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(Carbohydrates)
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£œ 1.1

)®)È~ 1.2

fZBÅ¯Y6,)®)È~ 1.2.1

ñâóZà 1.2.2

Zz’óZà 1.2.3
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A~Zzg)A~] 1.3

‰ÃiZzg�ÛÍiÅ»g~z¬xS:] 1.4

‰ÃiZzg 1.4.1

‰ÃiÅ»g~ 1.4.2

hzi)uÅ](Ð 1.4.2.1

Z6gaÐ 1.4.2.2

8S:] 1.4.3

‰ÃiÅ6ðS:] 1.4.4

ZÅ¹Ðö»¿ 1.4.5

!Z[Æ‚B¿ 1.4.6

‰~¬ï»¿ 1.4.7

;àgzË%·]Æ‚B¬ï 1.4.8

�ÛÍi 1.4.9

»g~ 1.4.10
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6ðS:] 1.4.12

11



¢545ÿ
E
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;[+gzË%·]Æ‚B¿ 1.4.15

�Û$454jè
EHGIE 1.4.16

‰ÃiÅ
²£Ðö Niî~‚|# 1.5

Zg-d~ 1.5.1

Z#-,ç GF 1.5.2

‰ÃiÅÈiî~‚|# 1.5.3

ñN*gzŸ 1.5.4

Èiî~‚|# 1.5.5

Ze%k 1.5.6

�ÛÍiÅ
²£Ðö Niî~‚|# 1.5.7

eZðóZà 1.6

hzi 1.6.1

âwi 1.6.2

Å5½3ð GHi 1.6.3

0*àóZà 1.5

Z6ga 1.5.1

_5Ò3ð GGßi 1.5.2

†VX 1.5.3

Zõ!}ò 1.7

ã~ZÖp 1.8

%:ZJãÎZÑ] 1.9

czè�Z!*]ÆqïÎZÑ] (A)

¿�Z!*]ÆqïÎZÑ] (B)
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'×h+_¬Æa?m,™Š{ÂÁ 1.10
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(Preface) ā 1.0

Ribose and deoxyribose k »Zq-ZëbìXgZÆkZzge~WËgZÆ Sheltero »g1;àg�½ZÔÀzVZzg�Û

~Ìñ�Šƒ@*ìXgzi%{Åi0+Ï~ZEwƒäzZàZâY}»½Ô̄I¤/Z’™Ôö8 RNA Zzg  DNA ñgzOâŠ{
z){~Ì»g1;àgf$0*c*Y@*ìX

ÆÚƒ~ƒD 1:2 »g1;àg�»g0Ô;àgzXZzgWxÐp‘W÷XX~;àgzXZzgWx

ƒ@*Cn(H2O)m(Emperical Formula %·]Ì¹Y@*ìXZy»:Ÿ‚) H2O ÷XZ¹»g0Æ;àg�ª
ìXZy~Šzdà¤/z\»g19Zzg;àgzËc*;àgz¢ñ�ŠƒD÷X

(Aims) £œ 1.1

)®)È~Å¥â]�ÛZë™**XA~Zzg)A~]Ô‰ÃiZzg�ÛÍiÅ¬x CYÃ»g1;àg�Å°pÔ

S:]6,gzÝeZÜX‰ÃiÅ
²£Ðö Niî~‚|#ÃzZã™**X�ÛÍiÅ

²£Ðö Niî~‚|#ÃŒ**XeZðóZàZzg0*à
óZàÐ0¥â]�ÛZë™**X

asymmetric carbon »g1;àg�M;àgzËZ®Œàc*™yƒD÷XX~ÁZiÁZq-$i¹Ðö
GI»g0

ñ�Šƒ@*ìXc*XÅW[0*æÏ™äÐM;àgzËZ®Œàc*™yqÝƒD÷X

  (Classification) )®)È~ 1.2

»g1;àg�Å)®)È~ZyÆfZBâA~âÎ{¤c*WBæÏÅ¯6,ÅYCìX
fZBÅ¯6,)®)È~: 1.2.1

(�fZB~{ƒD÷X}‰ÃiÔ�ÛÍiÔ Sugars »g1;àg�ÃŠz)oV~„HY@*ìX]c*])

X»fZBÛ7ƒ@*ìX)]c*]0*ã~)i5+k,ƒD  (Non Sugar hziz){X²Šzu~)®))]c*])

÷²]c*]0*ã~iƒYD÷X

Reducing Sugars As{¤Å¯6,»g1;àg�A~] 1.2.2

Æ²wÅAs™D÷XZkÆ',Üs Tollen's Zzg Fehling tŠz§bÆƒD÷XtZ,]ƒD÷�
13



Æ²wÅAs7™DX Tollens Zzg Fehling )A~»g1;àg�

fZBÅ¯Y6,)®)È~ 1.2.1

W[0*æÏÅ¯Y6,»g1;àg�Ã&Zë)oV~!*†Y@*ìX

W[0*æÏ: 1.2.2

Zy»g1;àg�ÅWBæÏ7ƒCXZ¹‚Š{]c*]c*ZŠã]c*]Ì¹Y@*ìXZyÅ'×h+:)®)È~
Zy~ñ�Š»g0Å®ZŠZzgZ®Œàc*™yÅ¯6,ÅYCìXX»g1;àg�~Z®Œà¤/z\ñ�Šƒ@*ìZ¹

ÔTriose ¹Y@*ìXX~»g0Å®ZŠ&ƒZ7 (Ketose) Z®ziZzgX~™y¤/z\ñ�ŠƒZ¹™i (Aldose)

BD÷X hexose Zzgb»gµ»g1;àg�  Pentose Ô0*õ»gµ Tetrose eg»µÃ

Oligosaccharide Zz’óZà 1.2.3

XÐŠz‚Š{]~‚@Ÿ‚ Disaccharide Zy»g1;à�ÅW[0*æÏ™äÐ'×h+:)oV

}hziÔâwiÔÅ5½3ð GHiz){X» Disaccharide Ðeg‚Š{ Tetrasaccharic &‚Š{]~‚? Trisaccharide 

ìÔqÝƒD÷X C12H22O11 ‚@Ÿ‚

ìX C18H32O16 Ð&ñâóZà‚?qÝƒD÷X‚@Ÿ‚ Raffinose }  Trisaccharides 

(Polysaccharide) 7àóZà 1.2.4

Z,»g1;àg�XÅW[0*æÏÐM®ZŠªôzVÉDÙZgzVñâóZàÆ‚?»gƒD÷XZy»fZB
Û7ƒ@*ìX}Z6gaZzg_5Ò3ð GGßiX

XHeterosaccharide Zzg Homosaccharide Z¹Šz)oV~„HY@*ì
ƒñóZàÅW[0*æÏÐZq-§bÆñâóZàk‚?qÝƒD÷}Z6gaÅW[0*æÏÐ‰ÃiÆ

‚?qÝƒD÷X
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Inulin ÅW[0*æÏ™ä6,Šzc*iZZ+§bÆñâóZà‚?qÝƒD÷X†ê (Heterosaccharide) ÔzóZà

(Reducing & Non-Reducing Sugars) A~Zzg)A~] 1.3

”ïÃAs™} Tollen's c*Fehling A~Zzg)A~»g1;àg�B]Æîg6,ÅYCìXZ+]�ā
Non (ë÷²Šv]c*]�Zy”ïÃAs7™'Z¹)A~]) Reducing sugar ZÐA~])

X ÷XÓxñâóZàkZzgeZðóZàk)Shzi(A~]c*]÷²hzi)As]ì (ë reducing sugar 

‰ÃiZzg�ÛÍiÅ»g~z¬xS:] 1.4

‰Ãi 1.4.1

‰ÃiÔƒÐZëZzgƒÐic*Š{0*c*YäzZÑñâóZàì�āß~Ô6ƒñZùg~Ô{]V~Zzg

YâgzVÆpyZzg%O[~0*c*Y@*ìXt%“Å̂~¹‚g}†r‚àkÔeZðóZàkZzg0*àóZàk~

ñ�Šƒ@*ìX

‰ÃiÅ»g~ 1.4.2

hzi)uÅ](Ð 1.4.2.1

Æ‚B�lŠ¶6,‰ÃiZzg�ÛÍi)z~lZg~qÝƒD H2SO4 c*HCl ZÔ²w~hziÃ−ñƒñ
÷XT»¬ïfs~Š3c*ŠHìX

Z6gaÐ 1.4.2.2

Æ‚BZ!*w™ZkÅW[0*æÏÅYCìXZk§jÐ̂gC H2SO4 6,−c* 393K Z6gaÃÁŠ!*î6,Zzg
eä6,‰Ãi»gHY@*ìX

¬ïðh~ë{ì�Z%ZiÐƒ™*gCìXZ6ga¬xîg6,k–ÆŠZâVÔezwZzgWß~0*c*Y@*ìX
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8S:] 1.4.3

ìXtñâ;àgf$Åîg6,Ì0*c*Y@*ìT»$©�î EG0»î ‰Ãi"g8-N%“ìXT»$©�î EG0»î
ìXt0*ã~ic*Š{lZg~i5+k,ì²ZÈi~oiƒ@*ìXZpZzgŠv**xC…~)i5+k,ìXt

Ì¹Y@*ìX dextrose ìZÏnZÐeÀzi dextro rotatory (ìZzgZk»²w optically active oø~¬ï)
tuÅ])hzi(Æ£«&aåðÛƒ@*ìX

‰ÃiÅ6ðS:] 1.4.4

»g™@*ìXT»¬ïfs~Š¬ Phenyl hydrazone ÅözŠlZgÆ‚B‰Ãi Phenyl hydrazine

YYìX

Æ& Phenyl hydrazine ÅlZgic*Š{ƒYä6,¬ï¼iJ-ë{ƒYCìX Phenyl hydrazine

�ā)g8-»Nk̂¯D÷X} Glucosazone ñwÔ‰ÃiÆZq-ñwÆ‚B¿™Æ

ZÅ¹Ðö»¿ 1.4.5

decomposition Zzg isomerisation )Z®Œàk(~ps™CìX²−ðZÅ¹Ðö Resin %6ZÅ¹ÐöÔ‰ÃiÃ
^Z(g™@*ìX  syndiol ™Cì�āñâóZàÐƒDƒñ
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!Z[Æ‚B¿ 1.4.6

