D) ‰W≠Ωlg≠AVÁ≠‡≠ΩAj¿

• jz≠gÚ≠T£A≠kßT’ö1ìÁöW‰K≠ d´F≠Lz≠AÚF©g≠ºTÕ≠A÷®E≠ΩAj A d´F≠kºE¡R≠ºb°gV~E≠ARÚ≠‰äögT’≠Yg≠Lz≠AÚ≠

A÷®E≠äöëöEBz≠E≠º‰Äöb¿

• ºUÍ°≠L©F≠L‹≠QzAÚ≠ÄögT°ö2öΩLd ºLz≠c≠Lz≠AÚk¡dkö1≠ìÁöW≠‰K≠ºTÕ≠A÷®E≠ΩAj B d´F≠cAFE¡£‡≠A©ddc:≠

ºZg≠ö30 ≠j~≠Vz≠T°¿≠ kºE¡R≠ºb°≠g V~E≠ARÚ≠‰äögT’≠Yg≠F©gA÷®E≠äöëöE≠Bz≠Eº‰Äöb¿

• ºUÍ≠°L©F≠AdQ°≠Lz≠AÚ≠k¡dΩLd F‹ºK≠‡º‰W≠Eì≠ö‹E V~E≠n‹≠W~gºLz≠cLz≠AÚºTÕ≠A÷®E≠ΩAj C V~EöDºd∫E≠

Å÷ö¿

5  . gT’≠Yg

ΩAj díöc b~V≠díöc

   A WΩV”bT£A

     B WΩV”bk¡dk

   C WΩV”bìö‹E

   D WΩV”bn‹W~g

N( aCl )

ΩAjΩAj

AA WΩV”bT£A WΩV”bT£A

WΩVbV

orF
M

PT
M

TC-EE
bo

ok
s

TÕ≠A÷®E≠®

F©gA÷®E≠äöëöE≠gA÷®E≠äöëöE

E≠n‹≠W~gºLz≠cW~gºLz≠c

TC-E-EC-ECC

Only

VÁ≠‡≠ΩAjAj

V~E≠ARÚ≠‰äögT’≠YARÚ≠‰äögT’

E≠ΩAj ΩAj BB d´F
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6 .  Z~çöAîö

A. ºR°≠T£AHz≠ìödãöRßA©j≠zmEÚW©≠Ωg≠ fb~V≠W©≠Ωg ? ºl≠Rß≠nÍ° ?

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

B. ìöAÚ≠Äöd©kéöVd©bV“  V~E≠äöbdc:≠gT’≠Yg≠Z~ºìöUVˆ  ºR°≠jz≠Hz≠ìödãöRß≠nß°≠cß≠E≠

   A©j≠zmEÚW©≠Ωg fb~V≠W©≠Ωg ? F©d≠ZV„gÚ ?

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C. äöbdc:≠gT’≠Yg≠Z~ºìöUVˆ  ºR°≠n÷AC~R≠Sz≠n‹≠W~g≠ñöFdíöcA÷®E≠º‰W≠Eìö‹EΩLd fºT ? 

   ºlRß≠nÍ° ?

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

D. F‹ºK≠‡ÄöddíöcA÷®E≠T£A F©dºd∫≠WëöWÚìöd≠ãöRßºYÎE≠ºT∫RΩLg≠éöV≠gA¬Q:L©F≠º‰WE≠

    ìö‹E¿

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C12H22O11

• ìödãöRßΩLgéöVT‰bEÚHzb©≠ºgCßgA©j≠zmEÚU‹›

- éöVk°Rß≠QÏ≠çöZdíöc V~Ed‹≠Zß‡≠B⁄≠kÚ

- b~V≠díöc≠A÷®E≠T£A

- b~V≠FbÁEFdV“≠nC√~kV°≠ (ºg°A≠ΩgE‰Äöa°R)

- éöV≠k≠çöZd£E≠BÁz≠‹E (ºg°A≠ΩgE‰Äöa°R)

• ºVÕ≠A÷®E≠ºíöl:ãöRß éöVnß°cß≠Ej~H»éöV V~E≠ºn≠m~F≠‰R®E≠ºkd°¿

• kb⁄ıV’≠ºíöl:Hz≠AéÁö‹ET‹Vz≠Jdjz≠E≠nß°≠cß≠Ej~H»≠éöVdWkÚ≠ºíöl:V~E≠ºn≠m~F≠‰R®E≠nj~H»≠éöV¿

• kb⁄ıV’≠ºí≠öl:éö‹≠BÁz≠‹E L©F≠ºV‡ºT°W≠ºíöl:≠éöV≠k°≠Rß≠QÏ≠çöZd≠íöc V~E≠d‹Zß‡≠B⁄≠kÚ¿

• ºíöl:≠ñöFFbÁE≠FdV“≠nC√~≠kV°XöV≠ Z°º‰K≠‡jz≠éöV≠ºn≠m~F≠‰R®E≠ΩLg≠ñöFYÁ≠zkÚ≠T°≠XöV≠ºLz≠c≠

ºkd°A÷®E≠Lß‹ºíö≠l:¿

emeronseg≈b

Foríöl:ãöRß 

V’≠ºíöl:Hz≠A

l

Ebo
ok

s ΩLg≠éö

. . . . . . . . 

M
PTC-E Ú ‹Ú ‹gA©j≠zmEÚU‹›

Zß‡≠B⁄≠kÚ

(ºg°A≠Ωg

E (ºg°A≠Ω

bo
Only

ì ‹EΩLd fºT ì ‹EΩLd f

. . . . . . . . . . . 

é V≠gA¬Qé VgA
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1. ºR°≠gA¬Q:Qz≠BÁ‡æV≠‰Äöa°R V~E≠ºZ‰HΩLg≠ZV„gÚ≠Z°≠Äöd≠º‰W°≠‰XökÚdWkÚjzL©F≠Bz≠E≠º‰Äöb ?

A. ºZ‰Hº‰W°≠k‰éöWÚ≠B´E≠ºU‚J

B. ºZ‰H≠º‰W°≠k‰éöWÚÄöRÚ≠AKΔ≠AÚ

C. ‰Äöa°R≠º‰W°≠Hz≠ºn≠m~F≠‰R™Rk‰éöWÚTz≠JcA≠ºíöl:ñögßcb°≠J™≠b

D. ºZ‰H‰R™j≠XöVºC≠º‰W°≠ºUÍ°≠Hz≠AKΔ≠AÚWEÓ¨FæV≠èöV≠nj≠ÄökÅ‚öV≠bVßkÎ≠Fß‡≠ºVÕ≠aZZßU ºl°c≠

≠≠ k≠°Rß≠QÏ≠ç≠öZæY‘≠Bz≠E≠º‰Äö¤≠≠≠≠≠≠C• ¿

2. ºl≠Rß≠nÍ°XöVHz≠k‹≠WA‰A™FS‚°≠›≠éöV≠AÁ≠~V Wß≠ΩV“≠n‹≠W~g≠ΩWdHz≠Å‚öV≠AÁ≠~V ?

3. ñögßc≠b°≠J™bn≠ßA≠kß°R C•≠Hz≠k≠éökãöRßn≠ß°cß≠E¿ jzHz≠nE√ãöRßd£E≠ºCº‰W°≠Hz≠nß°k©≠mEÚ≠nC√~kV°¿ 

ºl≠Rß≠nÍ°XöV≠Hz≠jz≠b~V≠FbÁE≠FdV“≠nC√~≠kV° V~E≠A÷®E≠gA¬BQœnÍ°≠ΩLgjz≠ñöFFbÁE≠FdV“≠≠nC√~kV°XöV ?

4. äöëöEBz≠E≠º‰ÄöbV~èöcn‹Z°Äöd≠FbÁE≠FdV“≠nC√~kV°dWkÚ≠ìödãöRßW°≠‰W≠ºaT :

A. ºR°ìödãöRß≠Qz≠b´cHz≠kéökãöRßnß°cßE≠ ?

B. ºR°ìödãöRß≠Qz≠b´cHz≠ºí≠öl:?

C. ºR°ìödãöRß≠Qz≠b´cWE¡ºm°E≠Z°≠b©≠ºgCßgA©jz≠mEÚR©F≠› ?

5. ºkk„™b  C•≠ãöRßºVÕ≠A÷®E≠‰A®b I æV≠äöëöE≠B´W¿

A. ºR°≠jz≠éöV≠ºn≠m≠~F‰R®E≠Wß≠V‚zVºVÕ≠‰kTz≠WÚ≠º‰Äö¤≠WEÓ≠kÚ ?

B. F©dkdºkdd©WbV“n≠ß°cßEdWkÚ≠jz≠¿

C. F©dkdºkd≠d©WbV“≠n‹≠W≠~gAÁ≠d´dWkÚ≠jz≠¿

D. F©dkdºkd≠d©WbV“≠n≠ßA≠kß°R≠dWkÚ≠jz≠¿

E. F©dºd∫W≠ëöWÚ≠Z°≠kAb‚≠çöZC°b°≠dWkÚ≠jz≠¿

ìödãöRß
ÄödFbÁE≠FdV“≠nC√~kV°

ºZg≠Hz≠nE√ãöRß≠d£E ºZg≠Hz≠nE√ãöRß≠ëöj

  b~VFbÁEFdV“   b~VFbÁEFdV“

  b~VFbÁEFdV“   FbÁEFdV“

  FbÁEFdV“   FbÁEFdV“

sMNYrniglMhat'

500°C

A

B

C

Cs( )For
 ìödãöRß≠QãöR

ºR°ìödãöRß≠QºR°ìödãöRß≠Q

k„™k„b b ((Cs

M
P

Rß≠Qz≠b´cHzRß≠Qz≠b´cHz

QzbQzbM
PT  FbÁEFbÁEFF

M
PTCb~Vb~VFbÁEFbÁEFdFdC-EFbÁEFbÁEFdV“FdV“ Ebz≠nE√ãöRß≠d£EnE√ãöRß≠d£EEbo

o
ÄödFbÁE≠FdÄödFbÁE≠Foo

ks
QœnÍ°≠ΩLgjz≠ñQœnÍ°≠ΩLgjz

dWkÚ≠ìödãöRßkÚ≠ìödãöR
oo

EbE
CT

M
P

Only

Õ≠aZZ

d£E≠ºCº‰W°≠Hz≠nß°E≠ºCº‰W°≠Hz

ñ FF
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I. F©dC©kkKÀzö✓A÷®E≠‰WnWÚBzEbßB≠FºbÁ°c≠b´c≠ΩLg≠‰R£b≠‰R™j

1.  ºR°≠kéökãöRß≠nß°cß≠EQz≠b´cΩLg≠≠AéÁö‹E≠ºn≠m~F≠‰R™ì“öT~F≠djz≠Enß°≠cßEdWkÚ≠jz≠BÁz‹E≠Hz≠E≠ºC ?

A. g°F©bnßAk°ßR B. éöºJk„™bnßA≠kß°R

C. k©L„™bAÁd´ D. W©≠äök„™b≠AÁd´

2.  ºR°≠C©≠ãöRß≠Qz≠b´cΩLg≠WºE¡°RXöV≠kéökãöRßΩLgéöV≠kéöéö‰R≠ñöR©b 1:1 ?

A. éöºJk„™b V~EAÁd´ B. k©L„™b V~EnßA≠kß°ΩkV

C. W©≠äök„™b ≠V~E≠aÁ®c≠nd D. g°F©b V~E≠ì⁄öVÚUıd

3.  çöC≠gÓ~RΩLg≠éöVö20 ≠‰W™RßE 20 ≠Q•≠‰R®E V~Eö18 ≠ºnm~F≠‰R®E≠C•Hz≠

A. nß°cßE≠j~H»≠éöV ≠≠≠≠≠≠≠≠              B. ŹA≠ñöm™ΩkV

C. ñöR©b≠ºíöl:               D. nß°cßE≠nj~H»≠éöV

4.  kéökãöRßΩLg≠b~V≠ΩbV≠Hz≠nß°≠cßE‰WΩlg≠Hz≠

A. ºA°R≠Z°≠ãöRß≠nºíöl:Z°d            B. ìödãöRß≠éöV≠F‹QßFdíöc≠B⁄kÚ

C. díöcA÷®E≠T£A          D. FbÁE≠FdV“≠nC√~kV°ºZg≠díöc≠ºLz≠cAºé“ö¤

5.  A÷®E≠F‹≠ºQzbk≠éökãöRßBzE≠º‰Äöb ºR°≠n‹≠Q‡≠n‹≠Qz≠E≠Z°A‹Qkb⁄ıV’nß°cßE≠Qz≠b´c≠ΩLg≠≠b~V≠≠‰R£b≠

‰R™j ?

A.  : éöV≠ÄödºY‘d 1 ºnm~F≠‰R®E

B.  : éöV≠ÄödºY‘d 2 ºnm~F≠‰R®E

C.  : éöV≠ÄödºY‘d 4 ºnm~F≠‰R®E

D.   : éöV≠ÄödºY‘d 2 ºnm~F≠‰R®E

6.  F©dZ~V~R„äöëöEº‰WªWºU∫W≠gA¬Q:≠≠ìödãöRßéöºJk„™baÁ®c≠nd´V~EaÁ®c≠ndBzE≠º‰ÄöbºV‡¿    

ºR°≠gA¬Q:‰REÚF‹QßFQz≠ΩLg≠b~V≠‰R£b≠‰R™j ?

sMNYrniglMhat'CMBUk 3

K + Cl–

Na +( )2O2 –

A( l3 + )2 O2 –( )3

Mg2 + Cl–( )2For

Eº‰WªWº‰Wª

r2 –2 –( )2 –2 –

2 +2 + ––(( ––

M
PTC-E

bo
ok

s A≠ñöm™ΩkVñ m™ΩkV

. nß°cßE≠nj~H»nß°cßE≠nj~H»

B. ìödB. ìöd

    D.    D. 

ºR°≠n‹≠Q‡≠n‹≠QºR°≠n‹≠Q‡≠n‹≠Q

V≠ÄödºY‘d ÄödºY‘d 1 1 

 : éöV≠Ä : éöV

EE
C-EC-E

Onlykß°ΩkVΩkV

ì⁄öVÚUıdVÚUıd
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II. k‹Q´d≠‰R~‡≠d~‡

1.  A. F©dkdºkdd©WbV“≠‰WºaT≠C°b°≠ nß°cßEV°‰äöR≠V~Enß°cßEÄöW©Qz≠R¿

B. ºíöl:k“ß®EF©bWºE¡°R≠Hz≠nß°≠cß≠EéöVV~b~R“kKÀz≠ ¿ F©dkdºkdd©WbV“≠k≠éök≠ãöRß≠≠

≠≠   k“®EF©bnßA≠kß°R k“®EF©bAÁd´ V~Ek“®EF©bV°‰äöR¿

2.  kß°g°k„™bN~RºVÕ≠º‰Äöb≠ãöRß≠ÄöW©VºVÕ≠A÷®E‰A®b IV æV≠äöëöEB´W¿ äöëöEBzE≠º‰Äöb≠ºV‡≠≠WEÏz≠J≠

Z°F‹QßFdíöc≠ V~EF‹QßFd‹Zß‡æV≠kß°g°k„™b ÄöW©V (ºZ‰H) V~E≠nßA≠kß°≠RdWkÚ≠jz¿

A. ºVÕ≠k°Rß≠QÏ≠çöZWV‘WÚ  ºR°≠‰WºaT≠C°b°≠Bz≠E≠ºg°ºV‡N~R≠A÷®E≠çöZd©W≠nÍ° ?

B. ºR°≠T‰bEÚdWkÚ≠ÄöW©V (ºZ‰H) Hz≠T‰bEÚ≠b©≠ºgCßgA©©j≠zmEÚU‹›fT‰bEÚb©≠ºgCßgUb‚äö ?

C. ºR°≠n÷A≠C~RM≠Sz≠ kß°g°k„™b≠éöV≠T‰bEÚ≠Hz≠nÍ° ? F©dZV„gÚ¿

D. ºVÕ≠k°≠Rß≠QÏ≠çöZWV‘WÚ ºR°≠nßA≠kß°R≠Tz‹E≠Z°d≠ºV‡≠N~R≠A÷®E≠çöZd©W≠nÍ° ?

gA¬Q:

éöºJk„™baÁ®c≠nd´ aÁ®c≠nd

A
Hz≠nE√ãöRßFbÁEFdV“≠nC√~kV°≠XöV≠ºZg≠≠díöc≠  

ºLz≠c≠Aºé“ö¤≠

Hz≠nE√ãöRßb~V≠ñöFFbÁEFdV“≠nC√~kV°XöV

B Hz≠nE√≠ãöRßd£E≠ºVÕ≠k°Rß≠QÏ≠çöZWV‘WÚ Hz≠qk‚ıVºVÕ≠k°≠RßQÏ≠çöZWV‘WÚ

C WE¡ºm°EHz≠b©≠ºgCßg WE¡ºm°EHz≠WQ“z≠J≠‰Äöb

D éöV≠k°RßQÏçöZdíöc≠B⁄kÚ éöV≠k°≠Rß≠QÏ≠çöZ≠díöc≠Tz≠W

ìöd≠ãöRß V~b~R“kKÀz fd©WbV“ F‹QßFdíöc F‹QßFd‹Zß‡ 

ÄöW©V

kß°g°k„™b

ÄöW©VO°≠nßA≠kß°R ºl°dºVÕ 

kß°≠g°k„™bO°≠nßA≠kß°R

Sr2 +

°°°°C( ) °°°°C( )

C 3730 4530

Si 1410 2400

CO2 78–

SiO2 1610 2230

20°C

kßRR

„™bO°≠nßA≠kß°„™bO°≠nßA

r
FoF

M
PTC-E

bo
ok

sEÄöW©Qz≠REÄöW©Qz≠R

À ¿ ¿ 

F©bV°‰äöR¿F©bV°‰äöR¿

E‰A®bE‰A®b IVIVb  æV≠ä æV

kß°g°k„™b ÄöWkß°g°k„™b ÄöW

b~R“kKÀz fd©WR“kKÀz fd©W

M
C

PT
M

P
M

Srr2 +

Only

J≠‰ÄöbJ≠‰Äöb

çöZ≠díöc≠Tz≠Wdíöc≠Tz≠Wly
On
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3.  ºLz≠c≠C~RZ°≠çöZBßk≠Å÷öæV≠gA¬Q:≠d©WV~E≠T‰bEÚdWkÚ≠ºZ‰H ‰Äöa°R V~E≠ºíöl: F©d≠ZV„gÚ≠Sz≠ºl≠R≠≠≠ß≠

nÍ°XöV≠Hz≠ :

 A. ‰Äöa°R≠‰R™j≠XöVº‰W°≠Hz≠WQ“™g≠ºB‚Õ≠æL ?

≠ B. ºZ‰H≠‰R™j≠XöV≠ºC≠º‰W°≠Hz≠qWAdQ̂≠k‰éöWÚ≠ÄöRÚ ?

 C. ‰Äöa°R‰R™j≠XöV≠ºC≠º‰W°≠Hz≠ºnm~F≠‰R™R ?

 D. TEÚΩLE≠‰R™j≠XöV≠ºC≠º‰W°≠Hz≠ΩBÎFbÁE ?

≠ E. ΩLA≠ΩSW‰R™j≠XöV≠ºC≠º‰W°≠Hz≠º‰CØE≠Aºé“ö¤≠ ?

For
 M

PTC-E
bo

ok
s O

nly
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qWAdQ̂≠º‰W°≠‰XökÚöV~Eº‰CØEWd~ºçöCb´c≠F‹V´VU‹‰R™jXöV≠Yg~R≠ºFJ≠n‹Z°≠kéök≠ãöRß≠kd°≠ëöE√≠

L©FHz≠ : S÷z≠‹≠ºZT„ T£A≠nWÚ ìöW©˙ W‹ZE≠ÚT£A ‰W≠nWÚ≠Lz≠AÚ≠bÏ™W≠ñölzd . . .¿

C°b°≠kd°ëöE√Hz≠ìöBz≠æV≠C°b°ΩLg≠k~Aîön‹≠Z°≠k≠éök≠ãöRß≠ΩLg≠éöV≠ãöRß≠ÄöW©V≠F©g≠YÎ≠‹≠¿ kéökãöRß≠

Tz‹E≠ºV‡≠éöVºVÕ≠A÷®E≠Ub‚≠Hz≠R~fXöV≠bAZ°≠j~≠U°≠k‹≠ºèöC≠¿≠ A÷®E≠H‹≠Z©A≠ºV‡≠ºc°E≠V£E≠k~Aîön‹≠Z°≠kéök≠ãöRß≠

ΩLg≠YÎ≠‹≠ºLz≠c≠ÄöW©V≠V~E≠nß°°≠‰L™≠ΩkV¿

CMBUk KImIsrIrag 4

ìöW©˙ìöW©˙

ìöW©˙

T£AnWÚ
k¡d‰ÅöWÚ

emeronTI 1 Ó e®bgkatnig≤nÏnÓ

emeronTI 2 Ó 

emeronTI 3 Ó 

emeronTI 4 Ó 

GIu®d¨kabYEq˝t Ó Gal'kan

GIu®d¨kabYminTan'Eq˝t Ó Gal'EsnnigGal'sIun

GIu®d¨kabY®behIr Ó bg'Esn

For
 ÄöW©V≠V~EW©V≠V

emem

M
PTC-ECØEWd~ºçöCb´cCØEWd~ºçöC

ìöW©˙ W‹ZE≠ÚT£A ìöW©˙ W‹ZE≠ÚT£A 

z≠æV≠C°b°ΩLg≠z≠æV≠C°b°ΩLg≠

Ub‚≠Hz≠R~fXöVUb‚≠Hz≠R~fXöV

E≠nß°°≠‰L≠nß°°≠‰L
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1 .        º‰WEÄöR : ‰W≠aZæVnß°≠‰L™≠ÄöW´

º‰WEÄöR≠V~E≠qk‚ıV≠Ub‚≠Hz≠R~≠éöV≠ºL°≠b≠

A‹ºQ°R≠≠Z°≠b°≠‰A™≠ìödK≠E√≠Äöc≠ΩLg≠dkÚ≠ºVÕ≠A÷®E≠

kbß‰TëöWÚ≠íöV≠Ö÷ö‹≠AVÁE≠bA≠ºl°c¿≠≠ L‹W©E≠≠≠≠ìöA

kZb°≠‰A™≠ìöd≠KE√≠Äöc≠ãÁöAÚºTÕ≠Cd≠Y“®‹≠Å÷ö≠ºVÕ≠XöR≠

kbß‰THz≠b´c≠Aºb‘F≠A‹≠Q≠ºYÎE›¿≠ º‰Äöbn‹≠ºZ°≠

æV≠k°RßQÏ≠çöZ≠≠V~E≠ké⁄öU≠B⁄≠kÚ≠ ‰Zb≠Tz‹E≠Å‚öV≠nßA≠

kß°≠ΩkV≠ ìöA≠kZ≠≠b°≠‰A™≠ìödK≠E√≠Äöc≠Tz‹E≠ºVz‡≠

‰R™jXöVW‹≠ΩWA≠ãöRß≠c•R›≠ºl°cW‹≠ΩWÁE≠ºTÕ≠Hz≠

º‰WE≠ÄöRV~E≠qk‚ıV≠≠Ub‚≠Hz≠R~¿ º‰WE≠ÄöR≠V~Eqk‚ıV≠Ub‚≠Hz≠R~ ΩLg≠AºA°R≠bA≠ºV‡≠N~R≠ºVÕ≠FºVÁz≠‡‰kTz≠WÚ≠

k~≠íöb~V≠‰Hz≠WT£AV~E≠º‰Äöb≠ké⁄öU≠BÁz≠‹E¿ ºLzc≠ìöd≠éöV≠FgVz≠k‹WA≠ΩYV≠L°≠ jzAÛ≠Y“®‹≠Å÷öA÷®E≠k~íöÇÁö‹E

(d©WT°ö1)¿ö

º‰WE≠ÄöR≠≠≠≠ qk‚ıVUb‚≠HzR~ V~E≠U„™≠ES‚≠ ºlÕ≠Sz oV’V:≠Y©kß°g ºLz≠c≠ìöd≠jz≠AºA°≠R≠c•R›≠ ≠A÷®E≠

UdQ°≠Äög¿ º‰WE≠ÄöR≠V~E≠qk‚ıVUb‚≠Hz≠R~≠ Hz≠‰W≠aZ≠Sz≠b≠ZgV~EjR”®≠ãöRß≠ºL°b≠k‰éöWÚ≠Yg~R≠jR”®≠º‰W°≠

‰XökÚ≠èöEº‰F°V¿

1
emeronTI

e®bgkatnig≤nÏnÓ

  

  ❒  ºd∫W≠ëöWÚ≠Z°≠dºW∫W≠A‹≠QA‹≠ºQ°RæV≠º‰WE≠ÄöR≠V~Eqk‚ıV≠Ub‚≠Hz≠R~¿

  ❒  ºd∫W≠ëöWÚ≠Z°≠k≠éökçöZº‰WE≠ÄöR≠V~Eqk‚ıVUb‚≠Hz≠R~¿

  ❒  ZQ¯Vz≠Z°≠j~U°≠F‰éöJÚº‰WE≠ÄöR≠ (j~U°≠W‹≠Q~R)¿

FWÚºbºd∫VºV‡≠ k~kÎñöF

d©WT°öööö1 : nQ“™E≠º‰WE≠ÄöR

qk‚ıVUb‚HzR~

º‰WEÄöR

T£Aæ‰W

k°íöb~V
‰Hz

WT
£A

For

‰A™≠ìödK

Rß≠c•R›≠ºl°cRß≠c•R›≠ºl°c

k‚ıV≠≠Ub‚≠Hz≠R~k‚ıV≠≠Ub‚≠Hz≠R~

V~EE

M
PTC-EìöAìöA

ºVÕ≠XöR≠ºVÕ≠XöR≠

¿≠ º‰Äöbn º‰Ä ‹ºZ°‹ºZ°nn

 ‰Zb‰Zb≠Tz‹E≠Å‚ö≠Tz‹E≠Å‚öbb

dK≠E√≠ÄöcK≠E√≠Äö

bo
ok

s OO
nlyO
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º‰WE≠ÄöR≠V~Eqk‚ıVUb‚≠Hz≠R~ÄögQz≠jzd°E≠

k≈¨R ≠jz≠b~V≠≠≠ñöFAºA°≠R≠ºm°E≠ìöHz≠S‚°≠ºT¿ R‰b™j≠Äöd≠

º‰WE≠ÄöRV~Eqk‚ıV≠Ub‚≠Hz≠R~≠ºA°V≠ºm°E≠Hz≠ºd∫E≠ëögÚ≠

æS≈¿ kZÍ≠æS≈≠ºV‡≠ºC≠A‹≠ZßEΩkÍE≠dA≠‰W≠aZSz≠bZg≠

ºYÎE≠ºT∫R ºL°b◊°≠H‹≠V´k≠≠Sz≠b≠ZgoV’V:Y©≠kß°g L©F≠

Hz≠≠≠≠≠≠SzbZg≠ΩLg≠≠X≠öV≠bAn‹≠Z°≠H°jqk‚ıV ºn≠äö≠Qßg≠

ºnΩk‘ . . .¿

1 . 1        ãöRß≠≠≠≠≠≠WE¡≠º‰WE≠ÄöR≠

º‰WE≠ÄöRºÖö¤≠Hz≠ìödãöRßºB‚ÕnV’≠~g (d©W≠T°ö2)≠¿ ≠jzHzg≠åöcìö‹≠J®z≠‹æV≠nß°‰L™≠

ÄöW´   (k≠éök≠ãöRß≠≠ΩLgYÎ‹≠ºLz≠c≠ÄöW©VV~E≠nß°‰L™ΩkV) º‰F°V≠‰WºaT≠ΩLg≠éöV≠

kéök≠çöZΩ‰W≠‰W¨gb~V≠A‹QRÚ¿ b©≠ºgCßg≠æV≠≠nß°‰L™≠ÄöW´≠ºVÕ≠A÷®E≠º‰WE≠ÄöR≠éöV≠

ñöR©b≠ÄöW©V≠≠ÑöWÚ≠Z°ö1 dl©R≠LgÚ≠º‰F°V≠HzE≠ö50¿ nß°≠‰L™≠ÄöW´≠ΩLg≠HzãöRß≠WE¡≠Tz‹E≠

ïöc≠æV≠º‰WE≠ÄöR≠ºÖö¤≠≠éöV≠k°≠Rß≠QÏ≠çöZ≠d‹Zß‡≠Bßk≠›≠Å÷ö≠¿≠ L©FºV‡≠ºC≠XöVnß°≠‰L™≠ÄöW´≠