Dehydro −ñƒñ!Z[Š!*Cîg6,ÃðZW,7™Dp¤/x¸~!Z[ë{¬ï™@*ì�ā
Levulinic �¬áCìˆ~¤/x!Z[ÅæŠÐ 5-Hydroxymethyl furfuryl Æfg=ƒ@*ìX cyclisation

ëìÔ~psƒ@*ìX Hyhmins Zzg(,~lZg÷ZÔ)i5+k,ÇhJõÝ& acid

‰~¬ï»¿ 1.4.7

‰~¬ïÅ¡]ZzgŠ!*CqÑ]Å¯Y6,Z‰~q&]Šø7[ƒD÷X}

Tollens Zzg Cuperous oxide ²wÔÑw Fehling ¬ïAsƒD÷)8 Tollens ²wZzg Fehling ●

~ƒCìZzg³~� -COOH ¤/z\Å‰ Aldehyde ¬ïŠJCe0+~ú%“~psƒ@*ì(Zzg‰ÃiÆ
!Z[»gƒ@*ìZÐ‰Ã7-!Z[ë÷X

',z}0*ãÌ‰ÃiÅ‰™Æ‰Ã7-!Z[»g™@*ì�āfs~Š3c*ŠHìX ●

»g™@* -COOH ŠzâV¤/z7VÅ‰™Æ -OH Zzg -CHO **>u!Z[�ā(¡ç FNº‰~¬ïìt‰ÃiÆ ●

!Z[ë÷X Saccharic c*Glucaric ìXŠzCÙZ»g1±k5ÓëG!Z[�MìZÐ

;àgzË%·]Æ‚B¬ï 1.4.8

¤/z\ƒäÆ:L‰~„ƒC vicinal hydroxy ‰ÃiZq-ZÖ;àgzË»g19áî&+ìT~¼Š ●

Æ‚BƒCìX} lead tetra acetate ¬ïZzg MalapradeÔperiodioic acid ì�āºm‰~úZï‰

ÅïZzg‚|#T+Æn¹ Carbohydrate Å‚|#T+Æn¹ÆìZzg Glycols t¿

¤/z\ñ�ŠƒDìX Vic-OH ic*Š{ZEwÅYCìaèZy~
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;àgzË%·]Æ‚B¬ï:
ZÖ  ¯@*ì�Šz Methyl Glucoside Æ‚B¬ï™Æ Methyl Alcohol Åñ�ŠÏ~ HCl ‰ÃiÈ

ªV~0*c*Y@*ìX Stereoisomeric Zzg&45é E>H

^~p~Æîg6,ÌYãYCìX Acetal ^Ð Hemiacetal t¿‰ÃiÅ
tZq-¹¬x¿ìT~

$4-£ÿ GGZÈiÔ0*à;àgzË%·]ÆZÈi¤/z\Æ‚Bpsƒ@*ìZzg‰ÃiŠv
ñâóZàÆ‚Bpsƒ@*ìX

)}P(Åñ�ŠÏ~�Û$454jè
EHGIEÆfg)Z

#-£ÿ
GG

Enzyme Zymase Ô‰ÃiÔ (Fermentation) ){(�Û$454jè
EHGIE

»ZyZ`ƒ@*ìX CO2 ZÈi¯@*ìZzg

(ÐZ
#-£ÿ
GGZÈiÅ»g~ÅãCŠgBbìX Molasses t¿ñÑ‹)

�ÛÍi 1.4.9

�ÛÍiÔ™kÄ»ZëgÁì�]V~Ôß~)‰ÃiÆ‚B(0*c*Y@*ìXt%“Æîg6,eZðóZàk)}

Ô]¾æ NzkÆ‚B(0*àóZàk)}SâA(z){~0*c*Y@*ìX

»g~ 1.4.10

(�e´7Š}Zzgk,zÅWgsB7Š}~0*c*Y@*ìā Polysaccharide Ô�āZq-0*àóZà) Inulint

Åñ�ŠÏ~»gƒ@*ìX H2SO4 (Ð−c* Hydrolysis ;àgzÉ4mø G)

8S:] 1.4.11

ìX k̂ìT»iZBÛƒ@*ìZzg$©�î EG0»î (Crystalline) tZq-"g8-ÔN
ìXt‰Ãi levorotatory ƒ@*ìÔs7~ÂtzZuŠgCîg6,0*ñYäzZÑñâóZàkì�ā Levo rotatoryt

Æ£«~0*ãZzgZÈi~ic*Š{i5+k,ìX
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6ðS:] 1.4.12

Æ‚Bg›¿ Phenyl Hydrazine 1.4.13

»g™@*ì6 Glucazone ZÏ§b» Fructose ic*Š{lZg~¬ïƒYñÂ Phenyl Hydrazine �ÛÍiZzg

»g™@*ìX Glucoseā

ÅVwìX Amadori rearrangement qgz!*Ñ¿

ZÅ¹Ðö»¿ 1.4.14

−ðZÅ¹ÐöÆ‚B¤/x™ä6,�ÛÍiÔ‰ÃiÅ§b)z~lZg~‰ÃiÔ�ÛÍiZzg�i»g™@*ìXt¿‰ÃiÆ¿Å
§b„ìX

;[+gzË%·]Æ‚B¿ 1.4.15

¯@*ì�ŠzZÖZzg Methyl Fructoside Åñ�ŠÏ~¬ï™Æ HCl(dry) �ÛÍiÔ
$4-£ÿ GGZÈiÆ‚BÈ

ë÷X Anomers ^~0*c*Y@*ìÔÎ stereoisomeric &45é E>H
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�Û$454jè
EHGIE 1.4.16

Åñ�ŠÏ~�Û$454jè
EHGIEÆfg)Z

#-£ÿ
GGZÈiZzg»g0eZðW‚à¯@*ìX Zymase ‰ÃiÅ§b�ÛÍiÔZ4,Zì

‰ÃiÅ
²£Ðö Niî~‚|# 1.5

ì��CÙ~‹tZzg‚@ziyÅæŠÐU*"$ƒ@*ìX‰ÃiÃZ
!3™)ÿ
G

Æ‚B C6H12O6 ‰Ãi»‚@Ÿ‚
ì‰Ô open chain F,IŠ¶ÐZµZµ%·]qÝƒD÷�tU*"$™D÷ā‰ÃiÅ‚|#

²£Ðö Niî~ª
qÝƒ@*ìX�ªCÙ™@* oxime Æ‚BF,IŠ¶ÐŠzâVÆŠgxy¿ƒ™ Hydroxyl Amine ‰ÃiÃ ●

¤/z\ñ�ŠìX Aldehyde ìā‰Ãi~

**ò%“»g™@*ìX cyanohydrin (Æ‚B¿™Æ HCN) hydrogen cyanide ZÏ§b‰Ãi ●

Æ‚B‰ƒCìTÐ‰Ã7-ZŒ»gƒ@*ìX Bromine ‰ÃiÅ ●

Å̂~ñ�ŠìX Aldehyde tÓx¬5]tªCÙ™D÷ā‰Ãi~ñ�Š»g19¤/z\

»gƒ@*ìXZÏ glucose penta acetate  ™ä6, acetylation Æ‚B acetic anhydride ‰ÃiÃ ●

»gƒ@*ìXTÐªCÙƒ@*ìā‰Ãi~0*õ;àgz¢ Sorbitol §b‰ÃiÅAsÓÏ¬ïÅñ�ŠÏ~™äÐ

¤/z\ñ�ŠƒD÷X
**ò%“»gƒ@*ì�tC@*ìā n-haxane ‰ÃiÅAsÃ`gkZzg;àgzWÇeuZŒÆ‚BÅYñÂ ●

‰Ãi~b»g0Æ�CÙñ�Š÷�Zq-?iîÅ̂~ìX
MìX~ Saccharic acid c*Glucaric acid ‰ÃiÅ‰Ð‰Ã7-ZŒMì&'×h+‰™äÐ ●

ZzgZq-Z’ZðZÈi¤/z\ñ�Š aldehyde »g0Å®ZŠbì�āZ’Zð%“‰ÃiÆ',Z',ìXZk¯Y6,‰Ãi~Zq-

ìX®Z†eg;àgz¢¤/z\U*â~B²g~âÎÆ÷X
¤/z\Zq-„»g06,ñ�ŠƒD÷z{)ªx5+k,ƒD÷ZzgøgZ%“ª‰Ãi -OH aè%·]X~Šz ●

W‚ãÐ7ƒ@* Dehydration ªx5+k,ì®Z0*vZV;àgz¢¤/z\ZµZµ»g06,ñ�ŠìZzgTÅzzÐZk»
ìX
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ä‰ÃiÅ‚@‚|#?iî~ƒäÅ!*]½X Baeyer Zz6,Š~ˆÓx›ëÅ¯6,

Stereochemistry 1.5.1

ª24 ñ�ŠƒD÷XTÅ¯Y6,‰ÃiÆ (Asymmetric carbon atom) ‰Ãi~eg)»»g0�CÙ

�h~Å̂~ƒD÷X enantiomer Ô8 %“ 16 ñ�ŠƒD÷Xt stereoisomer16

ÆŸ‚~Šg`fs§iÐ Fischer ‰ÃiZq-Ò$©‹3ï
GG

GE”{ÃúVÃŠZNY+$ñh@*ìX‰ÃiÆ‚ãÃ
ªCÙHY@*ìX

ó,»ªCÙ D²L  âÎÃªCÙ™@*ìX Dextrorotatory (t́#Ö‰ÃiÅy~u¤/òC@*ìZzg‚?Å +)

¤/z\ -OH Æ‚BñZi:HY@*ìXZ’ZðZÈiÆŒÛd$ñ�Š)»»g06,ñ�Š Glyceraldehyde ™@*ìXt
óÐªCÙHY@*ìX L ¤/z\!*NY+$ƒÂZÐL -OH óÐªCÙHY@*ìXZkÆ',Üs D ŠZNY+$ƒÂZÐL

Epimer 1.5.2

¤/z\Z,ë -OH »g06,ñ�Š C2 ZƒCìª Configuration »g0Å C2Æþ Carbohydrate
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Zƒ@* Configuration (7ƒD÷ZyÆZq-)$i¹Ðö
GI»g0 Mirror Image F,I�Zq-Šzu}ÆWñ�@)

¹Y@*ìX Epimer ìZzg†)$i¹Ðö
GI»g0Å‚|#7VƒCìXZ7

Epimerisation ¿T~ÜsZq-)$i¹Ðö
GI»g0Å‚~p~ÑðYCìX†‚|#Ã¯psG Z(6ð

~p~X MannoseÅ Glucose B@*ìX}

‰ÃiÅÈiî~‚|# 1.5.3

‰ÃiÅ
²£Ðö Niî~‚|#ZkÅic*Š{F,S:]ÃzZã™Cìp¼Z+S:]÷TÃ

²£Ðö Niî~‚|#

Ð¬5]c*8pZmÃzZã7HYYX}

Æ‚B¿™@* NaHSO3 Yõ7ŠêZzg**V„ Schiff ¤/z\ñ�ŠƒäÆ!*z�Šz{ Aldehyde ‰Ãi~ ●

ÅSà¬5]~ÐìX Aldehyde ì�ā
Æ‚B¬ï7™@*®ZZkÐªCÙƒ@*ìā Hydroxyl amine (Penta acetate ‰Ãi»"545é FG

EHZ$k543ï GGHGH) ●

¤/z\WiZŠZ:îg6,ñ�Š7ìX Aldehyde

‰ÃiŠzZNªV~0*c*Y@*ìÔZÖ^Z#‰ÃiÃZÈiW!²w~»gHY@*ìXT»$©�î EG0»î ●

²w~ Pyridine )ZÖ(ƒ@*ìXZkÆ',Üs&45é E>H^‰ÃiÃ ÔSpecific rotation ìXZk»
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)ZÖ(ƒ@*ìXZkÃë?iî~‚|#ÅæŠÐzZã D = +19 Zzg »g™Dz‰ÜqÝƒCìT»$©�î EG0»î

7™MhX

Mutarotation 1.5.4

J-VY@*ì +52.7 ÐQQìZzg  ÔSpecific rotation ÔÆW!²w» Alpha-D(+)Glucose

e¤/~J-VY@*ìXZk§bZÖZzg Ð(,|™ specific rotation » beta-D(+)Glucose ²

xƒ@*ìX specific rotation (¯D÷XT» equilibrium mixture &45é E>H‰ÃiÂZiãWö{)
Muta »Wö{»g™@*ìZÐ equilibrium value  psƒ™ Specific rotation Z+p~T~

¹Y@*ìX rotation 

Èiî~‚|# 1.5.5

¤/z\WiZŠîg6,ñ�Š7ƒ@*ìZzgz{ZÈ7Óë¤/z\Æ‚Bï™ Aldehyde Šg`!*ÑÕ÷ÐØ¸ìā
¤/z\¬xîg6,a¸c*0*v,»g06, -OH »g™@*ìXTÐ‰ÃiÅÈiî~‚|#qÝƒCìXt Hemiacetal 

Å̂~0*c* Fructose structure g0Èiî~%“ 5 ¯ä~æŠÇgìX®Z‰Ãi Hemiacetal ñ�Šƒ@*ìX�
^~ƒ@*ìX Pyrane g0 6 Y@*ìc*Q

g0ó%“)ªx5+k,ƒD÷X 4 Zzg 3 ªx5+k,~ÆÒpÐ

Pyrose g0Èiî~%“Å̂~ñ�Šƒ@*ì®Z‰ÃiÆ 6 ‰ÃiÅ6ð¬5]ÐªCÙƒ@*ìā‰Ãi
6,zòÃgñáÆ�Šg`fs§jÐ–Y@*ìX Haworth Ã Structure 
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(~ŠØ‰{ÆÆ_.Cc*Y@*ìX Chair Form ZÐçÃgx)

Anomers 1.5.6

Configuration »g0Å)‚|#( C1 Z+ëF,0Ì�h~�āZq-Šzu}ÆWñ�@7ƒDZzgZyÆ
¹Y@*ìX Anomer ZƒCìXZ7

�ÛÍiÅ
²£Ðö Niî~‚|# 1.5.7

%·]ƒD Cyclic Hemiacetal Å�h~ZÖZzggCÃgx~0*ðYCì�ā)‚"1¹Óë JG( Anomer Z,

¿ªCÙƒ@*ìX Muta rotation ÆW!²w~ Anomer ÷X
¤/z\ñ�ŠìXt?iî~ Ketone ìXZkÅ¬5]ÐØ¸ìāŠzu}»g06, C6H12O6 �ÛÍi»‚@Ÿ‚

ÃgñáÆ�qgzfs§jÐŠ3c*Y@*ìX Projection ÆFischer ‚|#Å̂~0*c*Y@*ìXZÐ

¤/z\Æ‚B¿Ð0*õg0 C=O ¤/z\ -OH» C5 tŠzÈiî~ZÖZzg&45é E>HªV~Ì0*c*Y@*ìXX~

‚|#¹Y@*ìX Furanose **ò%“ÐƒCì®ZZÐ Furan Èiî~%“¯@*ìTÅx¹
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Æfg=ªCÙHY@*ì6āfs (Haworth structures) �ÛÍiÆŠzZe%Å‚"1¹Óë JG‚½VÃ;zgB‚½V

~Š3c*ŠHìX

eZðóZà 1.6

W\¬„_·™`÷ā−c*ZŒc*Z,̂Z'.ð JVÆ‚BeZðóZ[+ÅW[0*æÏÐñâóZàÆ7Vc*Z
Šz‚Ó]qÝƒD÷XŠzñâóZàZq-Šzu}Æ‚BW‚à!*&+Æfg)a}gT÷�ā0*ãÆZq-‚?Æ
{g`ƒäÐáCìXWxZVÆfg=ŠzâñóZàZ»ÇVÆŠgxyZkn»Zîu†V‚[+uZîu

(B@*ìX Glycosidic linkage)

eZðóZà~Z¤/ñâóZàÆAs¤/z\ªZ®ŒàZzg™y¤/z\÷áï÷Ât)A~]÷}hziXZk

Æ',@z{]X~t·Z¤/z\WiZŠ÷A~]÷VwÆîg6,âwiZzgÅ5½3ð GHiX

(Sucrose) hzi 1.6.1

»Wö{ D-(-)-fructoseÔD-(+)-Glucose óZàk~ÐZq-ìXZkÅW[0*æÏÐ Oligo hzi

qÝƒ@*ìXT~‰ÃiZzg�ÛÍi)z~lZg~ƒD÷X

ÆŠgxy†V‚[+uZîu C2 �ÛÍiÆ D ZzggCX C1Æ ‰Ãi D ‰ÃiZzg�ÛÍiZq-Šzu}Æ‚BZÖX
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ÆÃgñáÆ~Šg`fs§jÐŠ¬YYìX Haward Æfg=a}gT÷XZ¹

hzigZ„¤/ŠÙìpW[0*æÏÆĝZ„¤/ŠÙ‰ÃiZzg!*�¤/ŠÙ�ÛÍiqÝƒD÷XYè�ÛÍi»Cz
(Ðic*Š{ìXZk§bhziÅW[0*æÏÐ¤/ŠlÅ´#Ö~p~ +52.5 (‰ÃiÆe&½h4ð GHgzŸ) -92.4 gzŸ)

(ƒY@*ìX Invert Sugar (Zzgâ°»**x$¨Ó4-ö
GG

GE]) - (ÐCz) + WYCìªeÀz)

(Maltose) âwi 1.6.2

Æ (ii (ZzgŠzu~‰ÃiZ»ð) i Z»ÇV6,Œƒ@*ìT~Zq-‰Ãi) alpha-D-glucose Zq-eZðóZàâwi
ÐÝƒ@*ìXZzgtA~S¤ÃªCÙ™@*ìZkatA~]ìX C4

(Lactose
Å5½3ð GHi) 1.6.3

Zzg beta-D-galactose tŠzŠ|Å]Æ**xÐY**Y@*ìXteZðóZàŠzŠ|~zZ�ÛlZg~0*c*Y@*ìXt
ÆŠgxyƒ@*ìX†reutA~]B@*ìX C4 Zzg‰ÃiÆ C1 6,Œƒ@*ìXµ5Ò5½3ð

Y
GGHiÆ beta-D-glucose
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0*àóZà 1.5

0*àóZàôzVc*DÙZgzVñâóZàZ»ÇV6,ŒƒD÷�āZq-Šzu}Æ‚B†V‚[+uÈlÆfg=

a}gT÷XtŠgCâjw~0*ñYäzZáƒÐ¬x»g1;àgf$÷X}t¬xîg6,{7ƒD÷X

(Starch Z6ga) 1.5.1

Z6ga7ŠzV~0*c*YäzZÑƒÐZë0*àóZàfí{ìXtZK̈âVÆaƒÐZë½Zðfg=ìXZ**`Ô

Zzg Amylose azVÔ¥Zzg¼!-V~Z6gaÅ¹ic*Š{lZgñ�ŠƒCìXtZÖ‰Ãi»0*Ê-,çGìZzgŠzZbZ
zŒìX6ðZ±gÐZZ�i% 15-20% 6,Œƒ@*ìXZZ�i0*ã~i5+k,²Z6gaÆ Amylopectin 