Tz‹E≠ºVz‡ ºLz≠c≠ºUÍ°≠W‹≠Q~R≠≠‰W≠çöC¿

1 . 2        ≠≠ãöRß≠≠≠≠≠≠WE¡≠qk‚ıVUb‚HzR~ 

qk‚ıVUb‚≠Hz≠R~≠Hz≠gåöcæVn≠ß°‰L™≠ÄöW´Ω≠Lg≠b©ºgCßgjz≠éöV≠≠≠≠ñöR©b≠ÄöW©V≠ÑöWÚ≠Z°ö1ºTÕ≠LgÚö4¿

ãöRß≠WE¡≠k‹≠Bz≠VÚ≠æV≠qk‚ıV≠Ub‚≠Hz≠R~≠C•≠ºb≠äöV (‰WΩlg 90%)¿

 k≠éök≠çöZº‰WE≠ÄöR≠V~Eqk‚ıVUb‚≠Hz≠R~≠Ω‰W‰W¨gäöb≠T°≠AΩVÁEAºA°RdWkÚ≠jz¿

2 .        ÄödF‰éöJÚº‰WE≠ÄöR

º‰WE≠ÄöRºÖö¤≠ΩLgW©b≠bA≠Z°≠nQ“™E≠Ωd≠b~V≠

ñöFº‰W°≠Äöd≠XöV≠ºT¿ööL©FºV‡≠ºCÑö‹≠XöFÚ≠‰R™j≠

F‰éöJ≠Ú≠≠jz C•H‰b‡≠çöZb~V≠kßT’ (BîöFÚ T£A≠æ‰W

nß°≠‰L™≠ΩkVkß˙≠gY´ . . .) WV‘z≠WÚ≠bA≠ΩJA≠‰WºaT≠

nß°≠‰L™≠ÄöW´V~E≠W‹≠ΩgE≠b©ºgCßgnß°≠‰L™≠ÄöẂ¿

Ωdº‰WE≠ÄöRºVÕAb⁄≠®Hz

äöb≠Äöd≠‰ìöj‰Hz≠j Ab⁄®≠HzéöV≠A‹≠QWÚ≠≠≠Ωd≠

º‰WE≠≠≠≠≠≠ÄöRV~Eqk‚ıVUb‚≠Hz≠R~ΩLd≠¿ Ab⁄®H≠z≠V£E≠

ÑöWÚ≠ºY“°b≠Tz≠J≠Yg≠‰WºèöHVˆ≠≠Z°≠A‹≠QWÚ≠Ωd≠º‰WE≠

ÄöR≠ºVÕ≠ºZg≠nVzCRÖöWÚ≠›¿

d©WT°ö2 g‹≠l©d≠º‰WE≠ÄöR≠ºÖö¤≠

W‹ZEÚ≠W‹Q~Rº‰WE≠ÄöR≠
 30 000ºäöV≠A÷®E ºÖö¤XöV≠dl©RLgÚ≠ b´c≠æS≈¿ 

ºV‡≠ñöFW~Rº‰WE≠ÄöR≠d©WT°ö3

F‰éöJÚºF‰éöJÚ

‰WE≠ÄöRºÖ‰WE≠ÄöR

M
PTC-E

bo
ok

s

å

º‰F‰ °V≠‰WºaTV≠‰Wºa‰F

‰L™≠ÄöW´≠ºVÕ≠A÷®E≠ºÄ W´≠ºVÕ≠A÷®E≠

nß°≠‰L™≠ÄöW´≠ΩLß°≠‰L™≠ÄöW´≠ΩLn

k≠›≠Å÷ö≠¿≠k≠›≠Å÷ö≠¿≠  

å cæVn≠ß°‰L™≠ÄöW´å cæVn≠ß°‰L™≠Äö

Ub‚≠Hz≠R~≠C•≠ºb≠äUb‚≠Hz≠R~≠C•≠ºb

º‰WE≠ÄöR≠V~º‰WE≠ÄöR≠V~

Only

ìö‹≠J®z≠‹ìö‹≠Jz≠‹æV≠nß°‰LæV

Lg
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2 . 1      W‹≠Q~R≠‰W≠çöC≠æV≠º‰WE≠ÄöR

º‰WE≠ÄöR≠Hz≠gåöcnß°≠‰L™≠ÄöW´º‰F°V≠èöE≠¿

L‹QzAÚ≠≠Äög≠L‹W©EæV≠L‹ºQ°d≠Äöd≠F‰éöJÚ≠º‰WE≠

ÄöR≠C•≠ºC≠ΩJA≠≠nß°‰L™≠ÄöW´Hz≠‰A®b≠R©F≠›ΩLg≠≠≠éöV≠

k°≠Rß≠QÏ≠çöZ≠d‹≠Zß‡≠‰Wlz≠AÚ≠‰WΩlg≠Å÷ö¿≠ g‹≠Vz‹≠ºV‡≠

‰W‰Z£R“≠ºTÕ≠äöb≠WºFΔA≠ºTkΩLg≠ºlÕ≠Sz≠≠≠W‹Q~R≠≠

‰WçöC¿

A÷®EqkîölAb‚F‰éöJÚº‰WEÄöR≠ºC≠≠ºUÍ°≠

W‹≠ZEÚ≠W‹≠Q~R≠(d©WT°ö3) ΩLg≠éöV≠Szk≠Hz≠º‰F°V

(d©WT°ö4)¿ ºC≠LßR≠Aºé“ö¤º‰WE≠ÄöR≠ºÖö¤≠ºVÕ    ≠

k°Rß≠QÏ≠çöZ≠ö380°Cºl°c≠WK»™VºTÕ≠A÷®E≠W‹≠ZEÚ≠≠≠

W‹Q~R¿≠ F‹lzc≠ΩLg≠çöc≠ºm°E≠AHz≠ºJ°k≠ºVÕ≠

A÷®E≠Szk≠ΩLgéöV≠ºVÕ≠äöb≠S÷z≠AÚ≠V°b´c›¿ A÷®E≠

W‹ZEÚ≠W‹Q~R≠≠éöV≠k°RßQÏ≠çöZ≠Fß‡≠Hz≠g‹≠Lz≠WÚ≠Z°≠

º‰Äöb≠ºTÕ≠ºg°¿ ºVÕA‹≠Z©g≠W‹ZEÚ≠W‹Q~RºCTT´g≠

XöV≠qk‚ıV¿

º‰WE≠ÄöR≠ºÖö¤≠‰R™j≠XöVºC≠W~R≠Hz≠Z°d≠L‹Qz≠AÚC• W‹Q~R≠A÷®E≠Wd~èöÄök≠V~E≠W‹≠Q~R≠A÷®E≠kßKÀ≠Äök¿

- W‹≠Q~RA÷®E≠Wd~≠èöÄökHz≠W‹≠Q~RA÷®E≠ké⁄öUWd~èöÄök

- W‹≠Q~R≠A÷®E≠kßKÀ≠ÄökHz≠W‹Q~R≠º‰Äöb≠ké⁄öUºBîöc¿

ÄöAk‹≠QgÚΩLg≠b~V≠ñöFΩ≠JAXöVºVÕ≠W‹≠Q~R≠A÷®E≠Wd~èöÄök ºCWK»™Vjz≠ºTÕ≠A÷®E≠W‹≠ZEÚ≠W‹Q~R≠

A÷®E≠kßKÀÄökºL°b◊°≠W‹Q~R≠WV“ºT∫R¿

F‹lzc

d©WT°ö4 : Sz≠k≠ºVÕ≠A÷®E≠≠≠W‹≠ZEÚ≠W‹Q~R¿ FgVz≠ºm°E 

≠æVF‹≠lz≠c V~E≠FgVzFß‡≠æVnE√ãöRß≠ëöj¿

ëöj

F‹lzc

F‹lzc

ëöj

F‹lzc

ëöj

ëöj

For

À

ΩLg≠b~V≠ñög≠b~V≠ñ

L°b◊°≠W‹Q~R≠WV“L°b◊°≠W‹Q~R≠WV“

M
PTC-E

bo
ok

T´g≠T´g≠

R≠Hz≠Z°d≠L‹Qz≠AÚR≠Hz≠Z°d≠L‹Qz≠

kHz≠W‹≠Q~RA÷®kHz≠W‹≠Q~RA÷

Ä kHz≠W‹Q~Ä kHz≠W‹Q~

Ω

ks
 

okkok
d©WT°öd©WT°ö44 : S : S4 z≠kS

OnlyOnlyllOnlOnO
y

lzc
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2 . 2      C‹V©kW‹‰W¨Jg‹Vz‹W‹Q~Rº‰WEÄöRA÷®E≠qkîölAb‚

3 .        ‰ÄöC~J≠≠æVYg~RYgº‰W≠EÄöR

Äöd≠ºUÍ°≠W‹≠Q~R‰W≠çöC≠º‰WEÄöR ºCXöV≠Yg~R≠Yg≠U≈VÚ≠≠ (‰W≠çöCU≈VÚ)º‰F°V≠l´kZ°≠ºkFA“°≠‰R™j≠Äöd≠

ΩRºC≠‰R™j≠Äöd≠Yg~R≠Yg≠‰ìög (‰W≠çöC≠‰ìög) º‰F°V≠HzE¿ ºL°b◊°≠W‹≠ΩgE≠Yg~R≠YgU≈VÚ≠ºTÕ≠Hz≠Yg~R≠

Yg≠‰ìög ºC≠‰R™j≠nVßjR“≠j~U°≠ö‰ÄöC~J¿

3.1   V~cbVıc

‰ÄöC~JHz≠‰W≠R~≠WR“~Äöd≠W‹≠ΩWAb©≠ºgCßg≠U≈VÚ≠≠≠≠x„ºTÕ≠Hz≠b©≠ºgCßg≠‰ìögHz≠E¿ 

qTzldQˆ  È ‰ÄöC~J≠WEÚäöV≠

qk‚ıVº‰WEÄöR

ìö‹E

QzWÚäö

ºAd©ΩkV

-Yg~RYgC°b°

-nE√ãöRßd‹íöc

Äöì˙ögÚ

Z„™g

º‰WEÄöRºÖö¤

Yg~RYgC°b°

º‰WEZ„™g

W˙¢T©b

m ( 380°C)

Yg~RYgU≈VÚ

ÄöAk‹QgÚ

120°C

180°C

260°C

340°C

360°C

º‰WEd‹n~g

m ( 400°C)

d©WT°ö5 : L‹ºQ°d≠‰W‰Z£R“≠ºTÕ≠æV≠Äöd≠F‰éöJÚ≠º‰WE≠ÄöR

(º‰WEU≈VÚ)

AAAA÷ ÷÷÷® ®®®EEEEWWWWdddd~ ~~~èèèèööööÄÄÄÄöööökkkkWWWW‹ ‹‹‹ZZZZEEEEÚ ÚÚÚWWWW‹ ‹‹‹QQQQ~~~~RRRR

Yg~RYg
k‰éöWÚºUÍ°
‰ÄöC~J

Ú

25°C

U≈VÚ

AAAA÷ ÷÷÷® ®®®EEEEkkkkßßßßKKKKÀÀÀÀzzzzÄÄÄÄöööökkkkWWWW‹ ‹‹‹ZZZZEEEEÚ ÚÚÚWWWW‹ ‹‹‹QQQQ~~~~RRRR

C5H12 C→ 4H8 CH4+

2C5H12 2→ C4H8 C2H6 H2+ +

For

QR‰W‰

Ä d≠Yg~R≠Yg≠‰Ä d≠Yg~R≠Yg

ì g ºC≠‰R™j≠nì g ºC≠‰R™j≠n

M
PTC

Yg~RYgºg~RYg

‰W≠çöC≠º‰W‰W≠çöC≠º‰

EbEbEE
ok

s 
okkk

skskssokk

d©WT°öWT°ö55 : L‹ºQ° : L‹ºQ°

OOOnOn

Yg
k

AAAAAAAAAAAA÷÷÷÷®® ®®®®®® ®®EEEEEEEEEEEEkkkkkkkkkkkkßß ßßßß ßßKKKKKKKKKKKKÀÀ ÀÀÀÀKKKKÀÀ ÀÀzzzzKKKKKKKKKKKKKKKKzzzzKKKKKKKKKKKKKKKKKKKKKKKKKKKK ÄÄÄÄÄÄÄÄÄÄ kkkkkkkkRRRRRR
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3.2   nVßjR“V̂

Äöd≠ºUÍ°≠‰ÄöC~JYg~R≠Yg≠U≈VÚ≠ºVÕ≠k°Rß≠QÏ≠çöZ  º‰Äöbké⁄ö≠UV~EF‹ºK≠‡bßB≠Äöäög°Ad 

(kéökãöRß≠WºE¡°V≠ºg◊ØV≠‰W≠R~Ab‚) ºCTT´gXöVYg~R≠Yg≠k‹≠Bz≠VÚ≠›C• 

- º‰WEìö‹E

- ºbäöV ºn≠äöV ‰W™≠XöV Wß˙≠c≠äöV Hz≠qk‚ı≠VºG‡¿

- ºn≠≠≠≠≠ΩRV  ‰W™≠ΩW≠V  Wß˙c≠ΩRV  Wß˙cäöΩL„V HzjR”®≠ãöRß≠ºL°≠b≠k‰éöWÚqkîölAb‚≠  :  XÁ≠ök‘~F  

kd≠æk≠k‹ºèöC ºÄö¤≠k©˙ nE√ãöRß≠H‰b‡ S÷z≠‹≠ºZT„ . . .¿

500°C

S÷z‹kéÁöWÚ≠kRÍ≠gÓ~R

ºÄö¤k©˙k‹ºèöC

XÁ≠ök‘~F 

Äöj

S÷z‹≠íöW

QzWÚäö nE√ãöRßH‰b‡

S÷z‹≠ºZT„

º‰CØE≠k‹≠ñöE º‰WEìö‹E

d©WT°ö6 : Yg~R≠Ygkº‰bFΩLg≠TT´g≠XöV≠≠Z°°‰ÄöC~JQzWÚ≠äö

For
 

or
M

PTC-
TCC-E

bo
ok

s 

C-E
bo

ok
QzWÚäöQzWÚäö

oo
Ebo

PTTC

Only
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1  .  jR”®W‹≠QE

L‹ºm°EV~E≠W‹≠QA≠‰ìöc≠W‹Q~R≠gåöc≠≠ºn≠äöQßg≠V~E≠T£A¿

2  .  ké·ödZ~ºìöUVˆ

ΩAjXöm®EéöV≠ΩB÷E ºH°ET‰b F‹Zß‡≠Wß˙V≠k~V≠≠≠ ΩTb©ΩbR ΩAj≠Ωn˙m~V(ΩAj≠Xö≠m®E) ≠W‹≠ZE≠Úk°R≠Ad≠ 

WV‘‡ñöb˛EÚ ΩZEñöºÄö¿

3  . L‹≠ºQ°dÄöd≠Z~ºìöU

• L‹ºm°E≠qWAdQ̂L©F≠WEÏz≠J≠ºVÕA÷®E≠d©WT°ö7¿ ÑöAÚ≠

‰ìö  F©gA÷®E≠ΩAj≠Xö≠m®E≠éöV≠ΩB÷E Lz≠AÚ≠

AQ“AÚ≠ΩTb©Ωb≠Rx„F‹≠éöRÚ≠ΩB÷E≠Xöm®E

• LßR≠Aºé“ö¤S÷b›≠dl©R≠LgÚ≠Zß‡¿ IWÚLßR≠Aºé“ö¤≠ºZg≠

k°RßQÏ≠çöZÑöWÚ≠ºY“°bºA°V≠ºm°E≠b“E≠ºT∫R

• ‰REYg≠W‹Q~RºVÕ≠A÷®E≠ΩAj≠Ωn˙≠m~V¿

4  . gT’≠Yg

• ‰ìöÑöWÚ≠ºY“°bZß‡≠ºVÕ≠k°≠Rß≠QÏçöZ . . . . ¿

• cA≠Yg≠W‹≠Q~R≠ V~E≠‰ìöA÷®E≠ΩAj≠Xöm®E 2f 3L‹≠QAÚ≠LzAÚ≠A÷®E≠A©V≠ΩZE≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠≠ñöºÄöZ°d≠ºYÎE≠Å÷ö¿≠ WV‘zWÚ≠

bA≠l~R≠AÁ~V V~E≠LßR¿ ºR°≠jz≠ÖöWÚ≠ºG‡ΩLd≠≠ fºT ? F©d≠W‹≠ºZJ≠äöëöE≠BzE≠º‰Äöb≠ºV‡¿

AÁ~V ºG‡ b~V≠ºG‡

YgW‹≠Q~R

‰ìöA÷®E≠ΩAj≠Xöm®E

Ejkl∫ayeGtaNul nigTwktamviFIbMNit

T£AºÄ“ö¤≠qQœ›

‰ìö

k°RAd

T£A‰RHzAÚ

YgW‹Q~R

d©W≠T°≠ 7 È MZ~ºìöUVˆΩJAgåöc≠ºnäöQßgV~ET£A

50mL

°C

For

QR

R≠AÁ~V V~E≠LßRR≠AÁ~V V~E≠Lß

Fo
M

PTC-E
bo

ok
s

R≠Aºé“ö¤≠ºZg≠R≠Aºé“ö¤≠ºZg≠

E≠ºT∫RE≠ºT∫R

Ωn˙≠m~V¿Ωn˙≠m~V¿

ºVÕ≠k°≠Rß≠QÏçöºVÕ≠k°≠Rß≠QÏçö

~E≠‰ìö~E≠‰ìöV

okkkkkkkkkkkk
skskskskkkkokkokokokk

TT££

Only

(ΩAj≠Xö≠m®E) ≠WΩAj≠Xö≠m®E)
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5  . k‹Q´dZ~çöAîö

A. ºR°≠ºn≠äöQßgZß‡ºVÕ≠k°Rß≠QÏ≠çöZWß≠V‚zV ?

B. ºR°≠ãöRßWE¡k‹Bz≠VÚ≠æV≠Yg≠W‹≠Q~R≠C•nÍ° ?

C. ºR°≠k‹≠QgÚ≠ëöjºVÕ≠A÷®E≠ΩAj≠Xöm®E≠C•≠nÍ° ?

k‹ÅögÚ : - ºn≠äöQßg≠Zß‡≠ºVÕ≠k°Rß≠QÏ≠çöZ ¿

≠ - ºCñöFΩJAãöRß≠WE¡≠æV≠gåöc≠nE√ãöRßëöj≠ºFJ≠Z°Å÷öXöV≠ gß‡≠‰äöΩRk°Rß≠QÏ≠çöZd‹≠Zß‡æV≠

nE√≠ãöRßTz‹E≠ºVz‡≠Bßk≠Å÷öU‹≠Hz≠E ¿

1. F©dëöWÚ≠ºÜ‚ö‡≠oV’V:Y©≠kß°gTz‹EW°¿

2. ºR°≠nß°≠‰L™≠ÄöW´YÎ≠‹≠ºLz≠c≠ãöRß≠C°b°≠nÍ°≠BÁ‡≠ ?

3. ºR°≠º‰W≠EÄöRHz≠nE√ãöRßkßT’≠fHzgåöc ?

4. ºR°≠W‹≠Q~R≠≠‰W≠çöC≠º‰WE≠ÄöR≠ºC≠XöV≠‰WçöCk‹≠Bz≠VÚ≠›≠nÍ°BÁ‡≠ ?

5. F©dx„≠V~cb≠Vıc≠‰ÄöC~J¿

6. ºR°≠Qz≠WÚ≠äöHz≠jR”®≠ãöRßºL°≠b≠k‰éöWÚ≠ºUÍ°≠nÍ°≠BÁ‡≠ ?

78.5°C

10°C

• nß°≠‰L™≠ÄöW´Hz≠kéökãöRßkd°≠ëöE√≠YÎ≠‹≠ºLz≠cñöR©b V~E ¿

• º‰WE≠ÄöR≠ V~Eqk‚ıVUb‚≠Hz≠R~≠Hz≠oV’V:Y©≠kß°g¿ jzHz≠gåöc≠nß°≠‰L™≠ÄöW´≠ΩLgb~V≠ñöFºA°R≠ºm°E≠

j~J≠XöV≠ºT¿

• W‹≠Q~R≠≠‰W≠çöCæV≠º‰WE≠ÄöR≠TT´g≠XöV≠ qk‚ıVºG‡ ìö‹E≠ Qz≠WÚ≠äö Äöì˙ögÚ Z„™g (º‰WE≠U≈VÚ) 

º‰WEd‹n~g V~EW˙¢T©b¿

• ‰ÄöC~J≠Hz≠g‹Vz‹≠W‹≠ΩWAb©≠ºgCßg≠U≈VÚ≠ºTÕ≠Hz≠b©≠ºgCßg≠‰ìög≠Hz≠E¿

C H

emeronseg≈b

sMNYrniglMhat'

ForV’V:Y©≠kß°gT:Y©≠kß°g

W´YÎ≠‹≠ºLz≠c≠ãöW´YÎ≠‹≠ºLz≠c≠ãö

M
PTC-E

bo
ok

s 

PTC-E
bo

ok
s

åöc≠nß°≠‰L™≠Äö

ºG‡ ì E≠ì

VÚ≠ºTÕ≠Hz≠b©≠ºg

PT
MMM

Only

Rß≠QÏ≠çQÏ≠

O
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7. F©dC©kkKÀ≠z ✔ A÷®E≠‰W≠nWÚ≠BzE≠bßBFºbÁ°c≠Qzb´c≠ΩLg≠‰R£b≠‰R™j¿

A. º‰WEÄöR≠Hz≠oV’V:Y©kß°g Z°º‰K≠‡≠jz≠XöV≠AºA°R≠ëöWÚíöVÖ÷ö‹AVÁE≠bAºl°c≠Z° : 

≠ 1. dßA¬Hz≠R~ ≠ 2. kRÍ≠ìÁöW

≠ 3. LzcQ©kıd ≠ 4. b°‰A™≠ìöd≠K≠E√Äöc¿

B. º‰WEÄöR≠ºÖö¤Hz :

≠ 1. k≠éökãöRß≠kd°ëöE√≠kßT’ ≠ 2. gåöcnß°≠‰L™≠ÄöW´ëöj

≠ 3. º‰WE≠ÄöR≠k‹≠ëöWÚ≠LßR≠W‹≠aÁ• ≠ 4. gåöc≠ìö‹Jzß‹æV≠nß°≠‰L™≠ÄöW´

C. A÷®E≠F‹ºQz≠bìödãöRßBzE≠º‰ÄöbºV‡ ºR°≠Qz≠b´c≠ñöFºA°R≠ºm°Ej~J≠XöV≠ ?

≠ 1. H°jqk‚ıV ≠ 2. U„™E≠S‚

≠ 3. qk‚ıVUb‚Hz≠R~ ≠ 4. º‰WE≠ÄöR¿

For
 M

PTC-E
bo

ok
s

„™™

4. º‰WE≠Ä º‰WE≠kk
Only

W´ëöj

ì ‹Jzß‹æV≠nß°≠‰L™≠ÄöW´Jzß‹æV≠nß°≠‰L™≠Ä

m°Ej~J≠XöV≠ ?m°Ej~J≠XöV≠ ?