†V‚[+uÈl C1-C4 Z»×V alpha-D-(+)-glucose J- 1000 Ðá™  200 ÷áczZàîsiîìT~

Æfg=Zq-‚Ba~gSìX (Glycosidic bond)

Z»ÇV»÷á}.Zg alpha-D-glucose z6,ŒìXt 80-85% ZZ�"5»4è FGHE0*ã~i5+k,ìXZzgZ6ga»
†V‚àu C1-C6 †V‚[+uZîuÆfg=ƒCì²÷ápVÅú C1-C4 iî~0*Ê-,çGìXT~iîÅú

ZîuÆfg=ƒCìX
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(Cellulose
_5Ò3ð GGßi) 1.5.2

~ƒÐic*Š{lZg~0*c*Yä (Plant Kingdom)
_5Ò3ð GGßi{mîgÐ7ŠzV~0*c*Y@*ìZzgö.$kx

zZÑ**xCâŠ{ìXtm@*CúVÅï~Š-Zg»ƒÐZëbzìX_5Ò3ð GGiāiî6,Œ0*àóZàìT~Üs

ÐÝƒ@*ìX C4 Šzu~‰ÃiZ»ðÆ C1 Z»×VƒC÷Zy~Zq-‰ÃiZ»ð» ββββ-D-glucose

(Glycogen †VX) 1.5.3

³ZãŸ~»g1;[+gf$»fí{†VXÅ̂~ƒ@*ìXZÐ³ZãZ6gaÌ¹Y@*ìYèZkÅ‚|#
ZZ�"5»4è FGHEÐx¹gBbìZzg¹ic*Š{÷á}.ZgƒCìXt®ÔW]ZzgŠâr~ñ�ŠgLìXZ#ŸÃ‰ÃiÅ

(~Ì0*c*Y@*ìX Fungi ¢zg]ƒCìÂZ4,Zì†VXÃÂh™‰Ãi¯D÷X†VXZÆZzgí0+)

(Learning Outcomes) Zõ!}ò 1.7

ZkZ»ð~CYä»g1;[+g�»¬gsZzg)®)È~Æ!*g}~¥â]qÝÅXZkÆ´z{A~Zzg)A~]Ô
‰ÃiZzg�ÛÍiÅ¬xS:]Æ!*g}~Y**X'×h+‰ÃiZzg�ÛÍiÅ?iî~‚|#Æ!*g}~¥â]qÝÅX
eZðóZàZzg0*àóZàÆ!*g}~¥â]qÝÅX

(Key Words) ã~ZÖp 1.8

”ïÃAs™}óZÐA~]™D÷X Tollins c*Fehling Z+]�ā A~]: .1

”ïÃAs7™Có)A~]BCìX Tollins c*Fehling Z+]�ā )A~]: .2

»g0Å)‚|#( C1 Z+ëF,0Ì�h~�āZq-Šzu}ÆWñ�@7ƒDZzgZyÆ : Anomers .3

¹Y@*ìX Anomers ZƒCìXZ7 Configuration
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(Model Examination Questions) %:ZJãÎZÑ] 1.9

(Obejctive Answer Type Questions) czè�Z!*]ÆqïÎZÑ] (A)

9�Z[Å¶K0+„ÙX

X»g1;àg�~Z®Œà¤/z\ñ�Šƒ@*ìZ¹‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰¹Y@*ìX .1

(Z®z™i d) (™45¾æ XGEzi c) (™i b) Z®zi (a)

Ð‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‚?qÝƒD÷X Raffinose .2

(Zz’óZà d) &ñâóZà (c) (&eZðóZà b) (ŠzñâóZà a)

ÅWBæÏÐM®ZŠªôzVÉDÙZgzV‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰Æ‚?»gƒD÷X Polysaccharide MóZà .3

ñâóZà (d) (R,ZðóZà c) (eZðóZà b) (MóZà a)

‰Ãi"g8-N%“ìXT»$©�î EG0»î‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰ZkìX .4

(d) (c) (b) (a)

',z}0*ãÌ‰ÃiÅ‰™Æ‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰»g™@*ìX .5

(**xCZ‚k d) (»g1¢!Z[ c) ‰Ã7-!Z[ (b) (‰Ã7-Z‚k a)

‰ÃiÅ‰~„ƒCºm‰~úZï‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰Æ‚BƒCìX .6

¬ï Malaprade (b) Periodioic acid (a)

Zy~X (d) Lead tetra acetate (c)

�ÛÍi»$©�î EG0»î‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰Zkƒ@*ìX .7

(d) (c) (b) (a)

‰Ãi»‚@Ÿ‚‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰ìX .8

(Zy~ÐÃð7 d) C4H10O12 (c) C9H18O6 (b) C6H12O6 (a)

ZConfiguration »g0Å)‚|#( C1 Z+ëF,0Ì�h~�āZÜzu}ÆWñ�@7ƒDZzgZyÆ .9

ƒCìXZ7‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰¹Y@*ìX
Monomer (d) Anomer (c) Isomer (b) Stereoisomer (a)

~ƒÐic*Š{lZg~0*c* (Plant Kingdom) ‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰{mîgÐ7ŠzV~0*c*Y@*ìZzgö.$kx .10

YäzZÑ**xCâŠ{ìX
_5Ò3ð GGßi  (d) (�ÛÍi c) (âwi b) (†VX a)
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(Short Answer Type Questions) ¿�Z!*]ÆqïÎZÑ] (B)

SzV~É
ÀŸ/õGX 10 fsÆCÙÎZw»�Z[

»g1;àg�Å°pÉÀŸ/õGX .1

ñâóZàk6,¿âÉ̂ÀŸ/õGX .2

A~Zzg)A~]Å°pVßVÆ‚BÉÀŸ/õGX .3

‰ÃiÅZ6gaÐ»g~6,ì¬ïâÉ̂ÀŸ/õGX .4

‰ÃiÅ8S:]Òy<X .5

�ÛÍiÅ»g~ì¬ïZzg8S:]ÉÀŸ/õGX .6

6,âÉ̂ÀŸ/õGX Mutarotation .7

£¹Y@*ìÔì{āzZã<X Anomers .8

(Long Answer Type Questions) îs�Z!*]ÆqïÎZÑ] (C)

SzV~É
ÀŸ/õGX 30 fsÆCÙÎZw»�Z[

‰ÃiÅ6ðS:]6,¬5]Æ‚BâÉ̂ÀŸ/õGX .1

�ÛÍiÅ6ðS:]6,¬5]ÅæŠÐgzÝeZaX .2

‰ÃiÅ?iî~‚|#6,-âÉ̂ÀŸ/õGX .3

eZðóZà6,âÉ̂ÀŸ/õGX .4

Z6gaÔ_5Ò3ð GGßiZzg†VX6,¿âÉ̂ÀŸ/õGX .5

(Suggested Books for Further Readings) '×h+_¬Æa?m,™Š{ÂÁ 1.10

1.  Advanced Organic Chemistry by Bahl and Bahl.

2.  Advanced Chemistry by Dr. Mazhar Farooqui.

3.  Organic Chemistry by Jonathan Clada.

4.  Organic Chemistry by RT Morrison and R.N. Boyd

5.  Organic Chemistry Volume I &II by I. L. Finar
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:Zâ"ZŒÔƒàkZzg6,z9 2 Z»ð
(Amino Acids, Peptides and Proteins)

Z»ðÆZbZ
ā 2.0

£œ 2.1

Zâ"ZŒk 2.2

Zâ"ZŒÅŠgzÈ~ 2.3

ZâÅZŒÆ8pZm 2.3.1

6ðpZmz8pZm)¬5]( 2.4

6,z”Å‚|# 2.5

6,z”Z’Zð‚|# 2.5.1

6,z”ÅU*â~‚|# 2.5.2

6,z”Å�O‚|# 2.5.3

6,z”ÅÃZgR,3,~‚|# 2.5.4

6,z”»‚!‹t 2.6

Zu}»‹t 2.7

»§i N-ternimal Residue Analysis 2.7.1

»§i Degradation» EDMAN

Zu}»‹t C 2.8

Zõ!}ò 2.9

ã~ZÖp 2.10

%:ZJãÎZÑ] 2.11

czè�Z!*]ÆqïÎZÑ] (A)

¿�Z!*]ÆqïÎZÑ] (B)

îs�Z!*]ÆqïÎZÑ] (C)

'×h+_¬Æa?m,™Š{ÂÁ 2.12
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(Preface) ā 2.0

6,z”i0+ÏÆn¹ZëbìXt§»CŸ]~0*c*YäzZÑ¹ZëzìXÈ3~6,z”ÅlZgŠz
äðƒCìXt§»CÂx~Z�ÛZøZ�xŠï÷XZK̈âVZzgYâgzVÅ½Z~ZyÅ(,~¢zg]ZzgZÌìX

~å‰ÎÔpy~0*ñYD÷XZyÆZdwZzg‚|#ZµZµƒC Pancreas ™"54è GHGE**ò6,z”!*ßV~Z²AÔ

÷Xå‰ÎWxÅÃÆn¢zg~ì²Z²AZK̈yÆŸ~]c*]ÆŠgzÃ',ŒÛZggppc"u¢zg~ìX
ÐaZìTÆpZ’ZðZÌìX Proteios Zâ"ZŒÆ0*Ê-,çGƒD÷XÂ6,z”-**ãi!*yÆ (αααα) 6,z”tZÖ

(Aims) £œ 2.1

CYÃZâ"ZŒkÔZyÅŠgzÈ~Ô6ðpZmÅ¥â]�ÛZë™**X6,z”Å‚|#Ô‚!‹tÔZu}Æ

Z‚|#ÃŒ**X C §jZzg DegradationÆEDMAN ‹bÆÐ0WÇ{™**X

Zâ"ZŒk 2.2

·Z¤/z\ŠzâVñ�Š (-COOH (Zzg»g1¢¤/z\) -NH2 tZ,»gµ%·]ƒD÷X~Zâ"¤/z\)
~ÅYCìX ZâÅZŒk ρ Zzg γÔþ βÔα ƒD÷X»g1¢¤/z\ÐZâ"¤/z\»,£xÅãCŠ6,ZyÅŠgzÈ~