E≠S‚S‚
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8
≠¿

n≠ß°‰L™≠ÄöW´Tz‹≠Eïöc≠‰R™j≠XöV≠ΩWE≠ΩFA≠Hz≠‰A®b≠k‹≠Bz≠VÚ›≠

ºTÕ≠äöb≠‰WºaT≠≠kb⁄ıV’≠’≠ºVÕ≠FºVÁz‡≠ñöR©b≠ÄöW©V¿≠ nß°≠‰L™≠ÄöW´≠ΩGÓ≠R≠≠

L©F≠Hz≠ñögÚ≠ÄöV≠ C•WQ“znß°≠‰L™ÄöW´≠ΩLg≠≠ñöR©bÄöW©V≠V°b´c≠›≠

A÷®E≠b©≠ºgCßg≠jz≠ç»öWÚ≠ºTÕ≠ñöR©b≠ö 4 ºYÎE≠ºT∫R (ñöR©b  f 

)¿ L©FºV‡≠ñöR©b≠ÄöW©VA÷®E≠b©≠ºg≠Cßg≠ñögÚ≠ÄöV≠ç»öWÚ≠Å÷ö≠

ºLzc≠kb⁄ıV’≠≠b´c≠HzVÚ≠¿ ñögÚ≠ÄöV≠éöV≠d©WbV“≠T©ºTÕ 

≠≠ (  Hz≠F‹V´V≠CRÚ≠j~H»≠éöV)¿

qTzldQˆ : ºW°    ºbäöV  ,   ≠  ºn≠äöV ,    ≠

‰W™XöV ¿

1 .        Vz≠b≠jg°≠

1 . 1       Vzbjg°fºÜ‚ö‡≠ñögÚÄöV

 A. ºÜ‚ö‡ñögÚ≠ÄöVΩBÎ≠ºTz≠g

- ñögÚ≠ÄöVö4öR´≠L‹≠W©EéöV≠ºÜ‚ö‡≠Sz≠ ºbäöV ºn≠äöV ‰W™≠XöV V~EWß˙cäöV¿

- ÑöWÚ≠Z°≠R´≠T°ö5ºTÕ≠ºC≠‰R™j≠º‰W°≠WßZÍ≠WT≠‰A~FΩLg≠WK»z≠AÚ≠Z°F‹V´V≠ñöR©bÄöW©VV~E≠WF«~b≠WT “ñöV ”¿

emeronTI

2 GuI®dUkabYEq˝t Ó Gal'kan

  

   ❒  ZQ¯Vz≠XöVZ°T‰bEÚ≠ΩBÎ≠ÄöW©VA÷®E≠b©≠ºgCßgñögÚ≠ÄöV¿

   ❒  kdºkdd©WbV“≠V~EºlÕ≠ºÜ‚ö‡ ñögÚ≠ÄöV ¿

   ❒  kdºkdnß°≠k©ΩbΩBÎ≠ÄöW©V¿

≠≠≠   ❒  ZQ¯Vz≠XöV≠gA¬Q:d©W TºEÍ° V~EWº‰b°≠W‰éökÚ≠ñögÚÄöV¿

≠≠≠   ❒  kdºkd≠kb°≠ÄödRß≠g„≠Äöd≠‰WR~≠Ab‚≠F‹ºl‡≠kZÍV~E≠H‹≠V´k¿

FWÚºbºd∫VºV‡≠ k~kÎñöF

d©WT°ö1ö : ñögÚ≠ÄöV≠‰R™j≠XöV≠º‰W°≠≠≠≠≠≠≠≠≠≠≠Hz≠‰W≠aZ≠

 Sz≠bZg≠k‰éöWÚLßR≠Aºé“ö¤≠¿

C

H

CnH2n 2+ n

n 1= CH4 n 2= C2H6 n 3= C3H8

For
 

g°≠g°≠

M
PTC-E

bo
ok

s
Ä W´≠ΩGÓ≠R≠≠´ Ó

WV≠V°b´c≠›≠V≠V°b´c≠›≠

(ñöR(ñöR©©b  b  

g≠ñögÚ≠ÄöV≠ç»öWgñögÚ≠ÄöV≠ç»ö

é V≠d©WbV“≠T©ºTÕé V≠d©WbV“≠T©º

H»≠éöV)¿H»≠éöV)¿

    

ks
 

ks
CC

n     

Only
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äöëöET°ö1 : Vzb≠jg°≠ñögÚ≠ÄöV

  B. Vzb≠jg°WQ“®‹ñögÚ≠C°g

ºW°≠ºC≠LA≠ñöR©bnß°≠‰L™ΩkVb´c≠ºFJ≠Z°b©≠ºgCßgñögÚ≠ÄöV ºCXöVöWQ“®‹≠ñögÚ≠C°g¿ ºÜ‚ö‡≠

WQ“®‹≠ñögÚC°gXöV≠Z°ºÜ‚ö‡≠ñögÚ≠ÄöV≠ ºLz≠c‰ÅöVÚ≠ΩR≠H‹V´k WF«~bWTñöV ºLz≠c≠WF«~bWTnß°g≠j~J¿ 

qTzldQˆ : ñögÚ≠ÄöV WQ“®‹≠ñögÚ≠C°g 

: ºbäöV : ºbT°g

: ºnäöV : ºnT°g

: ‰W™XöV : ‰W™Z°g

  C. Vzbjg°ñögÚÄöV≠ΩBÎ≠ΩWA≠ΩB÷E

ºL°b◊°ºlÕºÜ‚ö‡≠ñögÚ≠ÄöV≠≠ΩBÎ≠ΩWA≠ΩB÷E ºC‰R™j≠nVßjR“äöbj~≠ãöV≠L©FRºTÕ 

• A‹QRÚ≠ΩBÎ≠ÄöW©Vºb C•≠ΩBÎÄöW©VΩjEHz≠EºC¿ ºÜ‚ö‡≠ΩBÎ≠ÄöW©VºbºV‡≠cAäöbºÜ‚ö‡≠

ñögÚÄöV¿

• A‹QRÚ≠nR“≠kKÀ≠zQWQ“®‹≠ñögÚ≠C°gΩLgHz≠ΩB÷E¿

• WEÚ≠ºgB≠ºd∫E≠ñöR©bÄöW©V≠A÷®E≠ΩBÎ≠ºb≠ ºL°b◊°≠A‹QRÚ≠kV‘kÎVˆ≠ñögÚ≠C°g¿ Äöd≠WEÚ≠ºgB≠‰R™j≠ºUÍ°≠

F‹V´VñöR©bÄöW©V n d©WbV“ WßZÍWT ºÜ‚ö‡

Å‚öV

Å‚öV

Å‚öV

Å‚öV

W≠EÚ

n~F

n~W

nßA

Q©

ºL

ºbäöV

ºn≠äöV

‰W©≠XöV

W˙ßc≠äöV

WEÚäöV

n≠~FìöV

n≠~WäöV

nßA≠äöV

Q©©©©QzV

ºL≠ÄöV

1

2

3

4

5

6

7

8

9

10

CH4

C2H6

C3H8

C4H10

C5H12

C6H14

C7H16

C8H18

C9H20

C10H22

Cn( H2n 2+ ) Cn( H2n 1+ )

CH4 CH3 –

CH3 CH3– CH3 CH2–

CH3 CH2 CH3–– CH3 CH2– CH2–

For
 

zbjg°ñögÚzbjg°ñögÚ

b◊°ºlÕ◊ºl

M
PTC-E

bo
ok

s 
FJ≠Z°b©≠ºgCßgFJ≠Z°b©≠ºgCßg

Ä V≠ ºLz≠c‰ÅöÄ V≠ ºLz≠c‰

ÄöV Ä V 

nßA

Q©Q©

ºLºL

bbo

CCnn(( H

CHCH4

CHCH33 ––

CC

Only

c≠ä

WEÚäöVWEÚäöV

n≠~FìöVn≠~FìöV

n≠~Wä~O
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èöEQz≠x„≠ñöR©bÄöW©VΩLg≠éöV≠ΩB÷EéöV≠ºgBºd∫ER©F≠Hz≠EºC¿

• ºW°≠éöV≠WQ“®‹ñögÚ≠C°gL©FÅ÷ö  ºC‰R™j≠º‰W°≠WßZÍ≠WT O°≠ ‰T° ºR≠‰äö . . . ¿

Äöd≠ºlÕ≠ºÜ‚ö‡≠ñögÚ≠ÄöV≠‰R™j≠ºlÕ≠äöbg‹Lz≠WÚL©FRºTÕ≠ 

1 . 2       T‰bEÚb©≠ºgCßg≠ñögÚ≠ÄöVEzc

  A. ºbäöV

ºb≠äöV≠éöVd©WbV“b©≠ºgCßgö ¿ ñöR©b≠ÄöW©V≠b´c≠≠FEkb⁄ıV’A©j≠zmEÚ≠Hz≠b´c≠ñöR©b≠nß°≠‰L™≠

ΩkV≠≠W´V¿ b©≠ºgCßgºb≠äöV≠éöV≠T‰bEÚUd≠Q°≠éö‰RHz≠FRß≠bßB≠V~cıRΩLgñöR©bÄöW©V≠k”~RºVÕ≠F‹YΔ~R≠  

FRß≠bßBV~E≠ñöR©b≠nß°≠‰L™≠ΩkVTz‹Eö4ök”~RºVÕ≠A‹≠Z©g≠Tz‹E≠W´VæV≠FRß≠bßBV~cıR (d©WT°ö2öB)¿
  

  B. ºn≠äöV

ºW°≠ºC≠H‹V´kñöR©b≠nß°≠‰L™≠ΩkVb´c≠æV≠b©≠ºgCßgºb≠äöV ºLzcWQ“®‹ºbT°g ºCXöV≠    

b©≠ºg≠Cßg≠ºn≠äöV  ΩLg≠éöV≠d©WbV“≠b©≠ºgCßg  (d©WT°ö3)¿

2 3 4 …,,

T°äö‹EkV‘kÎVˆTz‹E≠ïöcæV≠WQ“®‹ñögÚ≠C°g + ºÜ‚ö‡WQ“®‹≠ñögÚ≠C°g + ºÜ‚ö‡ΩBÎ≠ºb

CH3 CH CH3–– CH3 C– CH2– CH3–

2-ºbT°g≠‰W™XöV fºb≠T°g≠‰W™XöV 2,2 -O°ºbT°g≠Wß˙cäöV

2 3

CH3

CH3

CH3

1 1 2 3 4

qTzldQˆ≠ :

CH4

d©WT°ö2  A. C‹V©k≠äöEm•j°≠kb©≠ºg≠Cßgºb≠äöV B. T‰bEÚ≠FRß≠bßB≠≠b©≠ºgCßg≠ºbäöV C. C‹d©≠ÇÁöR≠≠b©≠ºgCßg≠ºb≠äöV

CH H

H

H

H

H

H

H

C

CH3–( )

CH3 CH3–( ) C2H6

d©WT°ö3 A. C‹V©k≠äöEm•≠j°kºn≠äöV B. C‹d©ÇÁöR≠≠b©≠ºgCßgºn≠äöV

CH H

H

H

C

H

H

For
 

kñöR©b≠nß°≠‰L™≠ΩkñöR©b≠nß°≠‰L™≠

ä V ä V ((CHCH

M
PTC-E

bo
ok

s 
c≠≠FEkb⁄ıV’A©FEkb⁄ıV’A©

FRß≠bßB≠V~cıRΩFRß≠bßB≠V~cıR

E≠W´VæV≠FRß≠bE≠W´VæV≠FRß≠b

T

gºb≠äöV B. Tºb≠äöV B. PTC-ECCC-
TCTC-
TC-C-EC-E
TC

PTC

H

H

Only

2 CH2

O°ºbT°g≠Wß˙cäºbT°g≠Wß˙cä
3
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  C. ‰W™≠XöV

ºW°ºCH‹V´kñöR©b≠nß°‰L™≠ΩkVb´cºLz≠c≠WQ“®‹ºbT°g≠b´c≠ºTÕ≠A÷®E≠b©≠ºgCßgºn≠äöV ºCXöV≠     

b©≠ºg≠Cßg‰W™≠XöV  ΩLg≠éöVd©WbV“b©≠ºgCßg    (d©WT°ö4)¿

ºW°≠ºC≠H‹V´kñöR©b≠nß°≠‰L™≠ΩkVºLzc≠WQ“®≠‹ºbT°g ≠ WV“ºT∫R ºC≠V£E≠XöV≠ºk˙d°æV≠kéök≠

ãöRß≠b´c≠ºlÕ≠Sz≠ ñögÚ≠ÄöV≠ΩLg≠éöV≠d©WbV“≠T©ºTÕ≠ ¿

 D. d©WbV“ºk‘°d≠íöRV~Ed©WbV“≠íöR

ºC≠V~cb≠äöEb©≠ºgCßgñögÚ≠ÄöV≠ºLzcd©WbV“≠íöR≠ V~E≠ºk‘°díöR≠L©FWEÏz≠J≠A÷®E≠äöëöET°ö2¿

äöëöET°ö2 : d©WbV“ºk‘°d≠íöR V~Ed©WbV“≠íöRdWkÚ≠ñögÚ≠ÄöVb´c≠F‹V´V

  E. nß°k©ΩbΩBÎ≠ÄöW©V

ºC≠ñöFH‹≠V´kñöR©bnß°≠‰L™ΩkV≠ºLz≠c≠WQ“®‹ºb≠T°gXöV≠Z°d≠è≠öEÑöWÚ≠Z°≠‰W™≠XöVºTÕ 

- ºW°≠ºC≠H‹V´kñöR©bn≠ß°°‰L™≠ΩkVºVÕ≠FßE≠ΩBÎ≠ÄöW©V≠ºCXöVñögÚ≠ÄöV≠ΩBÎºTz≠g 

- ºW°≠ºC≠H‹V´kñöR©bnß°≠‰L™ΩkVºVÕ≠AQ“z≠gΩBÎ≠ÄöW©VºCXöV≠ñögÚ≠ÄöV≠ΩBÎ≠ΩWA≠ΩB÷E

 n d©WbV“b©≠ºgCßg d©WbV“≠ºk‘°d≠íöR d©WbV“≠íöR

CH3 CH2 CH3––( ) C3H8

d©WT°ö4 A. C‹V©k≠äöEm•≠j°k‰W™XöV B. C‹d©ÇÁöR≠≠b©≠ºgCßg‰W™≠XöV

CH

H

H

C

H

H

HC

H

H

C–( H3 )

CnH2n 2+ n 1≥( )

1

2

3

CH4

C2H6

C3H8

CH4

CH3 CH3–

CH3 CH2 CH3––

H

H H
H
C

H

H H
H
C

H

H
C

H

H H
H
C

H

H
C

H

H
C

H

H H

H

C

H

H

C

H

H

CCH3 CH2 CH2 CH3––– f
H

H

C : n Wß˙cäöV

For
 

nß°k©ΩbΩBÎ≠nß°k©ΩbΩBÎoror
M

PTC-E
bo

ok
s 

íöR≠ V~E≠ºk‘°dV~E≠ºk‘°d

Ed©WbV“≠íöRdbV“≠íöRd

WbV“≠ºk‘°d≠íöWbV“≠ºk‘°d≠íö

TC
EbE

HH66

CC33HH

CHCH

OnlyT∫R ºCR ºC≠V£E≠XöVV£E≠XöVCC

¿

Rb©≠ºgCßg‰W™≠XöVb©≠ºgCßg‰W™≠Xy

( ))1
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 -Wß˙cäöVfWß˙cäöV V~EºbT°g≠‰W™≠XöVHz≠≠≠n≠ß°k©ΩbΩBÎ≠ÄöW©V¿

V~cbVıc : k≠éökãöRßZ°d≠Hz≠nß°≠k©≠Ωb≠ΩBÎ≠ÄöW©V ÄögQz≠jz≠éöV≠d©WbV“≠b©≠ºgCßgL©FÅ÷ö ΩR≠

éöV≠d©WbV“≠íöR≠Bßk≠Å÷ö Hz≠ºl≠Rß≠Vz‹≠x„≠jz≠éöV≠gA¬Q:d©W≠Bßk≠Å÷ö¿ (ºb°≠gäöëöE≠T°ö3)¿

äöëöET°öö3 : gA¬Q:Bßk≠Å÷öæV≠nß°≠k©≠ΩbΩBÎ≠ÄöW©V≠Tz‹E≠Z°d

F‹V´Vnß°≠k©≠ΩbºA°V≠ºm°E≠dlıkäöbA‹≠ºQ°VF‹V´VñöR©bÄöW©VA÷®E≠b©≠ºgCßg¿

nß°≠k©Ωbö2 nß°≠k©Ωb 5

nß°≠k©Ωbö3 nß°≠k©Ωb 75

2 .        gA¬Q:d©W

ñögÚÄöV≠ëöjb~V≠díöc≠A÷®E≠T£AV~E≠‰ìögHz≠ET£A ΩR≠jz≠ñöFdíöc≠A÷®E≠≠ãöRß≠d‹íöc≠kd°≠ëöE√¿ 

k°Rß≠QÏ≠çöZd‹≠Zß‡æV≠ñögÚ≠ÄöVÄöVÚΩR≠ºA°V≠ºm°E ÄögQz≠F‹V´V≠ñöR©bÄöW©V≠æV≠b©≠ºgCßgºA°V≠ºm°E¿ 

ñögÚ≠ÄöVẂVR´≠L‹≠W©EHz≠qk‚ıV ÑöWÚ≠Z°≠R´≠T°‰Xö‹≠LgÚ≠R´T°LWÚ≠‰Xö‹≠≠Hz≠nE√≠ãöRß≠ëöj V~E≠ÑöWÚ≠Z°R´≠T°≠LWÚ≠‰Xö‹≠b´cºTÕ≠

Hz≠nE√≠ãöRß≠d£E (ºb°g≠äöëöET°ö4)¿

äöëöET°ö4 : F‹≠QßF≠d‹≠Zß‡V~E≠çöZd©W≠æV≠ñögÚ≠ÄöV

ºÜ‚ö‡≠ñögÚ≠ÄöV Wß˙c≠äöV ºbT°g≠‰W™≠XöV

  k°≠RßQÏ≠çöZ≠díöc

  k°≠RßQÏ≠çöZ≠d‹Zß‡

≠ñögÚ≠ÄöV F‹QßF≠d‹Zß‡ çöZd©W

qk‚ıV

qk‚ıV

qk‚ıV

qk‚ıV

 . . . . . . . . . . . . . . . .
. . . . . . . .

ëöj
ëöj
d£E

H

H H

H

C

H

C

C

H

H

CCH3 CH CH3–– f :  ºbT°g≠‰W™≠X≠öV

CH3 H H

H

n

139°C– 160.9°C–

0.4°C– 10.2°C–

C4H10 → C6H14 →

C5H12 → C10H22 →

°C

CH4 162–

C2H6 89–

C3H8 42–

C4H10 1–

C5H12

C16H34

36

Fororro
M

PTC-E
bo

ok
s W©VA÷®E≠b©≠ºgCßVA÷®E≠b©≠ºgCß

nß°≠k©Ωb nß°≠k©Ωb

nß°≠k©n°k

‰ìögHz≠ET£A‰ìögHz≠E £

A°V≠ºm°E ÄögV≠ºm°E Äög

WÚ≠Z°≠R´≠T°‰Xö‹≠LgÚW≠Z°≠R´≠T°‰Xö‹≠Lg

4)¿)¿

äöëöET°öäöëöET°ö44

ksks
→

→→

OOnlyg≠‰W™≠XöV‰W™≠XöV yly
OnO160.9160.9°C– C160.9160.9°°

22°°C10.210 2°°
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3 .        gA¬Q:C°b°

3 . 1       ‰WR~Ab‚F‹≠ºl‡

F‹≠ºl‡≠kZÍ≠≠ñögÚ≠ÄöVx„YgHz≠T£A ÄöW©VO°≠≠≠nßA≠kß°R V~EAºé“ö¤(d©W≠T°ö5 A)¿

ºW°Wd~≠éöQ≠nßA≠kß°ΩkVb~V≠‰CWÚ≠‰ÅöVÚ F‹≠ºl‡ñögÚ≠ÄöVx„YgHz , , ,V~E ≠¿ 

F‹ºl‡ΩWWºV‡≠ºCºlÕ≠Sz≠ F‹ºl‡≠b~V≠kZÍ(d©WT°ö5B)≠¿

3 . 2       ‰W≠R~≠Ab‚≠H‹V´k

‰W≠R~Ab‚≠H‹V´kéöVF‹ºK≠‡≠ΩR≠nß°≠‰L™≠ÄöW´≠ΩGÓR L©FHzñögÚ≠ÄöV≠¿ º‰ÄöbZVÁ•≠ìöc≠æV≠æS≈ºbäöV≠≠éöV≠

‰WR~Ab‚≠Hz≠b´c≠AÁ≠d ºLz≠cñöR©b≠nß°≠‰L™ΩkV≠æV≠ºbäöV≠‰R™j≠XöVH‹V´kºLz≠c≠ñöR©b≠AÁd¿ ‰WR~Ab‚≠ºV‡≠

‰W‰Z£R“≠dl©RLgÚnkÚ≠ñöR©bnß°≠‰L™≠ΩkVA÷®E≠b©≠ºgCßgºb≠äöV¿

‰T°AÁd©ºbäöV fAÁd©≠Yb ºCº‰W°≠Hz≠S÷z‹≠kQ“‹¿ ºR‰äöAÁd©ºb≠äöV≠Hz≠nE√ãöRß≠d‹≠íöc≠èöEgÓk‰éöWÚ≠

d‹íöcnE√≠ãöRß≠BÁzJÚ¿

CH4 + 2O2 → CO2 + 2H2O

C3H8 + 5O2 → 3CO2 + 4H2O

C CO CO2 H2O

d©WT°ö5 : F‹ºl‡≠≠≠kZÍ≠V~EF‹≠ºl‡≠b~V≠kZÍæVñögÚ≠ÄöV

(A) Z~≠ºì≠öUVˆ≠F‹≠ºl‡kZÍºb≠äöV≠Vz‹≠

x„XöV H2O V~E CO2

(B) F‹≠ºl‡b~V≠kZÍæV≠ìö‹E≠≠≠≠≠≠≠≠x„ΩYÎE≠≠ºB‚Õ 

T£AA‹ºXöd≠gÓ≠AÚ
ΩYÎEZQ̄ºB‚Õ

L‹QAÚT£A

CH4 + Cl2 CH3Cl + HCl
ºbäöV AÁd b©Q©AÁd©ºbäöV nß°‰L™≠ΩkVAÁd´

O°AÁd©ºb≠ä≠öV

CH3Cl + Cl2 CH2Cl2 + HCl

:ZVÁ•ìöc

ZVÁ•ìöc

hν

‰T°AÁd©ºbäöV

ºR≠‰äöAÁd©ºb≠äöV

CH3Cl2 + Cl2 CHCl3 + HCl

CHCl3 + Cl2 CCl4 + HCl

ZVÁ•ìöc

ZVÁ•ìöc

For
 +

33ClCl

M
PTC-E

bo
ok

K≠‡≠ΩR≠nß°≠‰L™≠ÄöW´≠K≠‡≠ΩR≠nß°≠‰L™≠ÄöW´

cñöR©b≠nß°≠‰L™ΩkcñöR©b≠nß°≠‰L™Ωk

kÚ≠ñöR©bnß°≠‰L™≠ΩkÚ≠ñöR©bnß°≠‰L™≠Ω

kZÍ≠V~EF‹≠ºl‡≠b~kZÍ≠V~EF‹≠ºl‡≠b~

(B) F‹≠ºl‡b~V≠kF‹≠ºl‡b~V≠

Only

ΩYÎO
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4 .        TºEÍ°≠V~E≠Wº‰b°W‰éökÚ

ñögÚ≠ÄöV≠éöV≠ºVÕA÷®E≠Ub‚≠Hz≠R~ ‰W≠aZk‹Bz≠VÚ≠æV≠ñögÚÄöV≠C•≠º‰WE≠ÄöRV~Eqk‚ıVUb‚Hz≠R~¿ A÷®E≠

qkîölAb‚F‰éöJÚ≠º‰WE≠ÄöR≠ ºCΩJA≠nß°≠‰L™≠ÄöW´äöb≠‰A®b (f≠‰W≠çöC)ΩLg≠éöV≠k°Rß≠QÏ≠çöZd‹Zß‡≠    

‰W≠lz≠AÚ≠≠‰W≠ΩlgÅ÷ö¿ nß°≠‰L™≠ÄöẂTz‹EºV‡b́c≠çöCU‹Hz≠ñögÚ≠ÄöV¿

ºCº‰W°≠ñögÚ≠ÄöVHz≠‰W≠aZ≠SzbZg L©FHz≠F‹ºl‡≠≠A÷®E≠éökß°VV~EFÂE¡zVl√z≠k¿ ñögÚ≠ÄöVAÛ≠Hz≠

jR”®ãöRß≠ºL°b≠k‰éöWÚ≠qkîölAb‚≠C°b°ºL°b◊°≠k‹≠ºèöC≠ºUÍ°º‰CØE≠º‰W°‰XökÚ≠XöV≠º‰F°V≠èöEL©FHz≠ : kdæk≠

k‹ºèöC XÁök‘~F S÷z‹ºZT„ . . . ¿

1. F©dkdºkdd©WbV“b©≠ºgC≠ßgñögÚ≠ÄöVW´VR´L‹≠W©E¿

2. F©dkdºkdd©W≠bV“íöR≠dWkÚ≠ñögÚ≠ÄöVΩLg≠éöV≠d©Wb≠V“b©≠ºgC≠ßg ¿

3. ºlÕºÜ‚ö‡ñögÚ≠ÄöVΩLg≠éöVd©WbV“≠ºk‘°d≠íöR :  V~E 

¿ ºR°nE√ãöRßTz‹E≠≠≠≠≠≠≠≠≠ö2ºV‡≠Hz≠nß°≠k©≠Ωb≠V£E≠Å÷öΩLdfºT ?

4. F©dkdºkdd©WbV“ºk‘°≠díöRñögÚ≠ÄöVΩLg≠éöV≠ºÜ‚ö‡≠L©FRºTÕ È

A. 2,2-O°≠ºbT°g≠WEÚäöV B. 3-ºn≠T°g≠W≠EÚ≠äöV

• ñögÚ≠ÄöVéöVd©WbV“T©ºTÕ≠ : ¿ b©≠ºgCßgñögÚ≠ÄöVéöV≠kb⁄ııV’b´c≠Hz≠VÚ :  

V~E     ¿

• ñöR©b≠ÄöW©VA÷®E≠b©≠ºgCßgñögÚ≠ÄöVéöV≠T‰bEÚFRß≠bßB¿

• nß°k©ΩbΩBÎ≠ÄöW©VHz≠k≠éökãöRß≠ΩLg≠éöVd©WbV“≠b©≠ºgCßg≠L©FÅ÷ö ΩRd©WbV“≠íöR≠Bßk≠Å÷ö¿

• F‹ºl‡kZÍ≠æVñögÚ≠ÄöVx„YgHz≠T£A ÄöW©V≠O°≠nßA≠kß°R V~E≠Aºé“ö¤¿

• ñögÚ≠ÄöVdE≠≠‰W≠R~≠Ab‚≠H‹≠V´k Z°≠º‰K≠‡jz≠Hz≠nß°≠‰L™≠ÄöW´ΩGÓR¿

CnH2n 2+ C C–

C H–

emeronseg≈b

sMNYrniglMhat'

C3H8

CH3 CH2 CH2 CH3–––

CH3 CH CH3––

CH3 For

íöR≠d

gÚ≠ÄöVΩLg≠égÚ≠ÄöVΩLg

¿¿H CHH CH3HH

M
PgñögÚ≠ÄöVW´gñögÚ≠ÄöVW

dWkÚ≠ñögWkÚ≠ñö

TC-E
bo

ok
s

TC-E
bo

ok
sV≠kb⁄

V“≠b©≠ºgCßg≠L©F

O°≠nßA≠kß°R 

jz≠Hz≠nß°≠‰L™≠Äö

TC
PTPTPT

OnlyOn
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5. F©dC©kkKÀz ✓ A÷®E≠‰W≠nWÚ≠Bz≠EbßBFºbÁ°cQzb´c≠ΩLg≠‰R£b≠‰R™j¿ 

º‰Äöb≠ZVÁ•≠ìöc≠æV≠æS≈ AÁd≠éöV≠n‹≠ºZ°≠Hzb´c≠ºb≠äöV≠x„YgHz 

A. AÁd©©ºbäöV≠ V~E≠nß°≠‰L™≠ΩkV B. AÁd©©ºbäöV≠ V~E≠nß°≠‰L™≠ΩkVAÁd´

C. O°AÁd©©ºbäöV≠ V~E≠nß°≠‰L™≠ΩkV C. O°AÁd©©ºbäöV≠ V~E≠‰T°AÁd©ºbäöV¿

6. F©dW‹≠ºZJ≠kb°≠ÄödRß≠g„≠Äöd≠F‹ºl‡≠kZÍb´cb©≠g≠ñögÚ≠ÄöV≠L©FRºTÕ≠ 

A. 

B. 

C. 

D. 

C3H8 + O2 → …… ……H2O+

…… ……O2+ → 4CO2 + ……

……… ……O2+ → …… + 7H2O

…… + 2O2 → CO2 …H2O+

For
 M

PTC-E
bo

ok
s 2H OnlyOO

OO
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8
≠¿

1 .         ñögÚ≠ΩkV

1 . 1        ºkFA“°≠ºY“°b

nß°≠‰L™≠ÄöW´b~V≠Tz≠VÚ≠ΩGÓ≠RéöV≠kb⁄ıV’Z°dHz≠VÚfW°Hz≠VÚ≠A÷®E≠b©≠ºgCßgF‹V´V≠b´c≠fºg°kZ°≠ºV‡≠¿≠≠≠≠ ñöR©b≠

ÄöW©V≠ñöFWºE¡°R≠kb⁄ıV’Z°dHz≠VÚ≠fW°Hz≠VÚ≠èöEEzc≠Hzb´c≠ñöR©bÄöW©V≠LæT≠ºT∫R¿≠≠≠≠≠≠≠ ≠nß°‰L™≠ÄöW´ΩLg≠≠≠éöV≠

kb⁄ıV’’’’’’’’Z°dHz≠VÚ≠èöER~FF‹V´V≠b´cºVÕ≠FºVÁz‡ñöR©bÄöW©VºlÕ≠Sz≠ ñögÚ≠ΩkV¿ ñögÚ≠ΩkV≠ΩLg≠éöV≠

kb⁄≠ıV’≠Z°d≠Hz≠VÚ≠b´c≠A÷®E≠b©≠ºgCßgéöV≠ñöR©b≠nß°≠‰L™≠ΩkVF‹V´V≠Z°d≠R~F≠Hz≠E≠ñögÚ≠ÄöV≠ΩLg≠‰R™j≠≠V£E≠jz≠¿

qTzldQˆ≠ : 

ñögÚ≠ΩkVHz≠nß°≠‰L™ÄöW´ΩBÎF‹lΩLg≠éöV≠kb⁄ıV’Z°d≠Hz≠VÚb´cA÷®E≠b©≠ºgCßg¿ d©WbV“T©ºTÕC•  

¿ 

emeronTI

3 GuI®dUkabYminTan'Eq˝t

  

   ❒  ZQ¯VzZ°T‰bEÚb©ºgCßgñögÚΩkVV~EñögÚ≠kß°V¿

   ❒  ºlÕ≠ºÜ‚ö‡ñögÚ≠ΩkVV~E≠ñögÚ≠kß°V¿

   ❒  ZQ¯VzXöVZ°gA¬Q:d©W gA¬Q:C°b°≠æV≠≠ñögÚ≠ΩkV V~E≠ñögÚ≠kß°V¿

≠≠≠   ❒  ºd∫≠WëöWÚZ°T≠ºEÍ°V~EWº‰b°W‰éökÚnß°≠‰L™≠ÄöW´≠b~V≠TzVÚ≠ΩGÓR¿

FWÚºbºd∫VºV‡≠ k~kÎñöF

H3C C

CH CH2

CH

CH2 CH2

C

CH3

CH2

 ñögÚ≠ΩkVb´c≠‰W≠ºaT≠(g°b©ΩQV) d©WT°ö1 éöV≠ºVÕA÷®E≠k‹≠WA≠ΩYÁ≠‰A™F¿ jz≠Y“gÚ≠AÁ~VLgÚΩYÁ≠‰A™F¿

H

CH

C3H6

C

H

H

C

H

H

C

H

H H C C H

H

H

HH

=

:  ‰W™ΩW≠VC3H8 :  ‰W™XöV

CnH2n n 2≥( ),

For

FF‹V´V≠b´cV´V≠b´c

c≠A÷®E≠b©≠ºgCßc≠A÷®E≠b©≠ºg

M
PT

éöV≠kb⁄ıV’Z°dHéöV≠kb⁄ıV’Z°d

z≠VÚ≠fW°Hz≠VÚz≠VÚ≠fW°Hz≠VÚ

PTPT
bo

ok
s 

PTC-E
bobo

H C

g°b©ΩQV) 

OOnlyO
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qTzldQˆ :

: ºn≠T°≠ΩmV fºn≠ΩRV

: ‰W™ΩWV

: Wß˙cΩRV

1 . 2        Vz≠b≠jg°

ºÜ‚ö‡≠ñögÚ≠ΩkV‰R™j≠éöV≠WßZÍ≠WTºTÕ≠äöbF‹V´V≠≠≠≠≠≠≠≠≠≠≠ñöR©bÄöW©V≠ΩBÎ≠ºbΩLgéöV≠kb⁄ıV’ö2Hz≠VÚ V~E≠

WF«~bWT ΩnV¿ 

ÄödWEÚ≠ºgB≠ºg°ñöR©bÄöW©V≠ΩBÎ≠ºb ‰R™j≠æg≠x„ñöR©b≠ÄöW©VΩLg≠éöV≠kb⁄ıV’ö2Hz≠VÚ éöV≠

kV‘kÎV̂≠R©F≠W‹≠YßR¿≠ kV‘kÎVˆ‰R™jLz≠AÚ≠BzE≠ºGÍEWF«~bWTΩnV¿ 

Äöd≠ºlÕºÜ‚ö‡≠‰R™j≠ºÅödZäöbg‹≠Lz≠WÚ≠L©FBzE≠º‰Äöb È

qTzldQˆÈ

1 . 3        T‰bEÚb©ºgCßgñögÚ≠ΩkVEzc≠ 

≠  A. ºnT°≠ΩmVfºn≠ΩRV

ºn≠ΩRV≠éöVd©WbV“b©≠ºgCßg ¿ ñöR©bTz‹E≠‰Xö‹b´c≠N~RºVÕ≠A÷®E≠WÁEÚΩR≠b´c¿ ºL°b◊°≠ãöVz≠

ºR≠‰äöj≠z≠mEÚ≠æV≠ñöR©b≠ÄöW©V≠Tz‹E≠Z°d≠jz≠‰R™j≠FE≠kb⁄ıV’V£E≠Å÷öºLzckb⁄ıV’’Z°d≠Hz≠VÚ≠   (d©WT°ö2)¿

n 2= C2H4

n 3= C3H6

n 4= C4H8

…………………………………

T°äö‹EWQ“®‹H‹V´k + ºÜ‚ö‡WQ“®‹H‹V´k + WßZÍWT + T°äö‹Ekb⁄ıV’ö2Hz≠VÚ + WF«~bWT≠ΩnV

CH3 =

3- ºbT°g Wß˙c - 1 - ΩnV

CH2CH CH CH3

1 2 3 4 5
CH2 = CH3CH CH

1 2 3 4

CH3WEÚ - 2 - ΩnV (b~V≠ΩbVWEÚ - 3 - ΩnVºT)

C2H4

C C=

(A) (B) (C)
A V~EB d©WbV“ºk‘°d≠íöR V~Ed©WbV“íöRæVºn≠ΩRV C. C‹d©ÇÁöR≠≠æVb©≠ºgCßg≠ºn≠ΩRVd©WT°ö2

CH2 CH2 C C
H

H

H

H

For

ß

T°≠ΩmVfºn≠ΩT°≠ΩmVfºn≠

n≠ΩRV≠éöVn≠ΩRV≠é

ææ

M
P

CßgñögÚ≠ΩkgñögÚ≠Ωk

PTCCHCH22TTTC-E
bo

ok
s ÄöW©VΩLg

TΩnV¿ ΩnV¿ 

E≠º‰Äöb È‰Äöb È

++ WßZÍWT  WßZÍWT +

Ebo

44

b~V≠ΩbVWEÚ b~V≠ΩbV

OnlyΩLgéöV≠kb⁄ıV’ögéöV≠kb⁄ı

Lg≠éöV≠kgé V
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  B. ‰W≠™ΩW≠V

ºW°ºc°E≠H‹≠V´kñöR©bnß°≠‰L™≠ΩkVæV≠ºn≠ΩRVºLz≠c≠WQ“®‹ºbT°g  b´cºc°E≠XöV≠‰W™Ω≠W≠V 

ΩLg≠éöVd©WbV“b©≠ºgCßg ¿ ‰W™≠ΩW≠V≠éöV≠T‰bEÚ≠b©≠ºgCßg≠L©F≠WEÏz≠J≠A÷®E≠d©WT°ö3¿

ºW°≠ºc°E≠ºF‡≠ΩR≠H‹V´k≠ñöR©b≠nß°≠‰L™ΩkVºLz≠c≠WQ“®≠‹ºb≠T°gWV“≠ºTÕ≠ºT∫R≠ ºc°EV£E≠XöV≠ºk˙≠d°≠nß°≠‰L™≠

ÄöW´≠b´c≠‰WºaT≠ºlÕ≠Sz≠ ñögÚ≠ΩkV ΩLg≠éöV≠d©WbV“≠T©ºTÕ ¿

1 . 4        nß°≠k©ΩbT°≠äö‹EV~Enß°≠k©ΩbΩBÎÄöW©V

ºW°ºc°E≠H‹V´kñöR©b≠nß°≠‰L™≠ΩkVA÷®E≠b©≠ºgC≠ßg‰W™≠ΩW≠V  ºLz≠c≠WQ“®‹≠ºbT°g≠≠

b´c≠ ºc°E≠XöV≠k≠éök≠ãöRßW°≠èöEC•

A.     :   Wß˙c≠ -1- ΩnV

B.     :   Wß˙c≠ -2- ΩnV

C.     ≠   :   ºbT°g≠‰W™ΩWV

k≠éökãöRß≠Tz‹EW°≠ºV‡Hz≠nß°k©≠Ωb≠V£E≠Å÷ö

• (A) V~E (B) éöV≠ΩBÎ≠ÄöW©VL©F≠Å÷ö ΩR≠éöV≠T°äö‹E≠kb⁄ıV’ö2Hz≠VÚBßk≠Å÷ö jz≠Hz≠nß°≠k©≠Ωb≠T°äö‹E¿

• (C) éöV≠ΩBÎ≠ÄöW©V≠b~V≠L©F (A) V~E (B)¿ jz≠Hz≠n≠ß°k©≠Ωb≠ΩBÎ≠ÄöW©V¿

1 . 5        gA¬Q:d©W

ñögÚ≠ΩkVW°≠R´≠L‹≠W©E ºn≠ΩRV ‰W™≠ΩWV V~E≠Wß˙cΩRVHz≠qk‚ıVÅ‚öV≠ZQ¯¿ ÑöWÚ≠Z°≠WEÚ≠ΩRVºTÕ≠Hz≠

nE√ãöRßëöj¿ ñögÚ≠ΩkVb~V≠d≠íöc≠A÷®E≠T£A ΩR≠d≠íöc≠A÷®E≠nE√ãöRß≠d‹≠íöckd°≠ëöE√¿ äöëöE≠T°ö1 WEÏz≠J≠

Z°≠F‹≠QßF≠d‹≠Zß‡æV≠ñögÚ≠ΩkV¿

CH3–( )

C3H6

d©WT°ö3  C. C‹d©ÇÁöR≠b©≠ºgCßg‰W™≠ΩW≠VB. d©WbV“≠íöR≠‰W™≠ΩW≠VA. d©WbV“≠ºk‘°d≠íöR‰W™ΩWV≠ 

CH CH2CH3

H

HC

H

C

H

C

H

H

CnH2n n 2≥( )

CH3 CH– CH2=

CH2 CH CH2 CH3––=

CH3 CH– CH CH3–=

CH2 C CH3–=

CH3

B) éöV≠ΩBÎéöV≠ΩB

éöV≠ΩBÎ≠ÄöW©VéöV≠ΩBÎ≠ÄöW©V

M
PTC-E

bo
ok

s 
V 

 Wß˙c≠  Wß˙c≠ -1- -1- ΩΩ

  :   Wß˙c≠   :   Wß˙c

≠   :   ≠   : 

V‡Hz≠nß°k©≠Ωb‡Hz≠nß°k©≠Ωb

(

CHCH33 C

Only∫R≠ ºc°EV£E≠XöVR≠ ºc°EV£E≠

¿

C‹d©ÇÁöR≠b©≠ºgCßg‰dÇÁöR≠b©≠ºgCßgy

)2
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äöëöET°ö1 : F‹QßF≠d‹Zß‡ñögÚ≠ΩkVb´cF‹V´V

1 . 6        gA¬Q:C°b°ñögÚ≠ΩkV

  A. ‰W≠R~Ab‚F‹≠ºl‡

L©F≠ñögÚ≠ÄöV V~E≠k≠éök≠ãöRß≠kd°≠ëöE√≠ºYÎE≠ºT∫RΩLd    F‹≠ºl‡≠kZÍæV≠ñögÚ≠ΩkV≠x„Yg≠Hz≠  

ÄöW©V≠O°nßA≠k°ßRV~≠ET£A¿ ≠ºCb~V≠V~cbcA≠ñögÚΩkVºUÍ°≠Hz≠ãöRß≠ºG‡≠ºT Z°≠º‰K≠‡jz≠Hz≠jR”®≠ãöRß≠ºL°≠bèöE≠

k‹BzVÚ≠k‰éöWÚ≠qkîölAb‚≠C°b°¿ qTzldQˆ :

  B. ‰WR~Ab‚≠W©A

ñögÚ≠ΩkVéöV≠gA¬Q:kAb‚≠Hz≠E≠nß°≠‰L™≠ÄöW´ΩGÓ≠R ºLz≠cìöd≠jz≠éöV≠jR“≠éöVkb⁄ıV’Z°d≠Hz≠VÚ≠A÷®E≠

b©ºgCßg¿ ‰WR~Ab‚W©A≠ºg°≠b©≠ºgCßg≠ñögÚ≠ΩkVEz≠c≠Hz≠E≠‰WR~Ab‚≠H‹V´k¿

• nß°≠‰L™ΩkVAb‚

nß°≠‰L™≠ΩkV≠Ab‚≠Hz≠‰WR~Ab‚≠W©A≠nß°≠‰L™≠ΩkV¿ F‹ºK≠‡≠bßBÄöäög°Ad( f )V~E≠k°Rß≠QÏ≠çöZ 

≠≠≠ ºn≠≠ΩRVéöV≠‰WR~≠Ab‚≠W©A≠Hzb´c≠nß°≠‰L™ΩkVWºE¡°R≠XöV≠Hz≠ñögÚ≠ÄöV≠ΩLg≠‰R™j≠Å÷öV£E≠jz≠C• ºnäöV≠¿

• ñöm™≠ΩkV≠Ab‚

ñöm™≠ΩkV≠Ab‚Hz≠‰WR~Ab‚≠W©A≠Hz≠b´c≠ñöm™≠ΩkV¿ qTzldQ̂ :

ºÜ‚ö‡ d©WbV“≠ºk‘°díöR F‹≠QßF≠d‹≠Zß‡ 

ºn≠ΩRV

‰W™ΩWV

Wß˙c≠ -1- ΩnV

W≠EÚ  -1- ΩnV

°C( )

CH2 CH2=

CH3 CH– CH2=

CH3 CH2– CH– CH2=

CH3 CH2– CH2 CH–– CH2=

104–

47–

6.5–

30

CnH2n +
3n

2
-----O2 nCO2 + nH2O

C2H4 + 3O2 2CO2 + 2H2O

Ni Pt

180°C

CH2 CH2 H2+= CH3 CH3–
Ni Ptf

ºn≠ΩRV n≠ß°‰L™ΩkV ºn≠äöV

For

‰L™≠ΩkV≠Ab‚≠HkV≠A

n≠≠ΩRVéöV≠‰WR~n≠≠ΩRVéöV≠‰WR~

CC

M
PTC-E

bo
ok

s  F‹≠ºl‡F≠ºl

UÍ°≠Hz≠ãöRß≠ºG‡≠ºTz≠ãöRß≠ºG‡≠ºT

:kAb‚≠Hz≠E≠nß°≠‰:kAb‚≠Hz≠E≠nß°≠‰

g°≠b©≠ºgCßg≠ñg°≠b©≠ºgCßg≠

Ab‚Ab‚

bHz‰Hz‰

bobobEEE

Only

‡≠kZÍæV

y
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ºCº‰W°≠T£A≠‰W™bk‰éöWÚ≠ºUÍ°≠ΩRkdA≠jR“≠éöV≠nß°≠‰L™≠ÄöW´≠

b~V≠Tz≠VÚ≠ΩGÓ≠R (d©WT°ö4)¿

• n≠°ß‰Lz≠RAb‚

nß°≠‰Lz≠R≠Ab‚Hz≠‰WR~Ab‚≠W©AT£A¿ T£A≠éöV≠n‹≠ºZ°≠ºg°≠

ñögÚ≠ΩkVx„Yg≠Hz≠ñögÚ≠≠≠≠≠≠≠≠≠Aßg¿ qTzldQˆ :

(‰W™≠XöV -1- nßg)

≠f  (‰W™≠XöV -2- nßg)

• W©≠g°Ωb≠Ab‚

W©≠g°≠ΩbAb‚Hz≠‰WR~Ab‚W©Ab©≠ºgCßgb~V≠Tz≠VÚ≠ΩGÓR (b©Q©Ωb) djz≠E≠Å÷ö≠ V~EÅ÷ö x„Hz≠k≠éök≠ãöR≠ß≠

ΩLg≠é≠öVb©≠ºgCßgU‹ (W©≠≠≠g≠°≠Ωb)¿ qTzldQˆ 

- W©≠g°ΩbAb‚≠≠ºn≠ΩRV :

≠                      

- W©≠g°ΩbAb‚≠j°V°gAÁd´ :

                      

1 . 7        TºEÍ°≠V~EWº‰b°W‰éökÚñögÚ≠ΩkV

  A. T≠ºEÍ°≠ñögÚ≠ΩkV

b©≠ºg≠CßgñögÚ≠ΩkVXöV≠bA≠Z°Äöd≠ºUÍ°≠‰ÄöC~JæV≠ñögÚ≠ÄöV ΩLgºc°E≠XöV≠k~AîöºVÕ≠A÷®E≠ºbºd∫V≠

º‰WE≠ÄöR ≠V~EoV’V:¿ d©WT°ö5 WEÏz≠Jn‹≠Z°≠g‹≠Vz‹≠‰ÄöC~JæV≠ñögÚ≠ÄöV≠F‹ºK≠‡bßBÄöäög°Ad  

A÷®EqkîölAb‚F‰éöJÚ≠º‰WE≠ÄöR≠¿

CH2 CH2 Br2+= CH2Br CH2Br–

CH2 CH2 Cl2+= CH2Cl CH2Cl– (1,2-O°≠AÁ≠d©≠ºn≠äöV)

(1,2-O°‰W™≠b©≠ºn≠äöV)

d©WT°ö4 : T£A≠‰W™béöV≠ZQ̄‰A≠l≠bT£A≠‰A™F 

Ω‰WHz≠Å‚öV≠ZQ̄ºVÕ≠ºZgqk‚ıVºn≠ΩRVGÁE≠ÄöRÚ

k©gßc≠k„®E≠Å‚öV≠ZQ¯C2H4

T£A‰W™b

CH2 CH2 H OH–+= CH3 CH2OH–
T£Aºn≠ΩRV ºn≠äöQßg

H
+

CH3 CH– CH2 H OH–+= CH3 CH2 CH2OH––

CH3 CHOH– CH3–

nCH2 CH2= C( H2 CH2 )n–

W©g°≠ºn≠ΩRV : PE ºnΩRV

nCH2 CHCl= C( H2 CHCl )n–
j°V°gAÁd´ W©g°j°V°gAÁd´ P.V.C

Al2O3

For
 VgAÁd´Á

            

Wº‰b°W‰éº‰b°W‰

M
PTC-E

bo
o

VÚ≠ΩGÓR (ΩGÓR (b©Q©b©Q©

Qˆ Qˆ 

:

ok
s HH22 CHCH22––H2

nnCHCH2 ==

OnllylylylyO

‰W™béöV≠ZQ̄‰A≠l≠b‰W™béöV≠ZQ̄‰A≠l

Q¯ºVÕ≠ºZgqk‚ıVQ¯ºVÕ≠ºZg

yyyy
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  B. Wº‰b°W‰éökÚñögÚ≠ΩkV

L©F≠XöV≠ºd∫W≠ëöWÚ≠ºVÕ≠A÷®E≠≠ΩY÷A≠BzE≠ºL°b ºn≠ΩRVHz≠jR”®≠ãöRß≠ºL°bk‰éöWÚ≠ºUÍ°jR”®≠ãöRßC°b°Hz≠º‰F°V¿ 

d©WT°ö6 WEÏz≠J≠n‹≠Z°≠Yg~R≠Ygkº‰bF ΩLg≠XöV≠bA≠Z°nE√≠ãöRß≠‰k≠Mïöcºn≠ΩRV¿

2 .         ñögÚ≠kß°V

2 . 1         ºkFA“°≠ºY“°b

nß°≠‰L™≠ÄöW´b~VTzVÚΩGÓRºk˙d°ñögÚkß°VéöV≠kb⁄ıV’W°≠Hz≠VÚèöER~FF‹V´Vb´c≠ºVÕ≠FºVÁz‡ñöR©b≠

ÄöW©V¿ ñögÚ≠kß°VEzc≠Hz≠EºCC•ºn≠T°V ¿ ñögÚ≠kß°VéöVd©WbV“T©ºTÕ:ö ¿

d©WT°ö5 : g‹≠Vz‹æV≠Äöd≠Yg~RñögÚ≠ΩkVäöb≠j~≠U°≠‰ÄöC~JñögÚ≠ÄöV

nQ“™Eº‰WEÄöR
W‹ZEÚW‹Q~R

nß°‰L™ÄöW´ΩLgéöV≠ΩBÎ
gåöcnß°‰L™ÄöW´ΩGÓR

qk‚ıV‰ÄöC~J

ºnΩRVV~E‰W™ΩWV

ìö‹E

qk‚ıV‰R™jºUÍ°‰ÄöC~Jºm°Ej~J

‰W™ΩWV

100°C

200°C

300°C

400°C

100°c

200°c

300°c
400°C
Al2O3

C16H34ÄöW©VbU„b

C16H34 C7H16→
H

3 H
H

C C
H

H
= C

H

H

C C=
H

HH

++
‰ÄöC~J

ºn≠ΩRVn~WäöV

d©WT°ö6 : Yg~R≠Yg≠XöV≠n‹≠Z≠°≠nE√ãöRß≠‰k≠ïöc≠ºn≠ΩRV

LWXÁök‘~F

ºn≠ΩRV

ºn
ä
öQ

ßg

Aºé“ö¤  

‰ìö

W©g
°ΩbA

b‚

UßET£A

W©g°

ºn≠ΩRV

ºkåöE

nE√ãöRßd‹íöc

ΩBÎºaÁ°E

W©g°ΩbAb‚

T£AnWÚ

W‹ZEÚT£A
j°V°gAÁd´

H2O+

CH2Cl CH2Cl–

Cl2+

CH2 CHCl=

C2H2 CnH2n 2– n 2≥( );

ForUUßßEE

Ebo
ok

s 
VHz≠jR”®≠ãöRß≠ºL°Hz≠jR”®≠ãöRß≠ºL°

V≠bA≠Z°nE√≠ãöRbA≠Z°nE√≠ãö

J

PTC
PTCC-C-

MMMM

gg°°ΩΩbbAA
bb

W©g
°Ωbg°

WW©©gg°°

ººnn≠≠ΩΩRRVV

On

JñögÚ≠ÄöVñögÚ≠ÄöV
‰W

CC

HH

CClynllynlyy
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qTzldQˆ : : ñöºkT°≠ΩmV f ºn≠T°V

: ‰W™≠Z°V

: Wß˙cT°V

   È  

2 . 2         Vzbjg°ñögÚ≠k°ßV

ñögÚ≠kß°VHz≠ºk˙d°nß°≠‰L™ÄöW´ΩLg≠≠éöV≠kb⁄≠ıV’W°≠Hz≠VÚ≠A÷®E≠b©ºgCßg¿ ºÜ‚ö‡≠ñögÚ≠kß°V≠XöVbA≠Z°≠

ºÜ‚ö‡≠≠ñögÚ≠ΩkV ΩR≠éöV≠WF«~bWT nß°V¿  

 qTzldQˆ :

≠≠  A. T‰bEÚb©ºgCßgñögÚ≠kß°V≠Ezc

• ºn≠T≠≠°Vf≠ñöºkT°≠ΩmV

ºn≠T°VéöV≠d©WbV“≠b©≠ºgCßg ¿ ñöR©b≠Tz‹E≠W´VdRÚ≠‰R≠EÚ≠H´d≠Å÷ö¿≠ ºL°b◊°≠ãöVz≠ºR≠‰äöj≠zmEÚ≠æV≠

ñöR©bÄöW©VTz‹E≠Z°d jz≠‰R™j≠FE≠kb⁄ıV’V£E≠Å÷öHz≠kb⁄ıV’≠W°≠Hz≠VÚ≠  (d©WT°ö7)¿

•  ‰W™≠≠≠≠Z°V

‰W™Z°V≠éöV≠T‰bEÚ≠b©≠ºgCßgL©F≠d©W≠T°ö8¿

  B. nß°k©Ωb

ñögÚ≠kß°VéöV≠n≠ß°k©≠ΩbT°≠äö‹E≠ V~E≠n≠ß°k©≠Ωb≠ΩBÎ≠ÄöW©VL©F≠

ñögÚ≠ΩkVΩLd¿ 

qTzldQˆ≠ : nß°≠k©≠Ωb≠Wß˙cT°V ¿

   Wß˙c -1- nß°V

    Wß˙c -2- nß°V

n 2= C2H2

n 3= C3H4

n 4= C4H6

n 5= …………………

CH ≡ C CH2 CH3––
Wß˙c - 1 - nß°V

C2H2

C C≡

d©WT°ö7 :  A. d©WbV“≠íöRºn≠T°V B. C‹d©≠ÇÁöR≠b©≠ºgCßgºn≠T°V

H C C H

d©WT°ö8 : C‹d©≠ÇÁöR≠b©≠ºgCßg‰W™≠Z°V

C4H6

CH C CH2 CH3––≡

CH3 C C CH3–≡–

For
 E≠b©≠ºgC

VéöV≠n≠ß°k©≠VéöV≠n≠ß°

M
PTC-E

bo
ok

s 
W´VdRÚ≠‰R≠EÚ≠H´dRÚ≠‰R≠EÚ≠H´d

V’≠W°≠Hz≠VÚ≠V’≠W°≠Hz≠VÚ≠V≠V

gCßgL©FCßgL©F

TC
E

TC
E

bV“≠íöRºn≠T°VbV“≠íöRºn≠T°V

Only

kß°V≠XöVbkßV≠XöV
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2 . 3         gA¬Q:d©W

ñöºkT°ΩmV≠Hz≠qk‚ıVÅ‚öV≠ZQ¯‰ìögHz≠EB„gÚV~E≠d≠íöc≠A÷®E≠T£AXöV≠R~F≠R´F¿F‹ºK≠‡≠ñögÚ≠kß°V≠

LæT≠ºT∫R≠éöV≠k°Rß≠QÏ≠çöZd‹≠Zß‡≠ºA°V≠ºm°E≠äöb≠F‹V´VñöR©bÄöW©V≠ºA°V≠ºm°EA÷®E≠b©≠ºgCßg(äöëöE≠T°ö2)≠¿

äöëöET°ö2 : F‹QßFd‹Zß‡ñögÚkß°Vb´cF‹V´V

2 . 4         gA¬Q:≠C°b°ñögÚ≠kß°V

ñögÚ≠kß°V≠éöV≠gA¬Q:≠kAb‚≠Hz≠E≠ñögÚ≠ÄöVºLz≠c≠ìöd≠jR“≠éöVkb⁄ıV’W°≠Hz≠VÚ≠A÷®E≠b©≠ºgCßg ¿

  A. ‰W≠R~Ab‚F‹≠ºl‡

ºn≠T°V≠f≠ñöºkT°ΩmVHz≠ãöRß≠ºG‡≠èöE≠BÁz‹E≠ÄÁö¿ F‹ºl‡≠

dWkÚ≠jz≠Y“gÚk≠°Rß≠QÏ≠çöZdl©RLgÚ≠ ¿ ºC≠º‰W°≠jz≠A÷®E≠

F‹Zß‡≠≠Yîöd≠k‰éöWÚ≠Yîöd≠V~E≠ÄöRÚ≠ΩLA≠ΩS≠W (d©WT°ö9)¿      

  B. ‰WR~Ab‚≠W©A≠nß°≠‰L™≠ΩkV fn≠ß°‰L™≠ΩkV≠Ab‚≠

ºVÕF‹≠ºK≠‡≠bßB≠Äö≠äög°Ad  f  V~EºVÕ≠k°≠Rß≠QÏ≠çöZ  ºn≠T°VºUÍ°≠‰WR~Ab‚≠W©A≠

Hzb´c≠nß°‰L™≠ΩkV WºE¡°R≠XöV≠Hz≠ñögÚ≠ÄöVΩLg≠‰R™j≠Å÷öV£E≠jz≠ C•ºn≠äöV¿

 

  C. ñöm™ΩkVAb‚

ºn≠T°V≠ñöFéöV≠‰WR~Ab‚W©AHz≠b´c≠‰W™bXöV≠b´c≠fZ°db©≠ºgCßg¿

( 1,2-O°≠‰W™≠b©ºn≠ΩRV)

ºÜ‚ö‡ d©WbV“≠ºk‘°díöR F‹QßFd‹Zß‡ 

  ºn≠T°V

  ‰W™≠Z°V

  Wß˙c -1- nß°V

  WEÚ -1- nß°V

°C( )