Zq-w°´#Ö &w°´#Ö Åúc*VS¤ R YÑiîÔ Z�ZŒ»**x

G Gly H †$h4è
J

GE .1

A Ala ZÞ2 .2

V Val * zg .3

L Leu * C̄ .4

I Ile * W$ið
J

C̄ .5

R Arg * Wg7454è EGEGE .6

K Lys * Ñ$h4è
J

GE .7

E Glu ‰#-)ë HGZŒ .8

D Asp ZägS-ZŒ .9

Q Gln ‰N*âí .10

N Asn ZägZå .11
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Zq-w°´#Ö &w°´#Ö Åúc*VS¤ R YÑiîÔ Z�ZŒ»**x

T Thr * ê-**í .12

S Ser §+ .13

C Cys
bk54è

H
GE .14

M Met * $4-£é GG-**í .15

F Phe * +bZÞ2 .16

Y Tyr N*],z̄ .17

W Trp R,ê@ .18

H His * 4k5å XHH+ .19

P Pro 6,zA .20

(αααα) ÜsZÖZâ"ZŒ6,z”ÅW[0*æÏÐqÝƒD÷XZy~Švdà¤/z\Ì0*ñYD÷XZÖ
ÂxÆ�**xŠc*Y@*ìXZkÂx~Zk%“ÅS¤c*XÐz{qÝƒD÷ÔÅ¯Y Travial Zâ"ZŒÃ¬xîg6,

ƒÐ¬¿ÐqÝ Tyrosine -**ãÂTÆ!š-ö
E
WL{óÐâpf÷X Glykos Ôt Glycine 6,ŠØYD÷}

Ã Glycine p¿ÐÝìXZâ"ZŒÃ¬xîg6,&w°´#ÖÐªCÙHY@*ìX} Tyros ƒZX�ā-**ãÂ

z){X AlaÃ AlanineÔGly

Zâ"ZŒÅŠgzÈ~ 2.3

Zâ"ZŒÆ8pZm: 2.3.1

tNk̂ƒD÷XZyÅ$©�î EG
0»î6,¹ƒCìXZâ"ZŒ0*ã~i5+k,ƒD÷Xt**xC…}\+Ô

(-COOH (Zzg!Z!) -NH2 Zpz){~)i5+k,÷X¬xîg6,0*ã~t¼w²w¯D÷XZâ"ZŒ~Z‚Ï)

Ì¹Y@*ìXZk~Šz̈ Zwitter ion ¤/z\ŠzâVñ�ŠƒäÐ#ÜS:]ªCÙ™D÷ZzgZÏn

(ƒD Optically active Æ´z{ŠvZÖZâ"ZŒy~Ã¶) Glycine µZzgt',¹!*gñ�ŠƒD÷X (Dipole)

ŠzªV~0*ñYD÷X L Zzg D ÷XYèZy~ZÖ»g0)?Àƒ@*ìXt
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6ðpZm)¬5]( 2.4

»g1¢¤/z\Å¯Y6,ƒäzZà¬5]: 2.4.1

Æ‚B¬ï™äÐÎe*#qÝƒD÷X NaOH ZÖZâ"ZŒÃZÅ¹Ðö}  ●

ZÈiÆ‚B¿ÐZâ"ZŒZ7k¯D÷X  ●

Æ‚B¿™ÆZŒ³gZà¯D÷X PCl5 Zâ"ZŒ  ●

ƒ@*ìXTÐZÇZâM Decarboxylation Æ‚B¤/x™ä6,Zy» Barium hydroxide Zâ"ZŒÃ  ●

X÷X

Æ‚B™ä6,Zâ"ZÈiqÝƒ@*ìX LiAlH4 Zâ"ZŒkÅAs  ●

¤/z\¬ï~z©8ìX -COOH Šg`!*ÑÓx¬5]~Zâ"¤/z\z7©8ÜsZzgÜs

¤/z\Å¯Y6,ƒäzZà¬5]: −−−−NH2 2.4.2

Glycine Hydro Æ‚B¬ïŠ¶Ð HClÃ Glycine )**xC!Z[Æ‚B¿:Zâ"ZŒ}  ●

**òZñ4#»gƒ@*ìX Chloride
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»g™@*ìX N-Acetyl Glycine Æ‚B¿™Æ Acetyl Chloride Zâ"ZŒ  ●

¯@*ìX Hippuric Acid Æ‚B¿™Æ Benzoyl ChlorideÔGlycine ZÏ§b  ●

»¿ƒ@*ìZzg Diazotization ŠgzwZg]6,F,IŠ¶Ð Zâ"ZŒÃ**>kF,ÚÆ‚B  ●

qÝƒD÷X Hydroxy Acids

Zâ"ZŒ6,ZdŠgzwZg]»ZW,: 2.4.3

ZÖZâ"ZŒÃic*Š{ŠgzwZg]J-¤/x™äÐZâ"ZŒÆŠz‚Ó]~ÐŠz0*ãÆ‚>V»ZyZ`ƒ@*ìZzg
qÝƒD÷X Diketopiperazines »gƒ@*ì‰ Diamide Zq-Èiî~

6,z”Å‚|# 2.5

6,z”egZ‚½V~z̧q5+k,ƒD÷XZ’Zð‚|#)6,ZÎ~(ÔU*â~‚|#)²g~(Ô�O‚|#
)R,Ñ~(ZzgÃZgR,3,~X

6,z”ÅZ’Zð‚|# 2.5.1

6,z”~Zq-c*ic*Š{0*àƒàiî,ƒ$Ë÷X0*àƒàZâ"ZŒ6,Œƒ@*ì�Zq-Šzu}Æ‚BZq-
ºmF,KM~a}ƒD÷XZâ"ZŒÅtF,KMZk6,z”Å6,ZÎ~‚|#B@*ìXZâ"ZŒÅF,KM~p~Ð*
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X 6,z”ú0*@*ì

6,z”ÅU*â~‚|# 2.5.2

(6,FFìXtŠzZn Regular Folding U*â~‚|#Zk~ñ�Š;àgzXÈlÐƒäzZà!*‡°{ñh)
ÅLÆîg6,0*ðYCìXt (Beta Pleated) ()ƒîŠZgÉ̈VÅ^(ZzggC&Ò543ï FGHGH Helix Å‚½VZÖ45Ó½ø

XG)

‚|# Helix ¤/z\ÆŠgxy;àgzXÈlÅzzÐ0*àƒàiî~¯®8-z�Š~WCìX NH Zzg C=O ‚854è
EG

G

~ƒàe~XÂ;àgzXÈl0$ËìXZk~0*àƒàiîŠZN;BÆ£Å̂~a~ƒCìXZk
Æµñh6,zZµ¤/z\Æ‚B;àgzXÈl¯@*ì6^~Š3c* Helix ¤/z\ NH ~CÙZq-Zâ"ZŒ»g±-

‚|#~0*àƒàiî,ic*Š{Ðic*Š{zÝJ-4ƒCìZzgZq-Šzu}Æ (Beta Pleated) ŠHìXgC&Ò543ï FGHGH

‚BU/Uñ�ŠƒCìXtiî,W:~Î‚ÓC;àgzXÈlÐa~ƒC÷Xt‚|#ÀzV~PÆ

x/ƒCìX®ZZkÃgC&Ò545å FGHGHÅL¹Y@*ìX

6,z”Å�O‚|# 2.5.3

ÃªCÙ™CìªZk~²g~‚|#Å'×h+µÈ~ (Folding) 6,z”Å�O‚|#0*àƒàiîzVÅåµ
zZãîg6,Š3ðŠîìXZkµÈ~Æ³~g6ŠZgZzgD~&ÒÕÿú0*C÷X�O‚|#~6,z”ÃZPxÔ
;àzXÈlÔeZðÏà�hÔz&+gzZw̧]Zzg',tjã¸]¾e$#÷X
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6,z”ÅÃZgR,3,~‚|# 2.5.4

6,z”X~Šzc*iZZ+0*àƒàiîñ�ŠƒVÂÃZgR,3,~‚|#ZyiîzVÅZq-Šzu}Æ‚BF,KMK~æŠ
ŠîìX

6,z”»‚!‹t 2.6

6,z”Æ‚!‹t~Šg`fs%ZiƒD÷X

(Infrared Spectroscopy) ik,,uc…3ýGúð 2.6.1

þ3100 cm-1 Zzg 3300 cm
-1 ñ�Šƒ@*ìX,zzÐik,,uc…3ýGúð~ -CONH- 6,z”~ƒà�h

ÆŒÛd$ 1550 Zzg 1650 ¤/z\)Z7+B5ë GFE
Y

(ÅzzÐMìXZkÆ‚B‚B NH 6,Z+Cå
E

E
EZ!®ŠZ]qÝƒD÷�ā

¿îZg¬÷á]ÅzzÐqÝƒ@*ìX C=O Z+Cå
E

E
EZ!®ŠZ]Mì�Zâà~

(UV Spectra) !*Ññ¶…3ýGúð 2.6.2

6,Zq-Z+Cå
E

E
EZ!aKqÝƒCìX 220nmÐ120 ÃN_.[™D÷®Z UV 6,z”~ñ�Šƒà�h

Zâ"ZŒ»‹t 2.6.3

0*æÏ Z,6,z”X~eZðÏàÈlñ�ŠƒCìZÐ6,ÃgîZŒÐ´u{HY@*ìXZkÆẐkÅW[

)**xC!Z[Åñ�ŠÏ~™äÐ¬ƒàqÝƒD÷XÅ'×h+W[0*æÏÐZâ"F,ÚqÝƒD÷X
qÝƒäzZáZâ"F,ØVÆWö}Ã™zā¤/Z°‹tÅæŠÐ´u{HY@*ìXW`ÀW+ZÞâ™zā¤/Z°