HC CH≡

CH3 C CH≡–

CH3 CH2 C– CH≡–

CH3 CH2 CH2– C– CH≡–

84–

23–

8

39

d©WT°ö9 : F‹≠Zß‡Yîödº‰W°≠≠≠≠≠≠≠≠≠≠ãöRß≠ºG‡ñöºkT°ΩmV

3000°C

C2H2 +
5
2
---O2 2CO2 H2O+

Ni Pt 180°C

ºn≠T°V nß°≠‰L™ΩkV ºn≠äöV
CH CH 2H2+≡ CH3 CH3–

CH CH Br2+≡ BrHC CHBr=

For
 b‚≠W©A≠nß≠‰L™A≠nß

F‹≠ºK≠‡≠bßB≠Äö≠äF‹≠ºK≠‡≠bßB≠Äö≠

nß°‰L™≠ΩkV Wnß°‰L™≠ΩkV 

M
PTC-E

bo
ok

s 
VºLz≠c≠ìöd≠jR“VºLz≠c≠ìöd≠jR“

‡≠èöE≠BÁz‹E≠ÄÁö‡≠èöE≠BÁz‹E≠ÄÁö

¿

ΩLA≠ΩS≠W (d©WΩLA≠ΩS≠W 

‰L≠ΩkV‰L≠Ωk

ksks
30003000°C

22
----------OO2

M
P

Onlyy

23– 3

88

393
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( 1,1,2,2-ºR‰äö‰W™b©ºnäöV)

 D. n≠ß°‰Lz≠≠≠≠≠RAb‚

ºn≠T°VéöV≠‰WR~Ab‚≠≠Hzb´cT£Ax„Yg≠Hz≠ºnäöQzgÚ¿

(ºn≠äöQz≠gÚ)

ºn≠äöQz≠gÚHz≠Yg~R≠Yg≠èöEk‹≠Bz≠VÚk‰éöWÚ≠ºUÍ°≠ºn≠äöQßg V~E≠ñökß°R≠ºn≠äöQ©nß~F¿

  E. ‰WR~≠Ab‚≠W©A≠nß°≠‰L™≠ΩkVAÁ≠d´

‰WR~Ab‚≠djz≠E≠ºn≠T°VV~E≠nß°≠‰L™≠ΩkVAÁd´ ‰W‰Z£R“ºTÕ≠Z°≠d≠L‹≠Qz≠AÚ≠L©F≠BzE≠º‰Äöb

L‹≠Qz≠AÚT°ö1 :               

(j°V°≠gAÁ≠d´)

L‹≠Qz≠AÚT°ö2:            

(1,1-O°AÁd©≠ºn≠äöV≠)

≠ºVÕ≠L‹≠QzAÚ≠T°ö2 ºV‡ñöR©bAÁdTz‹E≠Z°d≠ç»öWÚ≠Hz≠b´c≠ñöR©bÄöW©V≠ΩR≠b´c¿

2 . 5         T≠ºEÍ°V~E≠Wº‰b°≠W‰éökÚÚ

  A. T≠ºEÍ°≠ñöºkT°≠ΩmV

ñöºkT°≠ΩmVAÛ≠L©F≠Hz≠ñögÚ≠kß°V≠L≠æT≠ºT∫R≠ΩLd Å‚öV≠ºVÕ≠A÷®E≠Ub‚≠Hz≠R~≠ºT¿ ºC≠ñöF≠ºUÍ°≠ñöºkT°≠ΩmV≠

ºLzcn‹≠ºZ°æVT£Aºg°ÄögÚk„™bÄöẂ (S‚≠kÓ®c)¿

  B. Wº‰b°W‰éökÚ

ºVÕ≠A÷®E≠ΩY÷AT°ö2-4 WEÏzJx„ºD°J≠Sz≠ ºn≠T°V≠F©g≠d´b≠‰WR~Ab‚≠W©A≠º‰F°V≠ΩWW¿ Äög≠Z°bßV≠ºC≠º‰W°≠

ºn≠T°V≠Hz≠jR”®≠ãöRß≠ºL°b≠èö≠Ek‹≠Bz≠VÚ≠k‰éöWÚ≠k‹≠ºèöC≠kdæk≠n‹ºXö‡≠ V~E≠ºÄö¤≠k©˙¿ Wß≠ΩV“WFΔ®W◊V÷ºV‡ºC≠º‰W°≠

ºnΩRV≠H‹V´k≠ºn≠T°Vj~J¿ ºCº‰W°ñöºkT°≠ΩmV≠≠Hz≠ãöRß≠ºG‡A÷®EF‹≠Zß‡≠Yîöd≠nßAkß°ñöºk≠T°≠ΩmVk‰éöWÚ≠

ÄöRÚf≠Yîöd≠ºíöl:¿

CH CH 2Br2+≡ Br2HC CHBr2–

CH CH H2O+≡ CH3 C

O

H

–

CH CH H Cl–+≡ CH2 CHCl=

CH2 CHCl H Cl–+= CH3 C– HCl2

CaC2 2H2O+ C2H2 Ca OH( )2+

For
 

‰éökÚ‰éökÚ

2 ++

M
PTC-E

bo
ok

s(j°V°≠gAÁ(j°V°≠g

(

Hz≠b´c≠ñöR©bz≠b´c≠ñöR©b

gÚ≠kß°V≠L≠æT≠ºT∫gÚ≠kß°V≠L≠æT≠

k„™bÄöẂ (S‚≠k„™bÄöẂ (S‚≠

2

CHCH3ookoo
Only

Q©nßF

‰Äöb‰Äöb

 CHClCHCl
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1. kdºkd≠d©WbV“≠íöR≠æVb©ºgCßg≠ºn≠ΩRVV~E≠ºn≠T°V¿

2. x„d©WbV“≠T©ºTÕ≠æV≠ñögÚ≠ΩkVV~E≠ñögÚ≠kß°V¿

3. kdºkdkb°≠ÄödRßg„≠Äöd≠‰WR~Ab‚≠ΩLg≠Vz‹x„≠ºC≠k‹≠ºdFXöV≠b©≠ºgCßg :

  V~E ¿

4. kdºkd≠k≠b°Äöd≠äöE‰WR~Ab‚≠nß°≠‰Lz≠RAb‚≠≠≠≠≠≠ºg°≠‰W™≠ΩW≠VV~E≠ºn≠T°V¿

5. F©dC©kkKÀ≠z ✔ A÷®E≠‰W≠nWÚ≠BzEbßBFºbÁ°cQzb´c≠ΩLg≠‰R£b≠‰R™j¿

A. A÷®E≠F‹≠ºQz≠b≠b©≠ºgCßgBzE≠º‰ÄöbºV‡≠ ºR°≠Qzb´c≠Hz≠b©≠ºgCßg≠ñögÚ≠ΩkV ?

     1.           2.      3.     4.

B. ºn≠ΩRVºUÍ°≠‰WR~Ab‚Hzb´c≠F‹≠lz≠c≠T£A≠x„Yg≠Hz≠ºn≠äöQßg¿ ‰WR~Ab‚≠ºV‡≠Hz≠‰WR~≠Ab‚≠ 

  1.WVîöW  2.H‹V´k  3.W©A  4.F‹ºl‡

• öñögÚ≠ΩkV 

- éöV≠d©WbV“≠T©©ºTÕ 

- ºC≠XöV≠jz≠Z°‰ÄöC~JæV≠ñögÚÄöV

- F‹≠ºl‡≠kZÍ≠ñögÚ≠ΩkVx„YgHz≠  V~E 

- ñögÚ≠ΩkVºUÍ°≠‰WR~≠Ab‚≠W©AHz≠b´c    

- ñögÚ≠ΩkVñöF≠F©gd´b≠‰WR~Ab‚≠W©≠g°≠ΩbAb‚¿

• ñögÚ≠kß°V :

- ñögÚ≠kß°V≠éöVd©WbV“T©ºTÕ 

- F‹ºl‡kZÍæV≠ºn≠T°V≠Y“gÚ≠k°≠Rß≠QÏ≠çöZ≠dl©RLgÚ 

- ñögÚ≠kß°V≠ºUÍ°≠‰WR~Ab‚≠W©A≠Hz≠b´c≠ :  ,  ,  , ¿

CnH2n n 2≥( )

CO2 H2O

H2 H2O Br2 Cl2

CnH2n 2– n 2≥( )

3000°C

H2 Br2 H2O HCl

emeronseg≈b

sMNYrniglMhat'

CH2 CHCl= CH3 CHCl CHCl CH3–––

C4H6 C4H10 C4H8 C6H10

For

k≠b°Äöd≠äöEb°Äöd≠äö

C©kkKÀ≠z C©kkKÀ≠z ✔✔

E≠F‹≠ºQF‹≠ºQ

MM
PTC-E

b

g≠ºn≠ΩRVV~E≠ºn≠ΩRVV~

kVV~E≠ñögÚ≠k°VV~E≠ñögÚ≠k°

g„≠Äöd≠‰WR~Ab‚≠g„≠Äöd≠‰WR~A

~~E

Ebo
ok

s 
 , 

Eb
000°C

EEE

CHC V V~~E E 

Only
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C. ºR°≠ãöRß≠WV‘z≠gÚ≠Qzb´c≠ΩLg≠ºCº‰W°≠k‰éöWÚ≠ΩJA≠k‹≠ÅögÚ≠djz≠E≠nß°≠‰L™≠ÄöW´ΩGÓ≠R≠V~E≠nß°≠‰L™ÄöW´≠

b~V≠Tz≠VÚ≠ΩGÓR ?

  1.T£A≠‰W™b           2.T£AA‹ºXöd≠SÁz

  3.k©gßc≠k„®E‰XöAÚ≠V°‰äöR              4.k©≠gßc≠k„®E≠ºYQßg≠Y“z≠ºgnß°V

D. A÷®E≠F‹≠ºQz≠bd©WbV“≠íöRMBzE≠º‰Äöb≠ºV‡ ºR°≠Qz≠b´cΩLg≠kdºkdb~V≠XöV≠‰R£b≠‰R™j ?

6. nß°≠‰L™≠ÄöW´ A  B  C  V~E D éöV≠T‰bEÚ≠b©≠ºgCßgL©FRºTÕ 

ºR°≠b©≠ºgCßg≠Qz≠BÁ‡ ?

A. Hz≠nß°≠‰L™ÄöW´ΩGÓR ?

B. WºEÏ°dZQ¯T£A≠‰W™b ?

C. ºlÕ≠‰W™ΩW≠V ?

D. éöV≠‰WR~Ab‚≠W©A ?

7.   A. kdºkdk≠b°≠Äöd≠Rßg„≠Äöd‰WR~Ab‚≠nß°≠‰L™ΩkVAb‚ Wß˙c -1- ΩnV V~E≠‰W™≠Z°VF‹ºK≠‡≠bßB≠Äöäö≠

      g°Ad  fö ¿

B. ºR°≠éöVñögÚ≠ΩkV≠ºYÎE≠ºT∫R≠ΩLg≠ºUÍ°≠≠nß°≠‰L™≠ΩkVAb‚≠ TT´g≠XöV≠ñögÚÄöV≠L©FA÷®Ek‹Q´d≠≠

(A) ΩLdfºT ?

H

H

C –

H

C

H

– H

H

H

C = C

H

H

H C C H–≡–

2.

3. 4.

H

H

C

H

–

H

C

H

– H– 1.

CH3

H

C = C

H

H

H C C H–≡– H

H

C

H

–

H

C

H

–

H

C

H

H–– H

H

C = C

C

H

= C

H

H

H

A B DC

Ni Pt

For
 ?

R~Ab‚≠W©A ?R~Ab‚≠W©A ?

ºkdk≠b°≠Äöºkdk≠b°≠Äö

M
PTC-E

bo
ok

s 

b ?b ?

H

HH

––

H

CC

HH

––bb

CC

OnlyH

HH

C CC
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8. ‰WR~Ab‚≠W©AAÁdºg°°≠ñögÚΩkVö b´c≠x„YgHz≠O°°°AÁd©ñögÚ≠ÄöVö b´c≠‰W≠ºaTΩLgéöV≠éökAÁd 

%¿

A. ºR°≠ö éöVd©WbV“b©ºgCßgL©Fºb“F ?

B. F©dkdºkdd©WbV“ºk‘°díöRö öV~Eö ‰ZbTz‹Ex„ºÜ‚ö‡jzYE¿

ºCx„  , öV~~~E ¿

9. n°ß‰L™ÄöW´b~VTzVÚΩGÓRö b´c‰WºaT≠ΩLgºUÍ°‰WR~Ab‚W©AHzb´cAÁdV~ET£A äöEºLzckb°Äöd≠≠

Rßg„Äöd‰WR~Ab‚   È

éökb©ºgCßgö C• ¿

A. WEÏzJx„ºD°J≠Sz HzñögÚ≠≠ΩkV¿

B. A‹QRÚd©WbV“ºk‘°díöR ö,≠ö öV~E  ‰ZbTz‹Ex„ºÜ‚ö‡dWkÚjzYE¿

10. ºCFEÚ≠ºUÍ°≠ñöºkT°ΩmVö Z°ÄögÚk„™bÄöW´ΩLgéöVçöZkßT’ö %¿ ºR°ºC‰R™jÄödº‰W°ÄögÚ≠

k„™™™™bÄöW´ºV‡WßV‚zV‰Äöb ?

A B

62.5

A

A B

MCl 35.5g mol 1–⋅= MH 1g mol 1–⋅= MC 12g mol 1–⋅=

A

A Cl2 B→+

A H2O C→+

B 99g mol 1–⋅

A

A B C

52g 90

For
 M

PTC-E
bo

ok
s 

‰ZbTz‹Ex„ºÜ‰ZbTz‹Ex„

k„™bÄöW´ΩLgébÄöW´ΩLgé
Only

äöEº
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≠¿

WEÚ≠ΩkV≠Hz≠kéökãöRß≠‰W≠ºl°d≠b´c≠ΩLgéöV d©WbV“≠b©≠ºgCßg ¿ jz≠Hz≠nß°≠‰L™≠ÄöW´≠b~V≠

TzVÚ≠ΩGÓ≠R BÁz‹E¿ V~b~R“kK≠À≠z≠b©≠ºgCßgWEÚ≠ΩkVäöEºLz≠c≠G≠ºÄöQ≠V~cıRb´c ΩLg≠ñöR©bÄöW©VTz‹E≠

‰Xö‹≠b´c≠ºVÕ≠‰REÚA‹≠Z©g≠GºÄöQ≠ ºl°c≠ñöR©b≠ÄöW©VV°b´c≠›öç»öWÚ≠Hz≠b´c≠ñöR©b≠nß°‰L™≠ΩkVb´c≠¿ ñöR©b≠

ÄöW©V≠ç»öWÚ≠Å÷öäöb≠dc:≠kb⁄ıV’≠b´cHzVÚV~E≠Z°d≠Hz≠VÚºVÕ≠ÖÁökÚ≠Å÷ö (d©WT°ö2)¿

emeronTI

4 GuI®dUkabY®behIr Ó bg'Esn

  

   ❒  kdºkdV~EºlÕºÜ‚ö‡≠b©≠ºgCßgdWkÚ≠k≠éök≠ãöRß‰W≠ºl°d≠b´cF‹V´V¿

   ❒  ºd∫≠WëöWÚ≠Z°≠gA¬Q:d©WV~EgA¬Q:C°b°≠dWkÚ≠WEÚ≠ΩkV¿

   ❒  ZV„gÚV~Ekdºkd‰WR~Ab‚≠Z°g‹≠Vz‹T≠ºEÍ°≠WEÚ≠ΩkV¿

FWÚºbºd∫VºV‡≠ k~kÎñöF

d©WT°ö1 : ñöÅödLÛU‹ºV‡≠‰R™jXöV≠ºCAºb‘F≠ºÑög≠

ºkFA“°≠ºY“°b

kéök≠ãöRß≠Tz‹E≠ïöcΩLgéöV≠jEÚ≠WEÚ≠ΩkVºVÕ≠

A÷®E≠b©ºgCßgºlÕ≠Sz k≠éök≠ãöRß‰W≠ºl°d¿ ºVÕ≠≠Ö÷ö‹ 1825 ≠

Yz≠ëöºL≠XöV≠ΩJAk≠éökãöRß≠‰W≠ºl°d≠ºFJ≠Z°HıdU„™E≠S‚¿ 

ºCx„≠ºÜ‚ö‡≠Sz≠ k≠éök≠ãöRß≠‰Wºl°d Z°º‰K≠‡jz≠éöV≠AÁ~V≠

BÁz‹E≠V~EHz≠T©ºTÕ≠jzéöVAÁ~VC´dx„≠Hz≠WÚ≠F~R“¿
ºLzc

k≠éökãöRß≠‰W≠ºl°d)¿ º‰W°≠d‹≠ºkjY‘®‡ TNT (º‰CØE≠Y‘®‡ΩLg≠Hz≠ 

C6H6

d©WT°ö2 : V~b~R“kKÀ≠zWEÚ≠ΩkVΩWWÑökÚ

kb⁄ıV’Z°dHz≠VÚ

d©WT°ö3 : V~b~R“kKÀ≠zWEÚ≠ΩkVΩWWS‚°

f f

kb⁄ıV’b´cHz≠VÚ
H

H H

HH

H H

HH

H H

H

H

H

H

H

H

H

FFor

À

g≠GºÄöQ≠ GºÄöQ

b≠dc:≠kb⁄ıV’≠b´b≠dc:≠kb⁄ıV’≠b

HH

M
PTC-E

bo
ok

s

Rß≠‰W≠ºl°d≠b´c≠‰W≠ºl°d≠b´c

K≠À≠z≠b©≠ºgCßgK≠À≠z≠b©≠ºgCßg

E≠S‚¿ E≠S‚¿ 

z≠éöV≠AÁ~V≠éöV≠AÁ~V≠
OnOnlyOn
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äöb≠Äödk~AîöΩWWT‹ºV°WWEÏz≠J≠Sz≠ kb⁄ıV≠’≠ÄöW©V 

ÄöW©VTz‹E≠‰Xö‹b´cA÷®E≠b©≠ºgCßgWEÚ≠ΩkV≠éöV≠‰W≠ΩjE≠ 

V~EéöV≠çöZd£E≠éö‹≠L©F≠›Å÷ö¿ L©F≠ºV‡≠ºnm~F≠‰R®E≠≠≠dWkÚ 

ÄöW©VZß‹≠XöV≠FEkb⁄ıV’Z°d≠Hz≠VÚ≠≠ºT≠ ΩR≠jz≠YÁz≠kÚ≠T°ºVÕ≠ºg°≠jEÚ≠

ÄöW©V≠ºTÕ≠j~J¿ kb⁄ıV’≠ÄöW©V-ÄöW©V≠Tz‹E≠‰Xö‹≠b´c≠A÷®E  

b©≠ºgCßg≠WEÚ≠ΩkV éöV≠çöZ≠d£E≠≠éö‹≠Hz≠Ekb⁄ıV’b´cHzVÚ 

ºVÕ≠A÷®E≠b©≠ºgCßg≠ºn≠äöVΩR≠ºBîöcHz≠E≠kb⁄ıV’≠Z°dHz≠VÚ ≠A÷®E≠≠ºn≠T°≠ΩmV¿ 

ºèöEäöbÄödk~AîöºV‡≠ºC≠äöEV~b~R“≠kKÀ≠zb©≠ºg≠CßgWEÚ≠ΩkV≠L©F≠A÷®E≠d©W≠T°ö≠3¿ ºVÕA÷®E≠ºk∫j≠ºçö¤≠ºV‡ 

ºc°E≠º‰W°≠V~b~R“kKÀz≠b©≠ºgCßgWEÚ≠ΩkVTz‹EZ°d≠ΩWW¿

1 .       Vz≠b≠jg°

•    b©≠ºgCßg≠WEÚ≠ΩkVΩLg≠XöV≠LA≠ñöR©bnß°≠‰L™≠ΩkV≠b´McºFJºlÕ≠Sz≠  WQ“®≠‹ ºYV°g¿

•    ºCÑöRÚ≠TßAb©≠ºgCßg≠WEÚ≠ΩkVΩLg≠éöV≠WQ“®‹H‹V´kΩR≠b´cSzHz‰kïöc≠≠WEÚ≠ΩkV¿ 

ºÜ‚ö‡≠‰kïöc≠≠WEÚ≠ΩkV  ºÜ‚ö‡≠WQ“®‹≠H‹V´k  WEÚ≠ΩkV¿

qTzldQˆ≠ 

‰k≠ïöc≠WEÚ≠ΩkV b´c≠F‹V´V≠‰R™j≠XöV≠ºC≠ºlÕ≠äöb≠ºÜ‚ö‡≠ΩLg≠ºCãÁöWÚ≠º‰W°¿

qTzldQˆ≠ 

k‹ÅögÚ

kb⁄ıV’  éöV≠‰W≠ΩjEBÁ°≠HzE≠≠

kb⁄ıV’  ΩR≠kb⁄≠ıV’ ≠éöV≠≠≠

çöZd£Eéö‹≠Hz≠E≠kb⁄ıV’ ¿

C C=

C C–( ) C C=

C C–( )

C C–( ) C( C )=

fC6H5

= +

‰W™b©WEÚ≠ΩkV V°‰R™WEÚ≠ΩkV AÁd©WEÚ≠ΩkV ºn≠T°gWEÚ≠ΩkV nß°k©‰W™Z°gWEÚ≠ΩkV

Br NO2 Cl CH2 CH3– CH3 CH– CH3–

R©gßc≠ΩnV ºY≠Qßg ñöV°g°V k‘°ΩdV

(ºbT°gWEÚ≠ΩkV) (n≠ß°≠‰L®Akß°≠WEÚ≠ΩkV) (j°V°gWEÚΩkV)(ñöb°Q©WEÚ≠ΩkV)

CH3 OH NH2 CH CH2=

For‰k≠ïöc≠WE‰k≠ïöc≠

rV°‰R™WEÚ≠V°‰R™WE

M
PTCºÜºÜ

M
PTC-E

bo
ok

s 
L™≠ΩkV≠b´McºFJV≠b´McºFJ

VΩLg≠éöV≠WQVΩLg≠éöV≠WQ

ºÜÜ

bo
o

bo
o

bobo

==  ºÜÜ

MM
P

MM

2222

Only

E≠≠ºn≠T°≠ΩmVE≠≠ºn≠T°≠Ωm

3¿ ºVÕA÷®E≠ºk¿ ºVÕA÷®E≠º
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•    ÄögQz≠b©≠ºgCßgWEÚ≠ΩkVéöV≠WQ“®‹≠H‹V´kZ°d ºVz‡≠T‰bEÚ≠nß°k©ΩbéöVW°≠‰WºaT≠¿ ºC≠

A‹QRÚT°≠äö‹E≠≠WQ“®‹H‹≠V´k≠V°b´c≠›ºLzc≠ºgB V~EWßZÍWTΩLg≠kb≠‰kW¿≠ ºCº‰W°WßZÍWTnıdR© 

 ºbäö  V~E≠Xöëö ¿

ÄögQz≠WQ“®‹≠H‹V´k≠Tz‹E≠Z°d≠Bßk≠Å÷ö ºCAÛ≠º‰W°≠WßZÍWT≠ nıd≠R©  ºbäö V~E≠XöëöΩLd¿ ºCºlÕ≠WQ“®‹≠

H‹V´k≠≠äöbg‹≠Lz≠WÚ≠nA¬d‰Ab≠nAÎd≠ïöäö‹E¿ WQ“®‹≠H‹V´kΩLg≠ºlÕ≠bßV≠ºC ‰R™j≠ç»öWÚ≠V£E≠ÄöW©V≠ΩLg≠éöV≠

ºgBR©F≠Hz≠E≠ºC¿   qTzldQˆ 

ÄögQz≠éöV≠WQ“®‹≠H‹V´kº‰F°Vºg°kZ°Z°d≠ºC≠º‰W°ΩR≠ºgBWß≠ºQ—z‡k‰éöWÚ≠WK»z≠AÚ≠T°≠äö‹E≠æV≠WQ“®‹≠

H‹V´k¿ qTzldQˆ 

0 –( ) m –( ) p –( )

1,2 - O°AÁd≠©WEÚ≠ΩkV 1,3 - O°≠AÁd©WEÚ≠ΩkV
1,4- O°≠AÁd©WEÚ≠ΩkV 

f nıdR©O°AÁd©WEÚΩkV
f XöëöO°≠AÁd©≠WEÚ≠ΩkV

f ºbäöO°AÁd©WEÚ≠ΩkV

f O-O°AÁd©WEÚΩkV f m-O°≠AÁd©WEÚΩkV f≠ p- O°≠AÁd©≠WEÚΩkV
kéök≠ãöRßTz‹EW°≠ºV‡Hz≠nß°≠k©ΩbV£E≠Å÷ö

Cl

Cl

Cl

Cl

Cl

Cl

m - ‰W™b©AÁd©≠WEÚ≠ΩkV m - nß°c©L´V°≠‰R™≠WEÚ≠ΩkV p- V°‰R™R©gßcΩnV 

1-‰W™b© - 3- AÁd©≠WEÚ≠ΩkV  1- nß°c©L© -3- V°‰R™WEÚΩkV  4- V°≠‰R™≠R©gßc≠ΩnV

Cl

Br

NO2

I

CH3

NO2

m - AÁd©≠ºYQßg O- ºn≠T°g≠ñöV°≠g°V p- AÁd©≠k‘°≠ΩdV 

3 -  AÁd©≠ºYQßg  2 - ºn≠T°g≠ñöV°≠g°V  4 -  AÁd©k‘°≠ΩdV

OH

Cl

NH2 CH CH2=

Cl

CH2 CH3–

 

 

 

 

 

1,3,5 - ‰T°AÁd©≠WEÚ≠ΩkV 3,5 - O°≠AÁd©≠R©gßc≠ΩnV 2,4,6 - ‰T°V°≠‰R™R©gßcΩnV (T.N.T.) 

Cl

ClCl Cl Cl

CH3 CH3

O2N NO2

NO2

Fo

z≠éöV≠WQéöV≠WQFor
 

Ad©≠ºYQßgYQßg

AÁd©≠ºYQßgAÁd©≠ºYQßg

PTC-E
bo

ok
s

bäö V

bßV≠ºC ‰R™j≠ç»bßV≠ºC ‰R™j≠

- nß°c©L´V°≠‰R™≠W nß°c©L´V°≠‰R™

1-1- nß°c©L©  nß°c©L© -3

E-EEEEEEC
EII

M

Only

V~E≠XöëöΩLd¿E≠XöëöΩL

£

dWEÚ≠ΩkV WEÚ≠ΩkV 

O°≠AÁd©≠WEÚ≠ΩkVWEÚ≠ΩkV

O°≠AÁd©≠WEÚΩkVO°≠AÁd©≠WEÚΩkV
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2 .       gA¬Q:d©W≠WEÚ≠ΩkV

WEÚΩkV≠≠ Hz≠nE√ãöRß≠ëöj SÁz Å‚öV≠ZQ¯ éöV≠AÁ~V‰An©W¿ jz≠Ezc≠l´R≠F©g≠ºTÕ≠A÷®E≠B„gÚ≠ Ezc≠

ÖöWºG‡V~E≠díöc≠≠R~F≠R´F≠A÷®E≠T£A¿ WEÚ≠ΩkV≠éöV≠éök≠b©gºk‚°V£E . A‰b~RAA ≠ 

V~E≠A‰b~Rd‹≠Zß‡ ¿

3 .       gA¬Q:≠C°b°

3 . 1      ‰WR~Ab‚F‹ºl‡

WEÚ≠ΩkV R©gßc≠ΩnV ºG‡A÷®E≠B„gÚx„≠ΩYÎE≠ºB‚Õ≠BÁz‹E (ºLz≠c≠jR“≠éöVÄöW©Vb≠RÚ≠æB)¿

F‹ºl‡≠kZÍ≠≠WEÚ≠ΩkVx„Yg≠Hz≠  V~E ¿

F‹ºl‡≠b~V≠kZÍæV≠WEÚ≠ΩkV ‰R™j≠XöV≠ºCnVßjR“≠ºVÕ≠A÷®E≠qkîölAb‚≠ºL°b◊°≠Yg~R≠ºbîö¤≠ÄöW©V≠ZQ¯≠

ºB‚Õ ΩLg≠ºC≠º‰W°k‰éöWÚ≠ºUÍ°≠ºÄö¤k©˙AEÚ≠ïöV S÷z‹≠íöW kß°≠ëö . . .¿

3 . 2      ‰W≠R~Ab‚W©A

  A. ÄödW©AAÁdºg°WEÚ≠ΩkV

‰WR~Ab‚W©Adjz≠EAÁdV~E≠WEÚΩkVñöF‰W‰Z£R“ºTÕ≠XöVºVÕº‰Äöb≠ZVÁ•≠æS≈fZVÁ•≠æV≠F‹ºl‡≠      

éöºJ≠k„™b¿

  B. nß°≠‰L™ΩkVAb‚(ÄödW©Anß°≠‰L™ΩkV)

ºVÕ≠k°≠RßQÏ≠çöZ  ºTÕ  F‹ºK≠‡bßBÄög°Ad  f  WEÚ≠ΩkVºUÍ°≠‰WR~Ab‚≠W©A≠

Hz≠b´c  x„Yg≠Hz≠kß°≠AÁ™≠n~F≠ìöVΩLg≠Hz≠jR”®≠ãöRß≠ºL°≠bk‰éöWÚ≠ºUÍ°≠V°≠m®E¿≠

‰W≠R~≠Ab‚W©AºTÕ≠ºg°≠nß°≠‰L™ÄöW´≠‰≠Wºl°d Z~XöA≠Hz≠E≠‰WR~≠Ab‚≠W©AºTÕºg°≠ñögÚ≠ΩkVV~E≠ñögÚ≠kß°V¿

78.11g mol 1– 5.5°C

80.1°C

CO2 H2O

C6H6
15
2
------O2+ 6CO2 3H2O+

C6H6 3Cl2+ C6H6Cl6

WEÚ≠ΩkV AÁd n~FìöAÁ≠d©kß°AÁ™n~FìöV

ZVÁ•ìöc

200°C 300°C Ni Pt

H2

C6H6 3H2+ C6H12
 kß°AÁ™n~F≠ìöV

Ni t,

Fornß°≠‰L™ΩkVAnß°≠‰L™ΩkVA

r

H6

WEÚ≠ΩkVΩkV

M
PTC-E

bo
ok

s 
R“≠ºVÕ≠A÷®E≠qkîöVÕ≠A÷®E≠qkî

íöW kß°≠ëö . íöW kß°≠ëö . 

E≠WEÚΩkVñöE≠WEÚΩkVñ

COCO22 33++ 3H3H

++

OnlyjR“≠éöVÄöW©Vb≠RÚ≠æjR“≠éöVÄöW©Vb≠RÚ≠æ
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3 . 3      ‰WR~Ab‚≠H‹V´k

SÍ°≠ºW°≠jEÚ≠WEÚ≠ΩkVéöV≠kb⁄ıV’ÄöW©V-ÄöW©VZ°d≠Hz≠VÚ ΩR≠WEÚ≠ΩkVñöFx„≠‰WR~Ab‚≠H‹V´kL©F≠ñögÚ≠

ÄöV≠ΩLd¿ ‰WR~Ab‚≠H‹V´k≠ºV‡≠b~V≠ñöFºA°RéöV≠F‹ºK≠‡≠ñögÚ≠ΩkVV~E≠ñögÚ≠kß°VºT¿

  A. ‰WR~Ab‚≠H‹V´k≠ºLz≠cñöm™≠ΩkV (fñöm™≠ΩkVAb‚)

F‹ºK≠‡≠bßB≠Äöäög°Ad  WEÚ≠ΩkV≠ºUÍ°≠‰W≠R~≠Ab‚≠H‹V´k≠Hz≠b´c≠ ‰W™böfAÁd¿

‰WR~Ab‚H‹V´kºLzcñöm™ΩkV ‰W‰Z£R“ºTÕ≠dl©RLgÚ≠nkÚ≠ñöR©b≠nß°≠‰L™ΩkV¿

‰WR~Ab‚H‹V´kºg°AT°ö2 ºCTT´gXöV≠gåöc≠nß°≠k©ΩbW°≠‰W≠ºaT :

≠≠  B. ‰WR~≠Ab‚H‹V´kºLz≠c≠WQ“®‹ (fV°≠‰TAb‚)

V°‰TAb‚WEÚΩkV : A÷®E≠çöZ‰RHz≠AÚñökß°R≠V°≠‰T~FéöVn‹≠ºZ°ºg°≠WEÚ≠ΩkV F‹ºK≠‡≠bßB≠ñökß°R≠

kß˙g≠≠≠Y´d~FBz≠WÚx„Yg≠Hz≠b©Q©V°‰R™WEÚΩkV¿

H + Cl2 Cl + HCl
FeCl3

AÁd©WEÚΩkV

C6H6 + Br2 C6H5 Br– + HBr
FeBr3

‰W™b©WEÚ≠ΩkV

1,3-O°AÁd©WEÚΩkV f ºbäöO°AÁd≠©WEÚΩkV 

1,2-O°AÁd©WEÚΩkV f nıdR©O°AÁd≠©WEÚΩkV 

1,4-O°AÁd©WEÚΩkV f XöëöO°AÁd≠©WEÚΩkV 

Cl Cl2

Cl

Cl

Cl

Cl

Cl Cl

NO2–

H + HO NO2– NO2 H2O+
H2SO4

b©Q©V°≠‰R™WEÚΩkV

50 60→( )°C

ForV´kºLz≠c≠WV´kºLz≠c≠W

b‚WEÚΩkV : b‚WEÚΩkV 

YgHzgH

M
PTC-E

bo
ok

skÚ≠ñöR©b≠nß°≠‰L™ΩkñöR©b≠nß°≠‰L™Ω

W°≠‰W≠ºaT :W≠ºaT :

C-EC-EEE
TCCC

M
PT

EE

ClCl

CCll
Only+ H+
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ºVÕ≠k°Rß≠QÏçöZ‰W≠Ωlg ºCXöV :

V°≠‰TAb‚R©gßcΩnV : R©gßc≠ΩnVfºbT°g≠WEÚ≠ΩkVéöV≠‰WR~Ab‚≠H‹V´kHz≠b´c≠ñökß°R≠V°≠‰T~F≠

F‹ºK≠‡≠bßBñökß°R≠kß˙gY´d~FBz≠WÚ ºCXöV‰T°V°≠‰R™R©gßcΩnV (T.N.T.)¿

3 . 4      W©g°ΩbAb‚≠k‘°ΩdV

W©g°ΩbAb‚k‘°≠ΩdVx„YgHz W©g°k‘°≠ΩdV (P.S)¿

4 .       nß°≠‰L™ÄöW´‰W≠ºl°d≠ZlßjEÚ

nß°≠‰L™ÄöW´‰W≠ºl°d≠ZlßjEÚHz≠ nß°‰L™ÄöW´ΩLg≠éöVjEÚWEÚ≠ΩkVºVÕ≠Hz≠WÚ≠›Å÷ö¿

qTzldQˆ 

80°C

1,3,5- ‰T°V°‰R™WEÚΩkV1,3 - O°V°‰R™WEÚΩkV

NO2

NO2

NO2

NO2O2N

1-  ºbT°g -   2,4,6 -   ‰T°V°‰R™WEÚΩkV f ‰T°V°‰R™R©gßcΩnV

H2SO4

CH3

3HNO3

CH3
NO2O2N

NO2

3H2O

d©WT°ö4 : jR”®≠º‰W°‰XökÚºUÍ°n‹Z°W©g°k‘°≠ΩdV
W©g°k‘°ΩdV ( P.S)

CH2 CH= CH2– CH– – n

f

Qz≠WÚ≠äöΩmV nEÚ≠‰äöΩkV ºYQEÚΩ‰RV

nEÚ≠‰äöΩkVV~E≠ºYQEÚΩ‰RVHz≠nß°≠k©ΩbV£EÅ÷ö¿

For

ÄöW´‰W≠ºW´‰W

nß°≠‰L™ÄöW´‰W≠ºl°nß°≠‰L™ÄöW´‰W≠ºl

TzldQzldQ

M
PT

ºl°dl°

PTC
PTCTCTCTCTC

W©g

C-E
bo

ok
s 

k‘°≠ΩdV (ΩdV (P.SP.S))

g -   2,4,6 -  2,4,6 -  

OO22

22 CCHH22 CCHH

Only

3H3H22OO
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5 .       TºEÍ°V~E≠Wº‰b°W‰éökÚ

U„™E≠S‚ Hz≠‰W≠aZèöEk‹≠Bz≠VÚΩLg≠Y“gÚWEÚ≠ΩkVV~E≠nß°≠‰L™≠ÄöW´≠‰Wºl°dLæTºT∫R (R©gßc≠ΩnV 

Qz≠WÚ≠äöΩmV ºY≠QEÚ‰R™g°V . .)¿ SÍ°≠ºW°WEÚ≠ΩkVV~E≠ã≠öRß‰kïöc≠dWkÚ≠jzñöFTz≠JºFJ≠Z°≠Hıd≠U„™≠E≠

S‚ΩR≠Wd~≠éöQèöEº‰F°VæV≠WEÚ≠ΩkV ‰R™j≠XöV≠Yg~RºFJ≠≠Z°≠º‰WE≠ÄöR¿ qTzldQˆ≠ : ºC≠Yg~R≠WEÚ≠

ΩkV≠Z°≠n~FìöV 

WEÚ≠ΩkV Hz≠jR”®≠ãöRßºL°b≠k‰éöWÚk‹≠ºèöCk≠éökãöRßkd°≠ëöE√L≠æT≠ºT∫RL©FHzV°‰R™WEÚ≠ΩkV    

AÁd©WEÚ≠ΩkV gıB V~E≠S÷z≠‹≠ºZT„¿ ºCAÛ≠º‰W°≠jz≠Hz≠jR”®≠ãöRß≠ºL°bk‰éöWÚ≠k‹≠ºèöCd©W≠ãöRß≠XÁök‘~F (PS) V~E≠

HznE√≠ãöRßd‹≠íöc¿

1. kdºkdd©WbV“≠íöR≠æV≠b©≠ºgCßgWEÚ≠ΩkVV~E≠R©gßc≠ΩnV¿

2. kdºkd≠kb°ÄödRß≠g„≠Äöd≠‰W≠R~Ab‚≠F‹ºl‡≠kZÍ≠≠WEÚ≠ΩkVA÷®E≠nßA≠kß°≠ΩkV¿

3. x„d©WbV“≠b©≠ºgCßgV~≠EºÜ‚ö‡Yg~R≠Yg≠ΩLgTT´g≠XöV≠Z°≠‰W≠R~Ab‚≠W©A≠æV≠nß°≠‰L™≠ΩkVºg°≠b©ºgCßg≠

WEÚ≠ΩkV¿

4. x„d©WbV“≠íöR≠æV≠Qz≠WÚ≠äöΩmVV~E≠nEÚ≠‰äöΩkV¿

CH3 CH2 CH2– CH2 CH2– CH3––– 4H2+
Äöäög°Ad(Aºé“ö¤) 

n~FìöV

• WEÚ≠ΩkVéöV≠d©WbV“b©≠ºgCßg  ¿

• b©≠ºgCßgjz≠äöEºLz≠cV~b~R“kKÀ≠z : ¿

• WEÚΩkVHz≠nE√ãöRß≠ëöjºVÕ≠k°≠Rß≠QÏ≠çöZWV‘WÚ¿ jz≠Ezc≠l´RºVÕ≠A÷®E≠B„gÚV~E≠EzcÖöWºG‡¿

• ‰WR~Ab‚≠W©AdWkÚ≠nß°≠‰L™≠ΩkVfAÁd ºTÕ≠ºg°≠b©≠ºgCßg≠WEÚ≠ΩkVZ~XöA≠kº‰bF≠Qz≠kÚ¿

• ‰W≠R~Ab‚H‹V´kºTÕ≠ºg°≠b©≠ºgCßgWEÚ≠ΩkV ‰W‰Z£R“ºTÕ≠ºLz≠cEzc≠‰k¨gºVÕ≠F‹ºK≠‡≠bßB≠      

Äöäö≠g°Ad¿ Yg~R≠YgæV≠‰W≠R~Ab‚≠ºV‡≠éöV≠ìöd:k‹≠Bz≠VÚ≠A÷®E≠ÄödnVßjR“≠ºYÎE≠›¿

C6H6

f

H( 2 Cl2 ),

emeronseg≈b

sMNYrniglMhat'

For

íí

rrr M
PTC-E

bo
ok

s 

M
PTC-E

bo

WV‘WÚ¿ jz≠E

gCßgWEÚ≠ΩkV 

gæV≠‰W≠R~Ab‚≠

M
PTC-E

bo
ok

EbEEbEbEEb

OnlyL©FHzV°‰R™WEÚ≠ΩkL©FHzV°‰R™WEÚ≠Ωk

Cd©W≠ãöRß≠XÁök‘~F d©W≠ãöRß≠XÁök~
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5. kdºkdd©WbV“íöR≠æV≠k≠éök≠ãöRß≠Bz≠Eº‰Äöb 

A. ºb≠äöV°≠‰R™≠R©gßc≠ΩnV B.≠ ºb≠äöO°V°≠‰R™≠WEÚ≠ΩkV

C. 2,6- O°‰W™b© - 4- AÁd≠©R©≠gßc≠ΩnV D. ≠T.N.T. E. PS

6. W‹ºZJk≠b°≠ÄödRß≠g„≠Äöd≠‰WR~≠Ab‚≠BzE≠º‰ÄöbV~Ekdºkdd©WbV“≠íöR≠æV≠nE√ãöRß≠AºA°R  

A. 

B. 
   

C6H6 6Cl2+ …………… + …………FeCl3

C6H5 CH3 3HNO3+– …………… + …………
H2SO4

For
 M

PTC-E
bo

ok
s O

nly

……
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1. F©dC©kkKÀ≠z ✓A÷®E≠‰W≠nWÚ≠Bz≠EbßBFºbÁ°c‰R£b≠‰R™jΩLg≠éöV≠ΩR≠b´c≠CRÚ¿

A. ºR°≠‰W≠çöC≠Qz≠b´cΩLg≠ºC≠º‰W°k‰éöWÚ≠íöc≠Hz≠b´c≠S‚ V~EBîöFÚºl°c≠cAºTÕ≠‰Äög≠S÷gÚ 

. Z„™g  Äöì̇ögÚ  Qz≠WÚ≠äö  W˙¢T©b

B. k≠éök≠ãöRß≠WE¡k‹≠Bz≠VÚæV≠qk‚ıVUb‚Hz≠R~C• 

 ºn≠äöV ºbäöV       ‰W™XöV        Wß˙c≠äöV

C. W‹≠Q~R≠‰W≠çöCæV≠º‰W≠EÄöRHz 

‰W≠R~Ab‚≠C°b°                         ‰WR~WR“~≠Äöd≠F‰éöJ≠Úº‰WEÄöR

WºFΔA≠ºTkTz≠JcA≠º‰WEÄöR ‰ÄöC~JYg~R≠Yg≠º‰W≠EÄöR

D. ºW°≠n÷A≠ºUÍ°≠‰ÄöC~Jb©≠ºgCßgºL≠ÄöV ºR°≠n÷AñöFTT´g≠XöV≠kéökãöRß≠Qzb´c 

           ¿

2. ìö‹Ekß˙W≠ΩZHz≠ìö‹E≠ΩLg≠éöV≠CßQ≠çöZB⁄kÚ A÷®E≠ºVz‡éööVnß°k©nßA≠äöV %¿ nß°k©≠nßA≠äöV≠ f≠ 

‰T°ºb≠T°gWEÚäöVHz≠nß°≠k©≠Ωb≠æV≠nßAäöV¿ kdºkd≠d©WbV“≠≠ºk‘°díöR≠æVnß°k©nßA≠äöV¿

3. ñögÚ≠ÄöV≠≠ΩBÎ≠ºW°Ab́c≠éöV≠éökb©≠gb©≠ºgCßg . ¿

A. A‹QRÚd©WbV“≠ñögÚ≠ÄöVºV‡¿

B. kdºkdd©WbV“≠ºk‘°d≠íöRV~E≠x„ºÜ‚ö‡æV≠WQ“z≠nß°≠k©ΩbΩLg≠≠ñöFéöV¿

4. A. kdºkd≠kb°Äöd≠F‹ºl‡≠kZÍæV≠ñöºkT°≠ΩmVV~E≠ºn≠T°≠ΩmV¿

B. ºCcA≠ñöºkT°≠ΩmV V~Eºn≠T°≠ΩmV  íöc≠F©g≠Å÷ö¿ dAéöOnßAkß°≠ΩkV≠Ñö‹≠XöFÚ≠ 

k‰éöWÚ≠F‹ºl‡≠kZÍgåöc≠qk‚ıVºV‡¿ CQVzé≠ökÄöW©VO°≠nßA≠kß°≠R≠AºA°R¿ 

ºCx„≠éöOb©≠gqk‚ıV . ¿

5. n≠ß°‰L™≠ΩkVAb‚ñöºkT°≠ΩmVΩLg≠éöV≠éöO  F‹ºK≠‡bßB≠Äöäög°AdV°≠ΩAg  ‰R™j≠Äöd≠nß°‰L™≠ΩkV 

¿ dA≠éöO≠ñöºkT°≠ΩmV≠ ΩLg≠XöV≠º‰W°¿ éöOb©≠gqk‚ıVºVÕ≠A÷®E≠gA¬≠BQœ≠≠Z~ºìöUVˆC• 

. ¿

sMNYrniglMhat'CMBUk 4

C10H22

C10H22 C5H12 C12H24 CO2

98

2 2 4 –, ,

M 58g= mol 1–

1L 1L

V M 22.4L= mol 1–

V Ni

10g V

V M 22.4L= mol 1–

For

m

kZÍgåöc≠qZÍgåöc

b©≠gqk‚ıb©≠gqk‚ıV V

ñ ºkñ ºk

M
PTC-E

bo
ok

sgR≠Y

TT´g≠XöV≠kTT´g≠XöV≠k

Vz‡éööVnß°k©nVz‡éööVnß°k©

AäöV¿ kdºäöV¿ kdº

gCßgCßg g 

E≠x„ºÜ‚ö‡æVE≠x„ºÜ‚ö‡æ

l‡≠kZÍæV≠ñöºkkZÍæV≠ñöº

V VV ~E~EVV

C12HH2424

=

Only

c≠äöVäöV

‰éöJ≠Úº‰WEÄöR‰éöJ≠Úº‰WEÄö

g≠º‰W≠EÄög≠º‰W≠E
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6. A. kdºkd≠kb°≠Äöd≠Rßg„≠Äöd‰WR~≠Ab‚≠nß°≠‰Lz≠RAb‚ñöºkT°≠ΩmV¿

B. dA≠éöknE√ãöRß≠ΩLg≠TT´gXöV≠Z°≠‰WR~Ab‚nß°≠‰LzRAb‚≠ñöºkT°≠ΩmV ¿ 

ºCx„≠éöO≠b©≠gqk‚ıV . ¿

7. nß°≠‰L™ÄöW´  b´céöV≠‰WR~Ab‚≠W©A≠Hz≠b´c≠‰W™b¿ ºCL£E≠Sz ºW°ºCº‰W°≠nß°≠‰L™ÄöW´b´c≠b©g ºC≠‰R™j≠

Äöd‰W™bb´c≠b©≠g≠ΩLd¿ ºW°≠ºC≠ºUÍ°≠nß°≠‰L™≠ΩkVAb‚≠ F‹V´V  ºC‰R™j≠Äödnß°≠‰L™≠ΩkV ¿ 

A‹QRÚ≠d©WbV“≠b©≠ºgCßg≠æV≠nß°≠‰L™≠ÄöW´ ¿

8. ºC≠cAgåöc≠ºn≠ΩRVV~E≠ºn≠äöV  x„éöV≠‰WR~Ab‚≠Hz≠b´cnß°≠‰L™≠ΩkV  F‹ºK≠‡≠bßB≠

Äöäög°Ad ¿ º‰Äöc≠‰W≠R~≠Ab‚≠ºCTT´g≠XöV≠gåöc≠qk‚ıV ¿ CQVzéöOºn≠ΩRVV~E≠

ºn≠äöV≠ºVÕA÷®E≠gåöc≠ºL°b¿

9. ‰ÄöC~Jn≠~WäöVñöFTT´g≠XöV≠Wß˙c -1-öΩnV V~E≠ñögÚ≠ÄöVb´c≠‰WºaT¿

A. F©dA‹QRÚ≠ºÜ‚ö‡≠ñögÚ≠ÄöV¿

B. kdºkd≠kb°≠Äöd≠Rß≠g„≠Äöd‰WR~Ab‚≠‰ÄöC~JºLzc≠º‰W°d©WbV“≠ºk‘°d≠íöR¿

10. A. äöb≠Äödj~çöC≠WEÏz≠J≠Sz≠ F‹ºl‡≠kZÍ≠æV≠nß°≠‰L™≠ÄöW´≠  F‹V´V≠  ºCTT´g≠XöV≠ÄöW©V≠O≠°nßA≠

kß°R≠  V~E≠T£A≠ ¿ A‹QRÚ≠d©WbV“≠EzcæVnß°≠‰L™≠ÄöW´≠ ¿

B. nß°≠‰L™≠ÄöẂ≠  ºV‡≠éöV≠n‹≠ºZ°≠Hz≠b´c≠nß°≠‰L™≠öΩkVF‹ºK≠‡≠bßB≠Äöäög°Ad≠  ºCTT´gXöV≠nß°‰L™≠ÄöẂ≠

ΩGÓRb´c≠ΩLg≠éöVd©WbV“≠b©≠ºgCßg ¿ ºR°≠nß°≠‰L™ÄöW´≠  éöV≠d©WbV“≠íöR≠L©Fºb“F≠ ?

11. A. k≠éökãöRß≠  éöVd©W≠bV“b©≠ºgCßg  ΩLg≠b©≠ºgCßg≠jz≠éöV≠jEÚ≠WEÚ≠ΩkV≠b´c¿ 

x„ºÜ‚ö‡≠V~E≠d©WbV“≠íöR≠æV≠k≠éök≠ãöRß ¿

B. k≠éökãöRß≠ ñöF≠ºUÍ°≠‰WR~Ab‚≠≠W©≠g°ΩbAb‚≠x„≠Yg≠Hz≠W©≠g°Ωb ¿ F©dkdºkd≠k≠b°Äöd≠Rßg„≠

Äöd‰WR~Ab‚≠W©≠g°ΩbAb‚≠ºV‡V~Ex„ºÜ‚ö‡W©≠g°Ωb ¿

100L

V M 22.4L= mol 1–

A

A 3.5g 1.12L

A

70cm3 40cm3

Ni 80cm3

A 0.46g

1.54g 0.36g A

A Pt

C7H14 A

B C8H8

B

B C

C

For

ß

RAb‚≠W©≠g°ΩbAb‚≠W©≠g°Ωb

MM
PTC-E

bo
ok

s Vb´c≠‰

Lzc≠º‰W°d©Wbc≠º‰W°d©Wb

V≠nß°≠‰L™≠ÄöW´≠V≠nß°≠‰L™≠ÄöW´≠W≠W

QRÚ≠d©WbV“≠EzcWbV“≠Ezc

Hz≠b´c≠nß°≠‰L™≠öΩkz≠b´c≠nß°≠‰L™≠öΩk

ºgCßºgCßg g 

©W≠bV“b©≠ºg©W≠bV“b©≠ºg

V“≠íöR≠æV≠k≠éíöR≠æV≠k≠é

°°

AA

R≠d©WbV“≠EzcR≠d©WbV“≠Ezc

CC HH

VV W≠bVb≠ºgW≠bVb≠ºgdd

BB ñöFñöF≠ºU°FF

Only

kV 

¿ CQVzéöCQVzé

‰WºaT¿‰WºaT

40cm40c
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Ak~Ad≠ãÁöWÚ≠ΩR≠Z£E≠ΩYÓAºTÕ≠ºg°≠ìöd≠ãöRß≠Ub‚≠Hz≠R~≠ºL°b◊°≠

WºE¡°≠VH°j≠Hz≠R~≠L° ΩLg≠XöRÚ≠WEÚ≠ºLzc≠ìöd≠dßA¬≠HzR~≠‰k™W≠cA¿ 

íöbA≠kRÍ V~E≠≠≠≠≠Äöd≠ZßA≠YßcdWkÚ≠dßA¬Hz≠R~≠ C•≠Hz≠ìöd≠ãöRß≠Ub‚≠

HzR~ΩLg≠Ak~≠AdΩRE≠º‰W°≠Hz≠c©d≠bA≠ºl°c¿≠≠≠ WFΔ®W◊V÷≠≠ºV‡≠

ºLzc≠n≠‰äö≠A‹ºQ°V‰WHz≠HV≠ºA°°V≠≠è≠öE≠ºgÆV L©FºV‡ºC≠‰R™j≠

Äöd≠ºk◊ª≠Eñölz≠d≠èöEº‰F°V ºL°b◊°≠Y√RÚ≠Y√EÚH°≠j≠çöZdkÚ≠ºVÕ¿ L©ºF÷‡≠ºL°b◊°≠W‹ºZJ≠R‰b™jÄöd≠Ñö‹≠XöFÚ≠ºV‡≠ 

Ak~Ad≠‰R™j≠Äöd‰W≠aZ≠ìöd≠ãöRß≠F~KΔ£bH°≠ºYÎ≠EºT∫R ºL°b◊°≠WºE¡°≠V≠T~V÷Yg≠L‹Qz‹¿ 

H°≠C°b°Hz≠kéök≠ãöRß≠ΩLg≠Y‘®A≠V©j≠ìöd≠ãöRßF~KΔ£b ºL°b◊°≠H´cWºE¡°VÄöd≠g©R≠íökÚdWkÚ≠dßA¬Hz≠R~¿≠ 

ºC≠≠≠WΩV”b≠H°≠ºTÕ≠A÷®E≠L°ºL°b◊°≠WºE¡°V≠Yg≠L‹≠Qz‹¿

1 .           k≠éök≠çöZH°

ãöRß≠WE¡H°≠k‹≠Bz≠VÚ≠›C• ñök©R  Y©kÍd ≠V~EW©≠äök„™b ¿

1 . 1       H°kd°≠ëöE√

H°≠kd°≠ëöE√W‹≠ΩgE≠ºTÕ≠Hz≠ìöd≠ãöRß≠B≠V~H º‰Äöb≠n‹≠ºZ°≠æV≠XöAÚ≠ºRd°ºL°b◊°≠x„dßA¬Hz≠R~≠‰k™WcA≠jz≠XöV¿≠

H°kd°≠ëöE√ñöF≠TºEÍ°XöVäöb≠Ub‚≠Hz≠R~V~E≠äöb≠qkîölAb‚≠¿ H°≠kd°ëöE√≠éöV≠‰W≠aZ≠Z°Aºb‘FA‹≠T°≠ZßA≠YßcæV≠

dßA¬Hz≠R~ ÄöAk‹QgÚ≠kRÍL©FHz≠ íöbA≠kRÍ GÓ£E Ωk◊AHz≠ºL°b¿ H°≠‰W≠ºaT≠ºV‡≠kb◊™d≠ºTÕ≠≠ºLzcãöRß≠