ÅæŠÐZâ"ZŒÃ́u{HY@*ìZzgZ7T**Y@*ìX
…3ýGúð NMR 2.6.4

Z†ZÅæŠÐÅYCìX¡ÎZâ"ZŒÆ²wÆ NMR ™zā¤/Z°Ð´u{G‰Zâ"ZŒÅTy    

WŠï÷XZÏ§b‚àuÅzzÐZ+Z*WgÆW NMR 6,«ƒCìX®ZZZâ"ZŒZµZµ£x6, pH
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ZµZµ£x6,qÝƒD÷XÆ‹tÐZâ"ZŒÅTyÅYCìX

Zu}»‹t 2.7

C ZuZƒ@*ìÂŠzuZ N ƒàiîÆŠzâVuzV6,ñ�ŠZâ"ZŒÆZu}ZƒD÷XZq-u}6,
6,»ƒ@*ìXXÅÙ|#Šg`fs§jÐÅYCìX -COOH ZuZ

N-ternimal Residue Analysis 2.7.1

‹tÌB@* 2,4 Dinitroflourobenzene(DNFB) »§iB@*ìXZk§i~ Sanger t§i ●

£x6,ƒD÷X�ÈÙZ¼zyÃZK‚q÷XTÐjg+Å para Zzg ortho ~ñ�Š**>z¤/z\ DNFB ìX
¬$Ò3ïGG~ZŸ†ƒ@*ìXZzgZkÆ£x6,WiZŠZâ"¤/z\»Eè†]4o-ö EH

k×¯Z‚Ï²w~ƒ@*ìXqÝ”{Ã

ÅTyÅYCìX DNPAA ÅW[0*æÏ™ÆŠzZZâ"ZŒ»Wö{qÝHY@*ìXZkWö}Ã́u{™Æ

»§i: Degradation» EDMAN ●

Æ‚BZ‚ÏzZô)z*(~F,IŠc*Y@*ìT Phenyl isocynate Zk§j~ZZâ"¤/z\u}Ã
Æ‚B™äÐZq-Zâ"ZŒ‚? HCl Ðƒà]4o-ö EH

kÁ¢45ÿ
E

GEåÇ-gc*%“qÝƒ@*ìTÅW[0*æÏW!
ÅZ‚ÏW[ Phenyl thio hydantoin »g™@*ì†ƒàiî�VÅÂVgSìX Phenyl thio hydantoin

qÝƒ@*ìXT»‹t Phenyl iso thio cyanate Åñ�ŠÏ~ÅYCìXÂZZâ"ZŒZzg Ba(OH)2 0*æÏ

»§i¹Y@*ìX DegradationEDMAN ™ÆZâ"ZŒÅTyÅYCìXZk§jÃ
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Zu}»‹t C 2.8

�hÅ@*;™@*ìXTÐ peptide ¤/z\ÆŒÛd$ñ�Š carboxy {%{ºmîg6, Carboxypeptidase

WiZŠZâ"ZŒqÝƒ@*ìX†ƒàiî~Šzu}ƒà�hÅ@*;™@*ìXQŠ}ÔZk§bFƒà�hÅ
@*;™äÐ¹‚g}Zâ"ZŒÆ‚ãqÝƒD÷X®Zt§iºmZâ"ZŒeÃT+ÆnZEwH

Y@*ìX

(Learning Outcomes) Zõ!}ò 2.9

ZkZ»ð~CYäZâ"ZŒÅ°pÔQyÅŠgzÈ~Zzg6ðpZmÆ!*g}~¥â]qÝÅX'×h+6,z”Å‚|#

Æ§jÆfg= degradationÆEdman ZyÅ‚!‹tZzgZu}Æ‹tÆ!*g}~ÌY**XZkÆ´z{

XZ‚|#ÃÌŒX C

(Key Words) ã~ZÖp 2.10

2,4 Dinitroflourobenzene : DNFB .1

ZL»gµ%“X~Zâ"¤/z\Zzg»g1¢¤/z\ŠzâVñ�ŠƒX Zâ"ZŒk: .2

Zk§jÆZZâ"¤/z\Ã¥xHY@*ìX »§i: Degradating EDMAN .3
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(Model Examination Questions) %:ZJãÎZÑ] 2.11

(Obejctive Answer Type Questions) czè�Z!*]ÆqïÎZÑ] (A)

9�Z[Å¶K0+„ÙX

È3~6,z”ÅlZg‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰ƒCìX .1

Šzäð  (d) Zq-aåð  (c) &aåð  (b) (Zq-äð a)

Y0+ZgzVÆpy~0*c*YäzZÑ6,z”‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰ìX .2

(Zy~ÐX d) (Z²A c) (™"54è GHGE b) å‰Î (a)

ñ�ŠƒD÷? (Dipole) Zâ"ZŒk~Ãµ̈ .3

(Zy~ÐÃð7 d) (µ',¹!*g c) (t',¹!*g b) µZzgt',¹!*g (a)

(¤/z\ŠzâVñ�ŠƒäÐ#ÜS:]ªCÙ™D÷Zzg -COOH (Zzg!Z!) -NH2 Zâ"ZŒ~Z‚Ï) .4

ZÏn‰‰‰‰‰‰‰‰‰‰‰‰‰‰Ì¹Y@*ìX
(WiZŠgi+p d) i-R,Wí (c) (»g0Z**+ b) (»g1́45éGH+ a)

Zâ"ZŒk‰‰‰‰‰‰‰‰‰‰‰‰‰Æ‚B¿ÐZâ"ZŒZ7k¯D÷X .5

(WiZŠgi+p d) (i-R,Wí c) (Zp b) ZÔ (a)

Æ‚B¤/x™ä6,Zy»‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰ƒ@*ìXTÐZÇZâMX÷X Barium Hydroxide Zâ"ZŒÃ .6

Decarboxylation (b) Carboxylation (a)

Hydrogenation (d) Hydration (c)

ZÖZâ"ZŒÃic*Š{ŠgzwZg]J-¤/x™äÐZâ"ZŒÆŠz‚Ó]~ÐŠz0*ãÆ‚>V»ZyZ`ƒ@*ìZzgZq- .7

»gƒ@*ì&‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰qÝƒD÷X Diamide Èiî~

Triketopiperazines (b) Diketopiperazines (a)

ketopiperazines (d) Dialdopiperazines (c)

Æ:Lik,,uc…3ýGúð~‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰6,WMìX -CONH- 6,z”~ñ�Šƒà�h .8

1800cm
-1 (d) 1500cm

-1 (c) 3500cm
-1 (b) 3300cm

-1 (a)

‚|#~ƒàe~XÂ‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰0$ËìX Helix 6,z”Å .9

;àgzXÈl (d) (ÃWgeÆÈl c) (Ãz&Ó43ï GGEHÈl b) (W´Èl a)
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~ñ�Š**>z¤/z\‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰£x6,ƒD÷X DNFB .10

meta (d) para Zzg ortho (c) meta Zzg ortho (b) meta Zzg para (a)

(Short Answer Type Questions) ¿�Z!*]ÆqïÎZÑ] (B)

SzV~É
ÀŸ/õGX 10 fsÆCÙÎZw»�Z[

Zâ"ZŒk»¬gsÒy<X .1

Zâ"ZŒkÅŠgzÈ~6,gzÝeZaX .2

¿6,¬ïÅæŠÐâ^sX Diazotization Zâ"ZŒÆ .3

Æ‚B¬ïŠ¶ÐHqÝƒ@*ì?6ð¬ïÆæŠÐzZã<X HClÃ Glycine .4

6,z”ÅZÖ
45Ó½ø
XGZzggCN‚½VÅZDw¯�X .5

»§iHì?â^sX Degradation » EDMAN .6

Zâ"ZŒ6,ZdŠgzwZg]ÆZW,6,6ð¬ïÅæŠÐgzÝeZaX .7

(Long Answer Type Questions) îs�Z!*]ÆqïÎZÑ] (C)

SzV~É
ÀŸ/õGX 30 fsÆCÙÎZw»�Z[

6,z”Ã®ÿ
NX‚½V~„HYYì?CÙ‚|#6,̂ÅæŠÐ¿â^sX .1

Zâ"ZŒkÆ»g1¢¤/z\Å¯Y6,ƒäzZà¬5]6,gzÝeZaX .2

…3ýGNMR (Zzg UV Spectra (Ô!*Ññ¶…3ýGúð) Infrared Spectroscopy ik,,uc…3ýGúð) .3

úðÆfg=6,z”Æ‚!‹t6,gzÝeZaX

(Suggested Books for Further Readings) '×h+_¬Æa?m,™Š{ÂÁ 2.12

1.  Advanced Organic Chemistry by Bahl and Bahl.

2.  Advanced Chemistry by Dr. Mazhar Farooqui.

3.  Organic Chemistry by Jonathan Clada.

4.  Organic Chemistry by RT Morrison and R.N. Boyd

5.  Organic Chemistry Volume I &II by I. L. Finar

41



:EÀZŒk 3 Z»ð
(Nucleic Acids)

Z»ðÆZbZ
ā 3.0

£œ 3.1

EÀZŒÆZbZY 3.2

Z‚k Pyrimidine Zzg Purine

Eè‚àk 3.2.1

EèN*àk 3.2.2

EèN*à0*Ê-,ç G 3.3

Å‚|# DNA 3.4

ÅZlx RNA 3.5

g
&Ò5»4j

è
FGG

I
E DNA 3.5.1

ÅF,I mRNA ÔTranscription 3.5.2

6,z”Å§»CF,IZzgÂZg_Ãe 3.5.3

Zõ!}ò 3.6

ã~ZÖp 3.7

%:ZJãÎZÑ] 3.8

czè�Z!*]ÆqïÎZÑ] (A)

¿�Z!*]ÆqïÎZÑ] (B)

îs�Z!*]ÆqïÎZÑ] (C)