ñök©R Y©kÍd V~E≠W©≠äök„™bΩLg≠dßA¬Hz≠R~≠‰R™j≠Äöd≠Ñö‹≠XöFÚ≠k‰éöWÚ≠Äöd≠g©R≠íökÚ¿

qTzldQˆ È  H°≠nß˙≠c≠ºd Hz≠H°≠kd°ëöE√ ΩLg≠éöVºVÕA÷®E≠T£A≠ºVzb¿ A÷®E≠qkîölAb‚≠ñöF≠TºEÍ°≠jz≠

Z°≠ñöb©≠Jz≠AÚ  V~E≠ÄöW©V≠O°≠nßAkß°R≠ ¿≠ H°nß˙≠c≠ºd≠éöV≠d©WbV“ ¿

CIKImIKImIGnuvt†n°

  

  ❒  WEÏzJ≠Z°≠kéök≠çöZdWkÚ≠H°¿

  ❒  ZQ¯Vz≠Z°≠R´≠Vz≠T°≠dWkÚ≠k≠éökçöC≠YÎ≠‹≠V°b´c›dWkÚ≠H°¿

  ❒  nVßjR“F‹≠ºQ‡L£E≠æVWº‰b°W‰éökÚH°≠C°b°≠A÷®E≠H°j≠çöZ≠‰W≠Ñö‹≠æS≈¿

FWÚºbºd∫VºV‡≠ k~kÎñöF

d©WT°ö≠ 1 : Fé¡ödWΩVÁ

N( ) P( ) K( )

N( H3 ) CO2( ) CO NH2( )2

For
 VÚ≠›C• ñöC 

W‹≠ΩgE≠ΩgE≠

M
PTC-E

bo
ok

ºC≠‰R™j≠‰ ™

dkÚ≠ºVÕ¿ L©ºdkÚ≠ºVÕ¿ L©º

T∫R ºL°b◊°≠WºE°T∫R ºL°b◊°≠Wº

ìöd≠ãöRßF~KΔ£b ìöd≠ãöRßF~KΔ£b

g≠L‹≠Qz‹¿g≠L‹≠Qz‹¿

ñ kkRR

Onlynlynly
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1 . 2       H°≠n≠kd°≠ëöE√

  A. H°≠ºTz≠g

H°≠ºTz≠gC•≠Hz≠H°ΩLg≠éöV≠ãöRßWE¡H°≠ΩR≠b´c≠‰W≠ºaTC• N  P f K¿

• H°≠ñök©R : H°≠ñök©R≠ñöFY“gÚãöRß≠ñök©RºTÕ≠x„dßA¬Hz≠R~≠º‰Äöb≠kQŒzVZ°d≠èöE 

- Hz≠nß°≠cßEV°≠‰äöR   L©F≠Hz≠k©L„™bV°≠‰äöR  ÄögÚ≠k„™bV°‰äöR 

 V~E≠éöºJ≠k„™bV°≠‰äöR ¿

- Hz≠nß°≠cßE≠ñöb©≠J™b    L©FHz≠ñöb©≠J™≠b≠kß˙g≠YzR   V~E≠nß˙cºd 

¿ H°≠ñök©RΩLg≠k‹≠Bz≠VÚHz≠EºCC• ñöb©J™bV°≠‰äöR ¿

• H°≠Y©ìÍöR : H°≠Y©ìÍöRY“gÚ≠ãöRß≠Y©≠kÍd º‰ÄöbkQŒzVHz≠nß°≠cßE 

- H°≠Y©≠ìÍöRUb‚≠Hz≠R~ : éöV≠ãöRßWE¡≠k‹≠Bz≠VÚC• ÄögÚ≠k„™bY©≠ìÍöR  ΩLg≠Hz≠n‹≠W~g≠

b~V≠díöc≠A÷®E≠T£A¿

- H°≠kß˙cΩZ≠Y©≠ìÍöR Hz≠Yg~R≠Yg≠ΩLg≠XöV≠bAZ°≠n‹≠ºZ°æV≠ñökß°R≠kß˙g≠Y´d~F  fñökß°R≠

Y©kÍ≠d~F  ºTÕ≠ºg°≠Y©ìÍöRUb‚Hz≠R~¿

ºVÕ≠‰WºTkAb⁄®Hz≠ºc°E≠ Ωd≠Y©≠ìÍöRéöV≠ºVÕA÷®E≠ºBR“A‹≠ZR¿ dßA¬Hz≠R~≠ñöF≠‰k™W≠Y©≠ìÍöR≠Ub‚Hz≠R~XöV≠

è≠öE≠g‹≠XöA Z°º‰K≠‡jz≠Hz≠n‹≠W~gdíöc≠R~F L©FºV‡≠ºC≠‰R™j≠cA≠jz≠ºTÕ≠ΩA≠æF÷k~V¿

L©FºV‡≠ºL°b◊°≠XöV≠H°≠Y©ìÍöR≠díöc≠º‰F°V ºC≠‰R™j≠W‹≠ΩgE≠nß°≠cßE  æV≠ÄögÚ≠k„™bY©ìÍöR≠

Ub‚HzR~≠≠ºTÕ≠Hz≠nß°≠cßE  ºLz≠c≠WΩV”b≠nß°cßE æV≠ñökß°R≠  f ¿

• H°≠W©≠äök„™b : H°≠W©≠äök Y“gÚ≠ãöRß≠W©≠äök„™b º‰Ä≠öbkQŒzVHzn≠ß°cß≠E ¿ ºC≠º‰F°V≠º‰W°≠jz≠

º‰Äöb≠kQŒzVHz≠n‹≠W~g≠W©≠äök„™bAÁ≠d´ ¿

  B. H°≠kéök

H°≠kéök≠HzH°ΩLg≠ñöFY“gÚV©j≠ãöRßWE¡ß≠H° èöEºlzF≠Qz≠kÚ≠Z°d≠èöEæV N  P  f  K¿       

H°≠kéök≠k‹≠Bz≠VÚ›≠ΩLg≠Yg~R≠ºVÕ≠A÷®E≠qkîölAb‚éöV≠ 

• H°≠ºTÍãöRß≠ Hz≠H°≠ΩLg≠éöV≠ãöRßWE¡≠H°ö2öbßB :  NP   NK  f  PK¿

qTz≠ldQ̂ : NP  L©FHz≠ ñöb©≠J™≠bO°≠nß°≠‰L™≠ΩkQ©Y©ìÍöR  

NK  L©FHz≠ W©≠äök„™b≠V°‰äöR 

PK  L©FHz≠ W©≠äök„™bO°≠nß°≠‰L™≠ΩkQ©Y©≠ìÍöR 

• H°≠‰R°≠ãöRß : Hz≠H°≠ΩLg≠éöV≠ãöRß≠WE¡≠W°≠bßBC• ¿

NO3
–( ) NaNO3( )

Ca NO3( )2 Mg NO3( )2

NH4
+( ) NH4( )2SO4

CO NH2( )2 N( H4NO3 )

Ca3 PO4( )2

H2SO4( )

H( 3PO4 )

PO4
3–

H2PO4
– H + H2SO4 H3PO4

K +

K( Cl )

NH4( )H2PO4

KNO3

KH2PO4

NPK

For
 k

kéök≠HzH°ΩLkéök≠HzH°ΩL

H°≠kéök≠k‹H°≠kéök≠

M
PTC-E

bo
ok

s bY©≠ìÍìÍ Rìì

AZ°≠n‹≠ºZ°æV≠ñön‹≠ºZ°æV≠ñö

b‚Hz≠R~¿b‚Hz≠R~¿

éöV≠ºVÕA÷®E≠ºBR“é V≠ºVÕA÷®E≠ºBR“

c≠R~F L©FºV‡≠ºc≠R~F L©FºV‡≠

íöc≠º‰F°íöc≠º‰F°V V

 ºLz ºLz≠c≠WΩ≠c≠W

W©≠äök Y“gÚ≠ãöäök Y“gÚ

Hz≠n‹≠W~g≠W©≠äöHz≠n‹≠W~g≠W©≠ä

Only

 V~E 

ä R N( HH NOO

a3(
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  C. TºEÍ°≠H°≠ñök©R 

H°≠ñök©RçöC≠º‰F°V≠T≠ºEÍ°≠ºFJ≠Z°ñöb©JzAÚ  V~E≠ñökß°R≠V°≠‰T~F ¿ H°≠ñök©R≠

k‹BzVÚ≠›d´b≠éöVñöb©≠J™bV°≠≠‰äöR≠ nß˙cºd V~E≠ñöb©≠J™bkß˙≠gYzR¿ C‹V©käöEBz≠Eº‰ÄöbºV‡ WEÏz≠J≠Z°≠

g‹≠Vz≠‹≠æV≠Äöd≠Yg~R≠H°≠ñök©RºVÕ≠A÷®E≠qkîölAb‚¿

2 .           R´Vz≠T°≠dWkÚ≠k≠éök≠çöC≠V°b´c≠›≠dWkÚH°

dßA¬≠Hz≠R~≠‰R™j≠Äöd≠ãöRßC°b°≠Hz≠º‰F°V≠‰W≠ºaT≠ºL°b◊°≠‰T≠‰TEÚLgÚ≠Äöd≠g©R≠íökÚ≠ ΩYÁÁ≠Y¡z V~E≠Äöd≠WV“≠Z©H¿

ãöRß≠k‹≠Bz≠VÚ›Tz‹E≠ºVz‡≠éöV≠ãöRß≠ N P V~E≠ K¿≠ ºR°≠ãöRß≠k‹≠Bz≠VÚV°b´c›≠ºV‡≠Y“gÚ≠ìöd≠‰W≠ºèöHVˆ≠nÍ°≠BÁ‡≠LgÚ≠≠

dßA¬Hz≠R~ ?

ãöRß≠ñök©R (N)

dßA¬Hz≠R~‰R™j≠Äöd≠ñök©RºL°b◊°≠Yg~R≠‰W™≠ºR≠nß°V≠k‰éöWÚ≠

Äöd≠g©R≠íökÚ¿≠ ñök©©RH´cLgÚ≠Äöd≠g©R≠íökÚ≠≠≠dWkÚ≠kÁ£AV~E≠

ºUÍ°≠x„kÁ£AéöV≠ZQ¯≠ºB∫j¿≠ AEÍ‡Hz≠R~≠ñök©R≠ºUÍ°x„≠kÁ≠£A≠éöV≠

ZQ̄≠ºgÆEV~E≠WEÓzAÚ≠≠LgÚ≠Äöd≠g©R≠íökÚ≠dWkÚ≠dßA¬Hz≠R~¿≠ Wß≠ΩV“≠

ºW°≠ãöMRß≠ñök©R≠éöV≠º‰F°V≠ºZA≠V£E≠ºUÍ°≠x„dßA¬Hz≠R~≠b~V≠Ezc≠ºFJ≠

Y¡zV~E≠éöV≠≠kÁ≠£A≠º‰F°V ¿

N( H3 ) HNO3( )

ñök©RXöVZ°B„gÚ(N)

g‹Vz‹ºlºW˙¢ö

ñöb©JzAÚö NH3

nßAk°ßRAb‚

ñök°ßRV°‰T°F(HNO3)

n˙ßcºd
CO NH2( )2

ñöb©J™bk˙ßgYzR

NH4( )2SO4

ñöb©J™bV°‰äöR

NH4NO3

+ÄöW©VO°nßAk°ßR CO2( )

+ñök°ßRk˙ßgY´d~F H2SO4( )

d©WT°ö2 ÄödYg~RH°ñök©R

d©WT°ö3 ºL°b≠æk⁄ºB∫j

For
 

j≠Äöd≠ñök©RºL°j≠Äöd≠ñök©Rº

¿≠ ñök©©RH´¿≠ ñök©©RH´

ºB∫

M
PTC-E

bo
ok

s 
b´c≠›≠dWkÚb´c≠›≠dWkÚ

‰W≠ºaT≠ºL°b◊°≠‰‰W≠ºaT≠ºL°b◊°≠‰

PP  ~E≠ ~EVV K¿≠¿

ks
 

oog~RH°ñök©Rg~RH°ñök©R

OnlynlyOn

n˙ßcºdºd
OO 22( )( )NHNH22 22

ñöb©J™bñöb©J™

(N
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ãöRß≠Y©≠kÍd (P)

dßA¬Hz≠R~‰R™j≠Äöd≠Y©≠kÍd≠ºL°b◊°≠Äöd≠g©R≠íökÚ≠ek V~E≠d´≠b≠F‹ΩQA≠A÷®E≠

FgVÄödæV≠Äöd≠WV“≠Z©H¿≠ jz≠H´c≠x„‰ÅöWÚ≠éöV≠Äöd≠g©R≠íökÚ≠XöV≠gÓWºE¡°V≠

T~V≠÷≠Yg≠‰ÅöWÚ≠V~E≠ÖöWÚºFJ≠ΩYÁ≠Y¡z¿≠ bêöE≠ºT∫R≠ãöRß≠Y©≠kÍd≠H´c≠dßA¬Hz≠R~≠UVÚ 

V£E≠H‹≠E•≠ºT∫R≠YE¿

ãöRß≠W©≠äök„™b (K)

W©©≠äök„™béöV≠ìöd:k‹≠Bz≠VÚQz≠kÚ≠ Z°º‰K≠‡jz≠éöV≠R´≠Vz≠T°≠H´c≠‰k™W≠

T£AV~EºUÍ°x„dßA¬Hz≠R~≠g©R≠íökÚ¿≠ W©≠≠äök„™bAÛ≠H´c≠A÷®E≠g‹≠Vz‹≠ºUÍ°≠dk‚°≠    k‹≠

ºèöC≠V~E≠A‹Q≠CÁ®c≠kß°R≠W‰b®E≠TßA≠A÷®E≠dßA¬≠HzR~≠ (L‹≠m™E æG≠Sz≠j) V~E≠ºUÍ°≠

x„dßA¬Hz≠R~≠UVÚ≠V£E≠çöZk≈¨R¿

º‰Äö¤≠Z°≠ãöRß≠k‹≠Bz≠VÚ›≠BzE≠ºg°AÛ≠éöV≠ãöRß≠WV‘z≠WÚ≠WVÎ≠‹≠ºYÎE≠ºT∫R≠ΩLg≠

dßA¬Hz≠R~≠‰R™j≠Äöd≠YE≠ΩLd L©F≠Hz≠ì⁄öVÚ≠UıdA÷®E≠kQŒzV≠Hz≠nß°cßE 

H´c≠WºE¡°V≠Äödg©R≠íökÚ≠æV≠dßA¬Hz≠R~ ÄögÚ≠k„™b≠A÷®E≠kQŒzV≠Hz≠nß°≠cßE H́Mc≠b°≠‰A™≠ìöd≠K≠E√≠Äöc≠

x„≠éöV≠kAb‚≠çöZ Hz≠Z~ºkkH´c≠A÷®E≠g‹≠Vz‹≠‰k™W≠cA≠ñök©R éöºJ≠k„™bA÷®E≠kQŒzV≠Hz≠ 

H´cA÷®EÄöd≠WºE¡°R≠AÁd©≠a°g¿ éöV≠ãöRß≠BÁ‡≠ºT∫R≠AÛ≠dßA¬Hz≠R~≠XöV≠‰k™W≠cA≠YE≠ΩLd≠ A÷®E≠Wd~≠éöQ≠R~FR´FV~E≠

A÷®E≠kQŒzV≠Hz≠nß°≠cßE≠L©F≠≠Hz≠ :              ¿

3 .           CßQkb◊R“~V~E≠CßQ≠≠j~≠WR“~≠dWkÚ≠H°

dßA¬Hz≠R~≠b~V≠‰k™W≠cAH°≠ΩLg≠Ak~Ad≠º‰W°≠ºL°b◊°≠≠≠≠WºE¡°V≠T~V÷Yg≠L‹≠Qz≠‹≠XöV≠Tz‹E≠nkÚ≠ºT¿ H°≠b´c≠

F‹ΩQA≠≠≠XöVd≠íöc≠A÷®E≠T£A≠ºaÁªEºl°c≠l©d≠F©g≠ºTÕ≠A÷®E≠W£E k‘≠£E TºVÁ¿ g‹≠Vz‹≠ºV‡≠XöV≠W‹≠Zßg≠T£A≠V~E≠

WQ“z≠g≠x„‰R°Ez≠WÚ≠ΩS≠b≠ºT∫RYE¿ L©FºV‡ ºL°b◊°≠‰C≠WÚ≠‰C≠E≠Äöd≠W‹≠ZßgLgÚ≠Wd~≠ì”öVT£A TºVÁ k‘≠£E W£E≠

W´d ºc°E≠CW◊°≠º‰W°≠‰≠XökÚH°≠Aß‹x„ºg°k≠Z°≠Wd~≠éöQA‹≠QRÚ¿

3 . 1         CßQ≠kb◊R“~

‰W≠Hz≠HV≠ºVÕ≠ºg°≠Z~aZºíöA≠XöV≠ºA°Vºm°E≠èöE≠ÖöWÚ≠dlıkA÷®E≠n‹≠m®Eb´c≠kRjRÎFßE≠º‰Äöc≠

ºV‡¿ ºR°≠ºC≠Y√RÚ≠Y√EÚºk◊ªE≠LgÚ≠‰WHz≠HVTz‹E≠nkÚ≠ºVz‡èöEL©F≠ºb“F ? L°≠k‰éöWÚ≠Äöd≠Lz‹≠Lß‡≠Zß‹≠éöV≠Äöd≠

ÄöWÚ≠ëöV≠XöVº‰F°V≠ΩS≠b≠ºT∫R≠ºT L©FºV‡ºL°b◊°≠Y√RÚ≠Y√EÚºk◊ªEx„XöV≠‰C≠WÚ≠‰ÅöVÚ≠ºVz‡ Aä“ök‹≠Bz≠VÚ≠W‹≠YßR≠C•≠

‰R™j≠º‰W°≠‰XökÚ≠H°≠Hz≠Ñö‹≠XöFÚ¿

d©WT°ö4  ekdßA¬Hz≠R~

d©WT°ö5  ºb°bæGSz≠j
SO4

2 –( )

C( a2 + )

Mg2 +( )

Fe2 + Mn2 + Zn2 + Cu2 + …

For

c≠A÷®E®

‰R°Ez≠WÚ≠ΩS≠b≠z≠WÚ≠ΩS≠b≠º

E≠CW◊°≠º‰W°≠‰≠XöE≠CW◊°≠º‰W°≠‰≠X

Qkbk

M
PTC-E

bo
ok

s YÎE≠ºT∫R≠ΩLgÎE≠ºT∫R≠ΩL

Hz≠nß°cßE nß°cßE 

A÷®E≠kQŒzV≠HzA÷®E≠kQŒzV≠H

z‹≠‰k™W≠cA≠ñök‰k™W≠cA≠ñö

BÁ‡≠ºT∫R≠AÛ≠dßA¬HBÁ‡≠ºT∫R≠AÛ≠dßA¬H

   

E≠CßQ≠≠j~≠WE≠CßQ≠≠j~≠W

k™W≠cAH°≠ΩLg≠kW≠cAH°≠ΩLg≠

A÷®E≠T£A≠ºaÁªEA÷®E≠T£A≠ºaÁª

((SS

e2 ++ M

OnlºUÍ≠UÍ≠
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WFΔ®W◊V÷≠ºV‡≠Z~aZ≠ºíöAXöV≠Yg~R≠ºk◊ª≠Eºg°k≠Z°≠R‰b™j≠Äöd≠ W≠ß≠ΩV“ºVÕ≠ΩR≠éöV≠bVßkÎ≠Hz≠º‰F°V≠

ΩLg≠b~V≠Tz≠VÚéöVºk◊ªEñölz≠d≠‰C≠WÚ≠‰ÅöVÚ≠k‰éöWÚ≠TT´g≠Tz≠V≠ºVÕ≠ºm°c¿

‰W≠ºTk≠‰A°≠‰Ab´c≠F‹V´VYg~R≠ºk◊ªE≠b~V≠XöV≠‰C≠WÚ≠‰ÅöVÚºT≠ Z°º‰K≠‡≠Ak~Ad≠b~V≠ñöF≠T~J≠H°≠XöV≠f≠

b~V≠≠≠éöV≠‰ÅöWÚ≠Z©H≠gÓfÅ‚öV≠º‰CØE≠éökß°V≠k‰éöWÚ≠º‰W°≠‰XökÚºl°c≠ºaÁªE≠ãÁöAÚ≠AÛ≠b~V≠‰C≠WÚ≠‰ÅöVÚºT∫R¿  Wß≠ΩV“≠

éöV≠‰WºTk≠BÁ‡≠ºT∫≠R≠Yg~Rºk◊ªE≠ºg°k≠Z°R‰b™j≠Äöd¿ L©FºV‡Äöd≠Yg~R≠ºk◊ªEºVÕ≠ºg°≠Z~aZºíöA≠

éöV≠gA¬Q:≠b~V≠ºk‚°≠Å÷öºT¿

dl©R≠LgÚ≠Ö÷‹ö≠ö2025 bVßkÎºVÕ≠ºg°Z~≠aZºíöA‰W≠Ωlg≠HzºA°V≠ºm°ELgÚ 8,3 ZzVÚíöVVz≠AÚ

L©ºF÷‡≠‰Wk~VºW°≠ºc°E≠b~V≠º‰W°H°≠ºTºVz‡ Äöd≠Yg~R≠ºk◊ªEV£E≠b~V≠XöV≠‰C≠WÚ≠‰ÅöVÚäöb≠R‰b™j≠Äöd≠ºm°c¿

3 . 2         CßQ≠j~WR“~

ºVÕ≠ºZg≠ºC≠XöF≠H°≠ºTÕ≠A÷®E≠Ω‰k jz≠b~V≠‰R£b≠ΩR≠‰k™W≠cA≠ºLz≠c≠ekdßA¬Hz≠R~ΩR≠Wß≠ºQ—z‡≠ºT¿≠ F©d≠

Z~V~R„≠ºb°g≠d©W≠çöZ≠BzE≠º‰Äöb≠ºV‡ 

H°≠ñöFH´c≠x„dßA¬Hz≠R~g©R≠íökÚ≠XöV≠è≠öEgÓ¿ ìöëöc≠Hz≠dßA¬Hz≠R~R©F›ΩLg≠dkÚ≠ºVÕ≠ºg°≠T£A jz≠

nΩQ“RºVÕ≠ºg°æY‘T£A L©F≠Hz≠A‰éög≠‰Z‹ΩLg≠d‹≠Bz≠VLgÚ≠ÄödºUÍ°≠dk‚°≠k‹≠ºèöCdWkÚ≠dßA¬Hz≠R~≠ºVÕ≠º‰Äöb≠T£A

ºLzc≠≠≠≠≠ëöëö‹EZVÁ•≠‰Z‡≠ñöT~R„¿ ºVÕ≠ºZg≠dßA¬≠Hz≠R~ºVÕ≠A÷®E≠T£AEzWÚ jz≠V£E≠dg´c≠ºLz≠c≠ìöd≠Äöd≠W‹≠ΩWA≠dWkÚ≠

XöAÚ≠ºR≠d° ºl°c≠‰W≠R~≠Ab‚≠W‹≠ΩWA≠ºV‡≠‰k™WcA≠nßA≠kß°≠ΩkVΩLg≠d≠íöc≠A÷®E≠T£A¿ ÄögQz≠T£A≠BÎRÚnßA≠

kß°≠≠≠Ω≠kVZZ´A≠kRÍ≠A÷®E≠T£A (‰R° AΩE¡W . . .) AÛ≠‰R™jXöRÚ≠WEÚΩLd¿

d©WT°öö≠≠≠6  :  Äöd≠W‹≠Zßg≠Wd~≠ì”öVT£A

①‰Wk~V≠ºW°≠n‹≠W~g≠V°‰äöR≠díöcA÷®E≠T£AWd~≠ºçöCjz≠ñöF≠WQ“z≠g
x„ºA°RH‹≠E•Bz≠VÚ≠ºgÆEF‹ºK≠‡≠A©V≠ºA‚E¿

②H°b´c≠F‹V´V≠‰R™j≠l©d≠ºFJ≠Z°≠L°≠ºTÕ≠
A÷®Ek‘£E TºVÁäöb≠dc:T£A≠ºaÁªE¿

④Äöd≠Y√RÚY√EÚ≠T£A≠ìÓöR¿

③ºVÕ≠A÷®E≠TºVÁ n‹W~g≠V°‰äöR V~EY©≠ìÍöR
WE¡x„≠BÍ‡nßA≠kß°ΩkVA÷®ET£A¿

⑦T£A≠º‰Äöb≠L°≠l©d≠F©g≠TºVÁ¿ ⑥T£A≠º‰Äöb≠L°≠ºVÕ≠FºVÁz‡≠S‚¿

⑤H°≠b´c≠F‹V´V‰R™j≠‰k™WF©g≠ºTÕ≠A÷®E≠L°
V~E≠díöcF©gA÷®E≠T£A≠º‰Äöb≠L°¿

FFFoF
rVÁ n‹W~g≠V°

x„≠BÍ‡nßA≠kßΩ

M
PTC-

MMM
PT

M
PTTTPTCTC
PTPTTTCTCTC
PTPTPTPTPTPT

M
P

M
PPP

M
P

M
P

oo
ks

c≠ekdßA¬Hz≠Rc≠ekdßA¬Hz
Ebo

ooo
d≠ºFJ≠Z°≠L°≠ºTÕ≠

VÁäöb≠dc:T£A≠ºaÁ

Only

,33 ZzVZzVíV

äöb≠R‰b™j≠Äöd≠ºm°äöb≠R‰b™j≠Äöd≠ºm

ΩRW
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A‹≠lz≠WÚ≠V°≠‰äöR≠B⁄≠kÚºVÕ≠A÷®E≠T£A≠k‰éöWÚ≠Ú≠Wd~≠ºçöC≠AÛ≠Tz≠AÚ≠TE≠≠V£E≠H‹≠E•b≠lz≠d°AΩLd Wß≠ΩV“≠T‹≠VzAÚT‹≠VE≠

ºV‡≠b~V≠Tz≠VÚ≠éöV≠n÷Aj~TêöìöÂk“QzñöFWEÏz≠J≠XöV≠ºVÕ≠ºm°c≠ºT¿

3 . 3         L‹≠ºQz‡≠‰ìöcWKÏz≠W‹≠Zßg≠Wd~ì”öV

ºL°b◊°≠ºLz‡≠‰ìöcWKÏz≠W‹ZßgWd~ì”öVö≠≠öAk~Ad≠‰R™j≠WV”cÄöd≠º‰W°≠‰XökÚ≠H°ºLz≠c≠º‰W°≠H°≠R~F≠R´F

ºl°c≠≠Aß‹≠º‰W°≠jz≠ºVÕ≠ºg°≠L°≠ºk°b fºVÕ≠A÷®E≠ñöÄök≠ãöRß≠ºk°b¿ F‹ºK≠‡≠T£A≠Wd~ºçöC ºc°E≠ñöF≠W‹≠XöRÚ≠nß°≠cßE≠

V°≠‰äöR≠≠ºVÕ≠AΩVÁE≠Yg~≠RT£A¿ ΩR≠éöV≠dßA¬Hz≠R~b´cF‹V´VXöV≠º‰W°≠‰XökÚXöAÚ≠ºR≠d°≠ ºL°b◊°≠‰k™W≠cA≠nß°≠cßE≠