'×h+_¬Æa?m,™Š{ÂÁ 3.9

42



(Preface) ā 3.0

¹„Zë§C‚ã÷ÔY0+ZgÅ›zúZyÅ‚|#6,«ƒCìXtZq-  RNA Zzg DNA EÀZŒ}

dSÅS:]Šzu~dS~v™äÆnÌf)ŠZgƒD÷XZyÅzzÐZq-dïÆFç5]ZLW!*YzZ].ZŠ

~?/ƒD÷X®ZEÀZŒÃÂZgþ_Ì¹Y@*ìX§C‚ãÆ%œ/}~0*ñYäzZáfgZ]Ã™zñizx¹Y@*
ìX�6,z”ZzgŠzu}§C‚?)EÀZŒ(6,ŒƒD÷XEÀZŒŠznÆƒD÷XZq-e~WËgZ&43ð

J
GEEÀ

(XEÀZŒtEèN*àÆîsiî~0*Ê-,çGƒD÷X®ZEÀZŒÅ RNA (ZzgŠzu}gZ&43ð
J

GEEÀZŒ) DNA ZŒ)

W[0*æÏ™ä6,EèN*àX÷XXÅ'×h+W[0*æÏÐÃ`guZŒZzgEè‚à»gƒD÷XEè‚àÅ'×h+
Z‚kZzggZÆic*e~WËgZ&43ð

J
GEi]qÝƒD÷XÎeĝ~Š3c*ŠHìX Pyrimidinec*Purine W[0*æÏÐ

(Aims) £œ 3.1

Å mRNA g
&Ò5»4j

è
FGG

I
EÔ DNA ÅZlxÔ RNA Å‚|#Ô DNA EÀZŒÆZbZYÐzZ�™zZ**X CYÃ

F,IZzg6,z”Å§»CF,IZzgÂZg_ÃeÅ¥â]�ÛZë™**X

EÀZŒÆZbZY 3.2

Z‚k: Pyrimidine Zzg Purine

§8-BIÆ‚B%1oƒC Imidazole §8-&I Pyrimidine tZq-)I÷ó%“ìT~ Purine

¹Y@*ìXZzgz£x6,Wã¤/z\Zzg Adenine z£x6,Zâ"¤/z\ñ�ŠƒÂZÐ subtituted ÆPurine ìX
~ñ�ŠƒD÷X RNA Zzg DNA ë÷Xt Guanine Šzu}6,Zâ"¤/z\ƒÂZÐ

ŠzâV Cytosine 0*c*Y@*ìX Thymine ~DNA ñ�Šƒ@*ì² Uracil~RNA Z‚k: Pyrimidine
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ÅÃìT~Šzu}Zzga¸£x6,Wã¤/z\ñ�Šƒ@* PrymidineÔUracil ~0*c*Y@*ìX RNA Zzg DNA 

tCytosine ~Šzu}Zzga¸£x6,WãÆ‚B‚B0*v,£x6,$
4-£

ÿ
G

G

¤/z\Ìñ�Šƒ@*ìX Thymine ìX
ÅÃìT~Šzu}£x6,WãZzga¸£x6,Zâ"¤/z\ñ�Šƒ@*ìX Pyrimidine 

Eè‚àk 3.2.1

Purine ‰āZz6,ÒyHŠHEè‚àt)I÷óZ‚kZzgâi]Ðï™¶ƒD÷X)I÷óZ‚k

e~WËgZ&43ð
J

GEi�ā0*õg0AgZâk§8-zZá]ìX -2 ƒD÷²âi]gZ&43ð
J

GEic* Pyrimidinec*

: (Adenosine) Zi+ē

»zì�Zi+bíZzggZ&43ð
J

GEiÐï™¯ƒ@*ìXŠzâVZq-Šzu}Æ‚B†reu�hÐ%1o RNAt

ƒD÷X

: (Dexoythymidine) e~WË
(Ÿ-.5å

G

GG
H+

ÆYÐáCìXŠzâVZq-Šzu}Æ‚B†reu Thymine e~WËgZ&43ð
J

GEiZzg -2 »zì� DNAt

�hÐ%1oƒD÷X
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ÔAdenosine Z‚kÆaäÐgZ&43ð
J

GEEè‚à} Pyrimidine Zzg Purine ZÏ§bgZ&43ð
J

GEiZzgŠv

Z‚kÆ Pyrimidine Zzg Purine X÷XZÏ§be~WËgZ&43ð
J

GEiZzgŠv Uridine Zzg Guanosine ÔCytidine

qÝƒD÷X deoxyguanosine Ôdeoxycytidine Ôdeoxyadenosine aäÐe~WËgZ&43ð
J

GEEè‚à}

®ZZyÆ**xZy~ñ�ŠŠzâVZ»ÇVÅ¯Y6,ŠØYD÷X

]Zzg)I÷Z‚kÆ**xÅæŠÐŠØYD÷X Pentose Eè‚àÆ**xZy~ñ�Š Âxl:

EèN*àk 3.2.2

EèN*àk~Eè‚[+ZzgÃ`guZŒÔÃZ̀7�hÐZq-Šzu}Æ‚Ba}ƒD÷X¬xîg6,
;àgz¢¤/z\ZzgÃ`guZŒÆZ7

$©5»4j
è

G
E

GG
I

EÐqÝƒD÷XEèN*àktEÀZŒÅñâ% C-5ÆPentose

Z»×VƒC÷XEèN*àÃŠz§bÐ**xŠØYD÷X

Guanocine 5-phsphate Ã‘�hZY@*ìX} -5 ñâÃ‘c* -5 Zk§j~E³‚àÆ**xÆˆ

XGuanylic acid �hŠc*Y@*ìX} yilc acid U™ osinec*ine Šzu}§j~Eè‚àÆ**x~Ð
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(Polynucleotides) EèN*à0*Ê-,çG 3.3

EÀZŒkEèN*àkÆ!*g!*gŠCÙZäÐ0*Ê-,çGÅ^~»gƒD÷X¬xîg6,tEè‚àR,Zñ

ÆZyZ`ÆˆqÝƒD÷X Pyrophosphate y Ã‘ÐqÝƒäzZá0*Ê-,çG÷X�0*Ê-,çG‚i~ÆŠzgZ

~0*àEèN*àÅ‚|#ÃŠ3c*ŠHìX RNAÔDNA

Å‚|# DNA 3.4

EÀZŒÅŠziîzV6,Œƒ@*ìXT~ŠzâViî,Zq-Šzu}Æ‚B;àgzXÈlÅæŠÐ DNA

Thymine ÔAdenine a~ƒCìXEÀZŒ~ñ�ŠegZ‚Ï�CÙºm�h-V~;àgzXÈl¯D÷X}

ÆŠzâV DNA Æ‚B;àgzXÈl¯D÷XtÎ‚ÓC;àgzXÈl Cytocine ÔGuanine Æ‚BZzg
ÅU*â~‚|#qÝƒCìX&nÅ̂~Š3c*ŠHìX DNA iîzVÃ�h}gBbìXTÐ
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(ZßwÅæŠàYCìXTÆ_. Chargaff Å‚|#ÃKÆnegƒ) DNA

~Z‚kÅ®ZŠZzgF,KMxƒCìX DNA ºmY0+Zg~ ●

Zq-Y0+ZgÆ£«Šzu}Y0+Zg~Z‚kÅ®ZŠzF,KMpsƒCìX ●

~ñ�ŠZ‚kÅ®ZŠzF,KM”/ƒCìX DNA �Y0+ZgZq-Šzu}ÐXRƒD÷ZyÆ ●

Å®ZŠÆ',Z', Cytocine Å®ZŠ Guanine Æ)z~ƒCì² Thymine Å®ZŠå Adenine Y0+Zg~ ●

ƒCìX
Z‚kÆ',Z',ƒCìX Pyrimidine Z‚kÅlZgå Purine Y0+Zg~ñ�Š ●

Å‚|#»_·HXZzgZk³6,àā̄~ñ�ŠŠz DNA ÅæŠÐ X-ray DiffractionäM Wilkins
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Z»×VƒC÷X 10 »Ã,ƒ@*ìZzgZq-ƒî~ 34AU iîzVÆÖ@

tegƒZßw6,FFìXZyÆâew~0*àEèN*àiî,ŠZN‚~ƒD÷ Watson Crick Model

ZzgZq-Šzu}Æ#³‚~Zq-Å"g6,|ŠZgŠzCÙ~|»g™D÷XZzgZy~Z‚kZk§bÐñ�ŠƒD÷ā
Æ‚B�h~»g™@*ìX¼ºmZ‚Ï�hc*Vºm(6,0*ðYC÷X Pyrimidine Šzu}iîÆ Purin Zq-iî»

XÆŠgxy;àgzXÈlñ�ŠƒCìXZq-u~Z‚kÅF,KMÅæŠÐŠzu~iî~ñ�ŠZ‚kÅF,KMÃ¥x

(HYYìXt!*gŠZgÃ‘Z7t̂Æ!*CÙ~‚ñ�ŠƒD÷XZzg�WiZŠƒD÷XZzgZ§ZsÆ Determine)

EèN*à�hc*VZq-ƒî~ñ�ŠƒC÷TÅMð 10 ƒ@*ìX~ 20Au »¢ Helix âŠzVÐgZ‚‡ì™Mh÷X
ƒCìX 34A

ÅZlx RNA 3.5

gZÆEÀZŒÅ&ZlxƒC÷X
mRNAÔRNA $4o-

?ç
G

E
E ●

tRNAÔRNA R,Zc ●

rRNAÔRNA gZÆizï ●

ÅZq-„iîƒCìX Polyribonucleotide ÐgLƒD÷ZzgT~ DNAt

g
&Ò5»4j

è
FGG

I
E: DNA 3.5.1

B@*ìXZkŠzgZy DNA Replication zZ?Zzg°æLuÆ_.îZgO¥â]5±~vƒä»¿
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Æ6‚ã§»CF,IÅæŠÐZk§bÐ»gƒD÷āZy~ñ�ŠZ‚kÅ®ZŠzF,KMZK5±~ DNA 

g
&Ò5»4j

è
FGG

I
EúVÅ¬x„ÆŠzgZyŠzâViî,)ÄA�î FŠZgƒYC÷XZzgCÙZq- DNA )z~gìXzZ?Zzg™uÆ_.