V°≠‰äöR≠≠≠≠≠≠≠≠≠≠ºFJ≠Z°≠T£A≠ΩLd¿

bVßkÎ≠b´c≠F‹V´VºHÆHz≠AÚ≠Sz≠ Äöd≠Lz‹≠Lß‡äöb≠ΩWWUb‚≠Hz≠R~ C•≠Hz≠j~U°≠b´c≠gÓ≠W‹≠YßR≠ΩLg≠A÷®E≠ºVz‡≠

Ak~Ad≠º‰W°≠ΩR≠H°≠Ub‚≠Hz≠R~V~E≠ºUÍ°≠Äöd≠YÁzkÚ≠W“™d≠‰W≠ºa≠T≠L‹≠Qz‹ΩLg≠ÅöRÚ≠Lz‹Lß‡fTßA≠L°x„ºVÕ≠T‹≠ºVd ºL°b◊°≠x„L°≠

éöV≠H°≠Hz≠R~ºLz≠c≠Ub‚≠Hz≠R~≠ºm°E≠j~J¿

• ‰W≠aZæV≠H°≠kd°≠ëöE√≠éöV ÄöAk‹≠QgÚkRÍ dßA¬Hz≠R~ íöbA≠kRÍ n‹≠ZßAYßc≠kd°ëöE√≠ºYÎE≠›¿

• ãöRß≠k‹≠Bz≠VÚ≠ºVÕ≠A÷®E≠H°≠C°b°C• ñök©R  Y©kÍd V~E≠W©≠äök„™b¿

• H°≠ºTz≠gC•≠Hz≠H°ΩLg≠éöV≠ãöRß≠WE¡H°≠ΩR≠b´c‰W≠ºaT :≠ N  P  f K¿

• H°k≠éökñöFY“gÚ≠V©j≠ãöRßWE¡ß≠H° èöE≠ºlz≠FQz≠kÚZ°d≠èöE≠æV N  P  f K¿

• dßA¬Hz≠R~≠‰R™j≠Äöd≠ñök©Rk‰éöWÚYg~R≠‰W™≠ºRnß°VºL°b◊°≠g©R≠íökÚ≠ºL°≠b≠ V~EkÁ£A Y©≠kÍdºL°b◊°≠Äöd≠

g©R≠íökÚ≠ek Äöd≠WV“≠Z©HΩYÁ≠Y¡z V~EH´c≠UVÚ≠V£E≠H‹≠E• W©äök„™bk‰éöWÚg‹≠Vz‹≠dk‚≠°≠k‹≠ºèöC≠≠ 

‰k™WT£A V~E≠≠A‹Q≠≠CÁ®c≠kß°R≠¿

• Äöd≠º‰W°≠‰XökÚ≠H°≠H´cWºE¡°VT~V÷≠YgL‹Qz‹ Wß≠ΩV“≠Äöd≠º‰W°≠‰XökÚ≠ºLz≠c≠b~V≠XöV≠‰R¨RZ~V~R„‰R£b≠‰R™j≠

Vz‹x„≠éöV≠Äöd≠W‹≠ZßgLgÚ≠Wd~≠ì”öV Hz≠Z~ºkkT£A≠TºVÁ k‘£E W£E≠W´ V~E≠º‰Åö‡S÷z≠AÚ≠LgÚ≠kßB≠çöZ≠

bVßkÎ≠ kRÍ¿

• H°≠n≠k≠d°≠ëöE√ k‹≠ºLÕ≠ºTÕ≠ºg°H°≠C°b°ΩLg≠éöV≠ãöRß≠YÎ‹ N  P V~E K¿ H°≠nkd°≠ëöE√éöV≠Z°d≠‰Wºa≠T    

C•≠H°≠ºTz≠g V~E≠H°≠k≠éök¿

emeronseg≈b

For

VE≠≠A

d≠º‰W°≠‰XökÚ≠H°≠H´

z‹x„≠éöV≠

bo
ok

M
PTC-E

b~~RÍ dßA¬Hz≠R~ 

R  Y©kÍd V~E≠W

WE¡H°≠ΩR≠b´c

RßWE¡ß≠H° èö

k©Rk‰éöWÚ

k Äöd≠WV“≠Z©H

Cc

ok
s 

ok
Only

º

•≠Hz≠j~U°≠b´c≠gÓ≠W‹≠Y•≠Hz≠j~U°≠b´c≠gÓ≠

z‹Lß‡fTßA≠L°x„Lß‡fTßA≠
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1.  ºR°≠ìödãöRßQz≠b´c≠Hz≠H°≠ñök©R ?

   A. B. C. D. 

2.  ñöb©≠J™b≠V°≠‰äöR≠éöVd©WbV“≠b©≠ºgCßg ¿

A. F©d≠CQVz≠çöC≠dcñök©R≠ºVÕA÷®E≠ñöb©J™b≠V°≠‰äöR¿

   B. ñöb©J™b≠V°‰äöRHz≠n‹≠W~g¿ F©d≠‰XöWÚ≠ºÜ‚ö‡≠ñökß°RöV~E≠XökΩLgéöV≠‰WR~≠Ab‚≠WºE¡°R≠jz¿

3.  n˙ßc≠ºdéöVd©WbV“b©≠ºgCßg ¿ jz≠éöV‰WR~Ab‚≠c•R›Hz≠b´c≠T£A≠WºE¡°R≠Hz≠ ñöb©≠JzAÚ 

V~E≠ÄöW©V≠O°≠nßA≠kßß°R¿ F©d≠kdºkd≠kb°≠Äöd≠äöE‰WR~Ab‚≠ºV‡¿

4.  ºl≠Rß≠nÍ°≠XöV≠Hz≠Ak~Ad≠b~V≠WKΔ™g≠nß°≠‰L™≠ΩkV≠ V~E≠nßAkß°≠ΩkVºTÕ≠A÷®E≠H°≠C°b° ?

5.  ºR°≠djz≠EH°≠kd°≠ëöE√ V~E≠H°≠nkd°≠ëöE√ (H°≠ºTz≠g - H°≠k≠éök) b´c≠Qz≠ΩLg≠dßA¬Hz≠R~Ezc≠‰k™W≠cA≠  

Hz≠E ? º‰K‡≠nÍ° ?

6.  T£AºVÕA÷®E≠≠≠≠≠≠k‘£Eb´c‰R™j≠XöV≠ºC≠dA≠ºD°J≠Sz≠éöVWd~≠éöQ≠H°≠ñök©RLÛ≠º‰F°V≠ V~E≠ìöd≠ãöRß≠ΩLg≠ñöF≠    

W‹≠ΩWAºLz≠c≠XöAÚ≠ºR≠d°XöV≠¿ T£AºVÕ≠A÷®E≠k‘£EºK≠d≠ºZJ≠ºLz≠c≠dßA¬Hz≠R~T£A ºl°c≠ºC≠nºE¡R≠ºD°J≠   

Wd~≠éöQ≠nßA≠kß°ΩkVºVÕ≠A÷®E≠T£A≠XöV≠ScFß‡¿

A. ºR°≠n÷A≠C~R≠Sz≠ H°≠ñök©R≠ñöFF©g≠A÷®ET£A≠k‘≠£E≠≠XöV≠ºLz≠c≠j~≠U°≠Qz≠ ?

B. F©d≠‰XöWÚ≠ºÜ‚ö‡k≠éök≠ãöRß≠C°b°≠ΩLg≠ºC≠º‰W°≠Hz≠H°ñök©R¿

C. F©d≠ZV„≠gÚSz≠ ºl≠Rß≠nÍ°≠XöV≠Hz≠Wd~≠éöQnßAkß°≠ΩkVºVÕ≠A÷®E≠T£A≠k‘£E≠Sc≠Fß‡ ?

sMNYrniglMhat'

HNO3 N2 NO2 NH4NO3

NH4NO3

CO NH2( )2

For
 M

PTC-E
bo

ok
sc≠Qz≠ΩLg≠dßc≠Qz≠ΩLg≠

Q≠H°≠ñök©RLÛ≠ºQ≠H°≠ñök©RLÛ≠º

d≠ºZJ≠ºLz≠c≠dßd≠ºZJ≠ºLz≠c

ET£A≠k‘≠£E≠≠XöV≠ºET£A≠k‘≠£E≠≠Xö

ΩLg≠ºC≠º‰W°≠HΩLg≠ºC≠º‰W°≠

V≠Hz≠Wd~≠éöQnV≠Hz≠Wd~≠éöQn

Only

WºE¡R≠j

ºE¡°R≠Hz≠ ñöb©≠JE¡°R≠Hz≠ ñö

b° ??

HzR
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WTzVß‰Ab

 Aºb‘FA‹Q  d©W≠ãöRß≠d£E (Lß‹≠S‚ ‰A¨k BîöFÚ . . . ) ΩLg≠L£AHK»™V≠V~E≠ÑöAÚ≠WE¡ºLz≠c 

B„gÚ FdV“≠T£A fT£AºVÕ≠XöR≠k‘£E W£E≠TºVÁ kbß‰T  Hz≠ºL°b¿

 AéÁö‹E≠nV“db©≠ºgCßg  AéÁö‹E≠ºBîöc≠ΩLg≠ºA°R≠ºm°°E≠djz≠E≠b©≠ºgCßgTz‹E≠ïöc¿

 AéÁö‹Eºnm~F≠‰R™≠ì“öT~F  AéÁö‹E≠≠WE¡ºm°E≠ºLz≠c≠WV‘®A≠nC√~kV°≠ºVÕ≠V£E L©F≠HzWV‘®A≠nC√~≠kV°≠≠≠≠≠ºg°≠jR”®≠

b´c¿

 ÄöFßE  Hz≠nß°≠cß≠EΩLg≠éöV≠WV‘®A≠j~H»≠éöV¿

 Äöäög°≠Ad  ìöd≠ãöRßΩLg≠H´cWºE¡°V≠ºg◊ØVfZV„•R≠ºg◊ØV‰WR~≠Ab‚C°b°b´c ºl°c≠

º‰Äöc≠‰W≠R~Ab‚ Wd~≠éöQ V~E≠k≠éök≠çöZdWkÚ≠jz≠ºVÕÚ≠LΩ≠Lg¿

 ‰Äöa~F  T‰bEÚæVÄöW©VΩLg≠éöVÄöd≠º‰Rªb≠ñöR©bHz≠‰kTz≠WÚ≠›¿ jz≠Hz≠ ìöd≠ãöR≠ß≠

ZQ¯ºB‚ÕTVÚ ºCº‰W°≠Hz≠WQ“™dºB‚ÕæLV~E≠A÷®E≠qW≠Ad≠Qˆ≠nC√~kV°¿

 ‰A®b  H́d≠Id≠fWV‘z≠RÚIdA÷®E≠äöëöE≠B´W¿

 ‰A®b≠mEÚ≠äöV°R  ãöRß≠A‰bºg°≠ΩYV≠L°≠Z°ºgBg‹Lz≠WÚ 57-71 ΩLgéöV≠gA¬Q:≠C°b°‰W≠Ωlg 

Å÷öºTÕ≠V£E≠ãöRß≠≠mEÚ≠äöV¿

 ‰A®b≠ñöAÚ≠T°≠V°R  ãöRß≠j~T„®≠kAb‚ ÑöWÚ≠Z°ºgBg‹Lz≠WÚ≠ 89-103¿

 B´W  H́dºLA≠æV≠äöëöE≠B´W¿

 H°kd°ëöE√  H°ΩLgYÎ‹ºLz≠c≠nE√ãöRßkd°≠ëöE√éöV : H°≠nß˙cºd   H°≠Ub‚≠Hz≠R~ 

L©FHz T£A≠ºVzb  ñöFbˆkRÍ  GÓ£E  aAÚ  A‹Wß≠k H°≠‰kkÚ  ºL°b  kÁ£A  

dßA¬Hz≠R~  ‰kkÚ . . .)¿

 H°≠nkd°≠ëöE√fH°≠BV~H  H°≠ΩLg≠YÎ‹≠ºLz≠c≠nE√ãöRßBV~H¿ BV~Hk‹Bz≠VÚ≠›≠éöV kéök≠ãöRßñök©R 

  Y©kÍd≠  V~E≠W©≠äök„™b ¿
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 HıdU„™E≠≠S‚  W‹Q~R≠U„™E≠S‚≠x„ÄÁöc≠Hz≠U„™E≠A©A¿

 LEÚ≠kß°≠ºR  éökA÷®Eb´c≠B÷z≠RéöO≠ Hz≠T©ºTÕ≠C~R≠Hz≠‰Äöb≠A÷®E≠b´c≠kEÚT°≠ΩbRC©Wf‰Äöb≠ 

A÷®E≠b´c≠b°g°g°R¿

 T‰bEÚ≠b©≠ºgCßgU‹›  T‰bEÚ≠ΩLg≠A÷®E≠ºVz‡≠ ñöR©b≠Tz‹E≠nkÚFEç»öWÚÅ÷öºLzc≠kb⁄ıV’≠A©jzmEÚ   

ΩLg≠Y“gÚ≠çöZd£E≠V£EF‹QßFMdíöc≠B⁄kÚæV≠d©W≠ãöRß¿ qTzldQ̂ : ÄöW©V  

(ºZ‰H . . . )¿

 T‰bEÚ≠ºnm~F≠‰R™≠V~F  Hz≠Äöd≠Rº‰bªW≠ºnm~F≠‰R®E≠äöb≠‰kTz≠WÚºVÕ≠A÷®E≠ñöR©bb́c¿ qTzldQ̂ : 

ãöRß≠ì⁄öVÚ≠Uıd  éöV≠ºgBñöR©b  T‰bEÚ≠   ºn≠m~F≠‰R™≠V~FdWkÚ≠ì⁄öVÚ≠

UıdC•     ¿

 ãöRß≠n‹≠Y©≠ΩT  ãöRß≠ΩLg≠éöV≠gA¬Q:≠Hz≠ºíö≠l:YE V~E≠Hz≠n≠ºíöl:≠YE¿

 V°‰TAb‚  C°≠Hz≠Äöd≠WKΔ™g≠WQ“®‹≠  ºTÕ≠A÷®E≠k≠éök≠ãöRß≠kd°≠ëöE√b´c¿

 WQ“zJ‰Äöb  Äöd≠Rº‰bªW≠ºk‚°≠æV≠b©ºgCßg ñöR©b fnß°cßEºVÕ≠A÷®E≠‰Äöb≠nE√ãöRß≠d£E¿ 

WQ“z≠J≠‰Äöb≠éöVY‘®A≠ºLz≠c≠çöC≠gÓ~RLÛ≠º‰F°V≠ΩLg≠Rº‰bªW≠≠äöb≠dºW∫W≠   

ºLz≠c≠ΩmA›≠Å÷ö¿

 ‰WR~≠Ab‚Vßc≠ºAÁ≠Ωn˙  ‰WR~Ab‚≠Tz≠AÚ≠TE≠ºTÕ≠V£EWΩ‰bW‰b̈gA÷®E≠æQÍc©ñöR©b¿

 W‹≠Q~R≠‰W≠çöC  C•≠ΩJA≠ãöRß≠WE¡æV≠gåöc≠jR”®≠ëöj ΩLg≠díöc≠F©g≠Å÷ö¿ jR”®≠ëöj≠Tz‹E≠ºVz‡≠éöV≠

k°≠Rß≠QÏ≠çöZd‹≠Zß‡Bßk≠Å÷ö¿

 ‰W≠‰Z£R“Ab‚  g‹Vz‹≠A‹ΩQΩ‰W≠ìöd≠ãöRß≠b´c≠ºTÕ≠Hz≠ìöd≠ãöRß≠ºYÎE≠ºT∫R≠ΩLg≠Hz≠R‰b™jÄöd¿

 W©≠g°Ωb  ìöd≠ãöRß≠ΩLg≠WE¡≠ºm°E≠Z°b©≠ºgCßgU‹›≠ºA°R≠ºm°E≠Z°Äöd≠Y√®‹≠Å÷öæV≠b©≠ºgCßg≠R©F≠› 

(b©≠Q©≠Ωb)L©FÅ÷öº‰F°V¿
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 Y©≠k°g  Lz≠V≠æV≠kRÍ V~EdßA¬Hz≠R~ fk‹QgÚ≠æV≠ΩY÷A≠b´c≠æV≠kd°≠ëöE√ fçöj:≠dkÚ≠Tz‹E≠

b©g≠ ΩLg≠dAî≠öTßAºVÕ≠A÷®Ek~≠íö≠äö‹E≠Z°≠ëöWÚ≠íöV≠Ö÷ö‹≠bA≠ºl°c¿

 çöZd©W  d£E ëöj V~Eqk‚ıV¿ qTzldQ̂ :  d£E  ëöj  V~E qk‚ıV C•≠Hz≠çöZd©W≠ 

Tz‹E≠ö3æV≠d©W≠ãöRß≠¿

 éö‰A™≠b©≠ºgCßg  Hz≠b©≠ºgCßgU‹›¿ ºCº‰W°≠k‰éöWÚ≠ZQ¯Vz≠Z°b©≠ºgCßg¿

 b©g  Hz≠F‹V´VkV‚Rb´c ΩLg≠b´c≠b©gäöEF‹V´V  V~EéöV≠V~b~R“≠

kKÀ≠z ¿

 b©ºgCßg  ‰A®bñöR©b≠ΩLg≠FEkb⁄ıV’Hz≠b´c≠Å÷öA÷®E≠k≠éöéö‰RA‹QRÚ≠b´c ≠ºL°b◊°≠WE¡≠Hz≠

kéöãöRß¿ qTz≠ldQˆ : ñöR©b≠nß°≠‰L™≠ΩkV≠Z°d V~E≠ñöR©b≠nßA≠kß°≠ΩkVb́c≠

WºE¡°R≠XöV≠Hz≠b©ºgCßgT£A≠  . . .¿

 d©W≠ãöRß  çöj:≠ΩLg≠éöV≠éök≠V~E≠éöOA÷®E≠g‹≠l¿

 ºíöl:  Z´≠A≠nE√ãöRßºTz≠g≠ΩLg≠éöV≠ºYÁA≠ºíöl: FbÁE≠A‹ºLÕ≠ V~E≠nC√~kV≠°≠XöV≠gÓ 

V~E≠Hz≠T©ºTÕñöF≠ΩYfl©RHz≠g´≠k≠XöV¿

 ºíöl:GÁE  ãöRß≠ΩLg≠b~V≠Tz≠VÚ≠W‹ºZJ‰CWÚ≠‰kTz≠WÚ≠ ¿

 ºíöl:≠ñögÚ≠

Äög°Q©ΩTd•

 ãöRß≠A÷®E≠‰A®b≠T°ö  (      V~E≠ )¿

 ºíöl:≠ñögÚ≠Äöïö‹E  ãöRß≠A÷®E≠‰A®bT°  (      V~E≠ )¿

 g‹Vz‹ºl≠ºW˙¢  g‹Vz‹qkîölAb‚k‰éöWÚ≠Yg~Rñöb©≠JzAÚ ºLz≠c≠‰W≠R~A≠b‚nß°≠‰L™≠ΩkVHz≠  

b´c≠ñök©Rºg°kºLz≠c≠cA≠Äöäög°AdΩLAºVÕ≠  V~Eké⁄ö≠U 

¿≠qTz≠ldQˆ : ¿
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 jEÚ≠WEÚ≠ΩkVfæQÍc©≠

WEÚ≠ΩkV

 C°Hzkß~F (Cycle) æV≠ñöR©b C éöV≠ëöE≠Hz≠GºÄöQ≠V~cıR ΩLg≠ñöR©b C 

Tz‹E≠ 6 Hz≠A‹Z©gdWkÚ≠GºÄöQ≠V~E≠éöV≠kb⁄ıV’Z°d≠Hz≠VÚ≠ÖÁökÚ≠Hz≠b´c≠kb⁄ıV’≠ 

b´c≠Hz≠VÚ¿

 jR”®≠ãöRß≠ºL°b  ìöd≠ãöRß≠ΩLg≠º‰W°‰XökÚA÷®E≠Yg~R≠Ab‚≠C°b°f≠qkîö≠l≠Ab‚ñölz≠d¿ jR”®≠ãöRß≠

ºL°bΩLg≠º‰W°≠A÷®E≠qkîölAb‚≠C°b°≠éöV≠ : nß°≠‰L™ÄöW´  ≠B„gÚ  Ωd ºíöl: 

T£A¿

 j≠zmEÚ  F‹V´VWEÏz≠J≠Z°gT’≠çöZWVÎ‹≠æV≠ãöRß≠b´c≠F‹ºK≠‡≠ãöRß≠b´c≠ºYÎE≠ºT∫R≠¿

 j°kb≠d©W  gA¬Q:æV≠nE√ãöRßΩd≠ºTz≠gfk≠éökΩLg≠éöV≠T‰bEÚ V~E≠gA¬Q:≠d©W≠

ºYÎE›Å÷ö¿

 k~≠íöÇÁö‹E  k≠~íöºì⁄öRéöV≠kQŒz≠V L©F≠HzºnWßE¿

 kb⁄ıV’≠A©jzmEÚ  kb⁄ıV’≠ΩLg≠ºA°R≠ºm°E≠ºLz≠c≠ÄödLz≠AÚlß˙Vºn≠m~F≠‰R®E≠Hz≠ºTÍäö¿

 kb⁄ßıV’A©j≠zmEÚ≠W©Ωg  kb⁄ıV’ΩLg≠ºA°R≠ºm°E≠ºLz≠c≠Äöd≠Lz≠AÚ≠lß˙V  d´b≠æVñöR©b≠ΩLg≠

FEkb⁄ıV’¿ WßΩV“≠ºTÍ≠äö ºV‡≠B~R≠ºTÕ≠H~R≠ñöR©b≠ΩLg≠éöVA‰b~R≠    

ºnm~F≠‰R™≠nj~~H»≠éöVBÁz‹E≠Hz≠E¿qTzldQ̂ :  . . .¿

 kb⁄ßıV’A©j≠zmEÚ≠b~V≠W©Ωg  kb⁄ıV’ΩLg≠ºA°R≠ºm°EºLz≠c≠ÄödLz≠AÚ≠lß˙V  d´bæV≠ñöR©b≠FEkb⁄ıV’ 

ΩRºTÍ≠äö  d´b≠ºV‡b~V≠B~R≠ºTÕ≠H~≠R≠ñöR©bQz≠b´cºm°E¿qTzldQ̂ : 

≠  ,     . . . ¿

 kbı⁄V’≠C°b°  AéÁö‹E≠T‹Vz≠Jdjz≠EñöR©bΩLg≠WE¡ºm°EºLz≠cÄöd≠ΩWE≠ΩFAfÄöd≠WK»™V≠

ºnm~F≠‰R®E¿

 kb‚≠R~≠Ab‚  ‰T£k“°fFåöWÚΩLg≠b~V≠ñöF≠Z~RHz≠kAg¿

 kéökãöRß  nE√ãöRßΩLg≠ºA°R≠ºm°E≠ºLz≠c≠WVÎ‹djz≠E≠ãöRßZ°dfº‰F°V¿
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 kb⁄ıV’ºíöl:  ‰W≠ºaT≠kb⁄ıV’≠C°b°≠ΩLg≠ñöR©bHz≠º‰F°VLzAÚ≠d´bºnm~F≠‰R®EºLzc≠Y“gÚ≠  

ºnm~F≠‰R®E≠V°b´c≠›≠Hz≠b´c‰A®b ºnm~F≠≠‰R®E≠ΩLg≠FgıRHß‹≠j~J≠ñöR©b¿

 kb⁄ıV’≠nß°≠cßE  kb⁄ıV’’ΩLg≠ºA°R≠Z°AéÁö‹ET‹Vz≠J≠djz≠Enß°cßEZ°dΩLg≠éöV≠WV‘®A≠Y‘®c≠Å÷ö¿

 kb⁄ıV’nß°≠‰L™ΩkV  AéÁö‹E≠nV“db©≠ºgCßgºBîöc≠ΩLg≠A÷®E≠ºVz‡≠ñöR©b≠nß°‰L™ΩkV≠FE≠kb⁄ıV’≠A©j≠z≠

mEÚºTÕ≠V£E≠ñöR©bΩLg≠éöVA‰b~R≠ºnm~F≠‰R™≠nj~H»≠éöV≠BÁz‹E( F  ,  N  ,  O ) 

ºl°c≠FEkb⁄ıV’ºBîöc≠YE≠ΩLd≠ºTÕ≠V£E≠ºTÍäö≠ºnm~F≠‰R®E≠b~V≠Lz≠AÚ≠d´bæV≠ 

ñöR©b≠ΩLg≠éöV≠A‰b~R≠ºnm~F≠‰R™nj~H»≠éöV≠≠ñöR©b≠ºVÕ≠ΩA◊dºVz‡¿

 k≠éök≠ãöRß‰W≠ºl°d  Hz≠kéök≠ãöRßkd°≠ëöE√ΩLg≠éöV≠jEÚ≠WEÚ≠ΩkVA÷®E≠b©ºgCßg¿

 ìöd≠ãöRß  ‰W≠ºaT≠æV≠d©W≠ãöRß≠ΩLg≠éöVk≠éök≠çöZC°b°A‹QRÚ≠b´c¿

 nE√ãöRß≠FEÓ®gZQ¯  Hz≠ìöd≠ãöRß≠ΩLg≠ñöF≠éöV≠ZQ¯Bßk›≠Å÷öA÷®E≠≠bH…LŒz≠V≠ñökß°R≠V~EXök¿

 n≠ºíöl:  ãöRß≠≠ΩLg≠b~V≠ΩbVHz≠ºíöl: b~V≠FbÁE≠Aºé“ö¤f≠FdV“≠nC√~kV°¿≠ jz≠éöV≠

ºnm~F≠≠‰R™nj~H»≠éöV V~E≠WºE¡°R≠Hz≠nß°cß≠Enj~H»≠éöV fkb⁄ıV’≠  A©j≠mEÚ≠A÷®E≠  

k≠éök≠ãöRßV~E≠WºE¡°RnßA≠kß°R≠Q•RfnßA≠kß°Rñökß°R≠¿

 ñöJ®E  Hz≠nß°≠cßEΩLg≠éöV≠WV‘®A≠nj~H»≠éöV¿

 ñöm™≠ΩkV  ãöRß≠ΩLg≠N~R≠ºVÕ≠A÷®E≠‰A®bT°ö  f‰A®bT°≠≠ö17æVäöëöE≠B´W(    

 V~E≠ )¿≠

 nß°≠‰L™≠ÄöW´  k≠éök≠ãöRßYÎ‹≠ºLz≠c≠ÄöW©VV~E≠nß°≠‰L™≠ΩkV¿

 nß°≠cß≠EAß‹≠YÁ~F  ‰A®bñöR©b≠f≠ëöO°≠ÄögÚ≠éöV≠WV‘®A≠nC√~kV°≠ìö‹≠J®z‹¿

 nßA≠kß°R  Yg~R≠YgæV≠‰W≠R~Ab‚djz≠E≠nßA≠kß°ΩkVHz≠b´c≠ãöRß≠b´c≠ºT∫R¿
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 nßA≠kß°R≠Ab‚  g‹≠Vz≠‹≠XöRÚ≠WEÚ≠ºnm~F≠‰R®E≠ºLz≠c≠ΩY÷≠A≠fTz‹E‰k®E≠fAÛ≠≠Äöd≠F‹ºQJnßA≠kß°≠

ΩkV¿ jz≠AÛ≠Hz≠gT’≠Yg≠æV≠ÄödºA°V≠ºm°E≠V©j≠F‹V´VnßA≠kß°R≠Ab‚æV≠ñöR©b¿ 

qTzldQˆ : ºZg≠ΩLAºm°E≠Ω‰F‡jz≠W“™dF‹V´V≠nßAkß°R≠Ab‚≠dWkÚ≠jz≠ 0 ºTÕ 
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