WiZŠqª~ƒ@*ì�Z&À=ç GX~ Deoxynucleosite triphosphate iî‚çÆîg6,»x™CìX%œ/}~ñ�Š

iî~Ãæ™@*ìXZk§bŠz5iî,»gƒC÷X�Zq-Šzu}Å#³ƒC÷X

‚?ÜƒCìXEàð„Ð¬‚ã~Zq-ð9iîZzgZq- Parent 6»g”{Šº‚?Å‚|#F,KM

¹Y@*ìXEàð„ÆŠzgZyîZgOâŠzVÅÜ Semi Conservative iîñ�ŠƒCìXZk¿Ã DNA 5»g”{

Ÿ]~vƒYCìX Progeny »gƒCìZzg

ÅF,I: mRNA ÔTranscription 3.5.2

»gN*zŠzCÙ~
45Ó½

ø
X

G~Ð´u{ DNA ÆR,Zð&½j
è

FI
EÐƒCìT~ DNA ‚?ÅF,I mRNA

Èl»gƒCìXt¿ÓO¬ïÅñ�ŠÏ~ 3-Ð5- ÆŠgxy Phospate Zzg Sugar ƒ™ŠzZiî,»g™@*ìX
ÅF,IÆn mRNA **ò{%{Zk¿~ÓO¬ïÆîg6,ZEwƒ@*ìX RNA Polymerases ƒ@*ìX

ÆDNAÔmRNA Å¢zg]ƒCìX*qÝƒäzZá RNA Æeg‚çZzg Ribonuclesite triphosphate

Šz!*g{ªx5+k,45Óë X
G»g™@*ìX DNA ŠzCÙ~45Ó½

ø
X

G~ñ�Š7ƒ@*X®Ze{ƒ™EÂÐòY@*ìXZzg

6,z”Å§»CF,IZzgÂZg_Ãe: 3.5.3

ÆZq-ºmz»ÃeT~Zq-å0*àƒàiîÅ§»CF,I»ÃeåB@*ìXZåÆn DNA

‚60 ÅôZã~ƒCìXtgZÆizx6,ƒCìT~ mRNA iî~ZÃeñ�Šƒ@*ìX6,z”Å§»CF,I

Ð¦™ÆWÐv™@* DNA ‚ç»»x™@*ì�îZgO¥â] mRNA ‚6,z”ñ�ŠìXgZÆizx6, 40 Zzg RNA

~ñ�ŠgZÆEèN*àÅF,KMZq-ÃeÃÀŠîìXZzgt…/õ
J™CìÃ̈KZâ"ZŒ¾F,KM~gìÇX mRNA ìX

ÃeiîÆZ!ò 3 ÃeƒD÷X† 61 ñ�ŠƒD÷ZzgZâ"ZŒÆ Triads 43=64 Æ ÆegzVZ‚k RNA

tRNA ™@*ìZk¿ÃR,Z
$hÓ4j

è

E

G
I

Eë÷XZq-ÃeÆnZq- tRNA Æ¦”{ÃeÃK»¿ mRNA ÃeƒD÷X
Zq-ºmZâ"ZŒÃ�h@*ìXTÐ tRNA ƒD÷XZq-ºm tRNA Z60 Å¢zg]ƒCìX®ZÁZiÁ

gZÆEèN*àñ�ŠƒD÷z{ºmZâ"ZŒÆ‚BaD 100@*70 X~ tRNA Zq-6,z”Åiî»gƒCìX
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~Zq-ZAÃezy tRNA ;àgz¢¤/z\Z7�h»g™@*ìXCÙZq- 3- uZZzggZ&43ð
J

GEi» 3-» tRNA ÷XZyÆŠgxy

ñ�Šƒ@*ì�āgZÆEèN*àÅ#³F,KM~ƒ@*ìX

(Learning Outcomes) Zõ!}ò 3.6

Åg
"5Ò5»4j

è
GFGG

I
EÆ!*g} RNA Å‚|#Ô DNA ZkZ»ð~CYäEÀZŒÆZbZYÆ!*g}~zZ/qÝÅX'×h+

ÅF,IZzg6,z”Å§»CF,IZzgÂZg_ÃeÆ!*g}~Ì¥â]qÝÅˆX mRNA ~Y**ŠHXZkÆ´z{

(Key Words) ã~ZÖp 3.7

e~WËgZÆ : DNA .1

EÀZŒ

gZÆEÀZŒ : RNA .2

ÂZgOS:]c*õ&]»5±~ƒä»¿X g
"5Ò5»4j

è
GFGG

I
E: DNA .3

(Model Examination Questions) %:ZJãÎZÑ] 3.8

(Obejctive Answer Type Questions) czè�Z!*]ÆqïÎZÑ] (A)

9�Z[Å¶K0+„ÙX

§C‚ãÆ%œ/}~0*ñYäzZáfgZ]Ã‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰¹Y@*ìX .1

™zñizx (d) (gZÆizx c) (&4k54k2.ç

H
GH

GH
Gzy b) (‰Ãi a)

z£x6,Zâ"¤/z\ñ�ŠƒÂZÐ‰‰‰‰‰‰‰‰‰‰‰‰‰¹Y@*ìX subtitutedÆPurine .2

Thymine (d) Uracil (c) Guanine (b) Adenine (a)
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~‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰0*c*Y@*ìX DNA ñ�Šƒ@*ì² Uracil~RNA .3

Thymine (d) Uracil (c) Guanine (b) Adenine (a)

e~WËgZ&43ð
J

GEi�ā‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰AgZâk§8-zZá]ìX -2 âi]gZ&43ð
J

GEic* .4

(‚]g0 d) (bg0 c) (egg0 b) 0*õg0 (a)

EèN*àkt‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰Åñâ%Z»×VƒC÷X .5

DNA (d) (»g1œ/´ZŒ c) EÀZŒ (b) (Zâ"ZŒ a)

EÀZŒ~ñ�ŠegZ‚Ï�CÙºm�h-V~‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰¯D÷X .6

;àgzXÈl (d) (ÃWgeÆÈl c) (Ãz&Ó43ï GG
EHÈl b) (W´Èl a)

zZ?Zzg°æLuÆ_.îZgO¥â]5±~vƒä»¿‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰B@*ìX .7

RNA Replication  (b) DNA Replication (a)

tRNA Replication (d) DNA Duplication (c)

Æeg‚çZzg‰‰‰‰‰‰‰‰‰‰‰‰‰‰Å¢zg]ƒCìX Ribonucleoside triphosphate ÅF,IÆn mRNA .8

mRNA (d) tRNA (c) RNA (b) DNA (a)

6,z”Å§»CF,I‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰ÅôZã~ƒCìX .9

mRNA (d) tRNA (c) RNA (b) DNA (a)

ñ�ŠƒD÷X Triads Æ‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰  ÆegzVZ‚k RNA .10

33=27 (d) 43=64 (c) 23=8 (b) 53=125 (a)

(Short Answer Type Questions) ¿�Z!*]ÆqïÎZÑ] (B)

SzV~É
ÀŸ/õGX 10 fsÆCÙÎZw»�Z[

Z‚k6,¿â^sX Pyrimidine Zzg Purine .1

Z‚k6,{āÆfg)gzÝeZaX Pyrimidine .2

Eè‚àk£ë÷? .3

(»{ā»gÙX Adenosine Zi+ē) .4

(~ñ�Š†reu�hÃ{āÆfg)zZãÙX Dexoythymidine e~WË
(Ÿ-.5å

G

GG
H+) .5

ÅF,I6,gzÝeZaX mRNAÔTranscription .6
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6,z”Å§»CF,IZzgîZg_Ãe6,â^ÉÀŸ/õGX .7

Å»g~¬ïÅæŠÐzZãÙX Polynucleotides EèN*à0*Ê-,çG .8

(Long Answer Type Questions) îs�Z!*]ÆqïÎZÑ] (C)

SzV~É
ÀŸ/õGX 30 fsÆCÙÎZw»�Z[

Eè‚àÆÂxlÆ_.Ãð0*õEè‚àÆ**xÉÀŸ/õGX .1

(ZßwÆZï]ÉÀŸ/õGX Chargaff Å‚|#ÃKÆnegƒ) DNA .2

^ÅæŠÐzZãÙX Watson Crick Model .3

g
&Ò5»4j

è
FGG

I
E^Æfg)zZãÙX DNA .4

(Suggested Books for Further Readings) '×h+_¬Æa?m,™Š{ÂÁ 3.9

1.  Advanced Organic Chemistry by Bahl and Bahl.

2.  Advanced Chemistry by Dr. Mazhar Farooqui.

3.  Organic Chemistry by Jonathan Clada.

4.  Organic Chemistry by RT Morrison and R.N. Boyd

5.  Organic Chemistry Volume I &II by I. L. Finar

52



:Å545å GFG
Hk 4 Z»ð

(Lipids)

Z»ðÆZbZ
ā 4.0

£œ 4.1

Å545å GFG
HkÅ)®)È~ 4.2

Fatty acids %Zzgl!~ñ�Š¬x 4.3

Zz~¢4-ö
E

GHZŒk 4.4

R,Z÷¢3ï
E

GH 4.5

%»;àgz7454jè EGEGIE)z
$h4-ö
E

FGâÅ»g~B%Ål!~p~( 4.6

%Zzgl!»‹tzf 4.7

™µ®ŠB� Saponification Value 4.8

WÇe+� 4.9

§»CÂx~R,Zñ%ZàÔj6,z”ZzgÃÅ̀545å GFG
HÔZgZàkÔ†rÅ545å GFG

HÅZÌ 4.10

Zõ!}ò 4.11

ã~ZÖp 4.12

%:ZJãÎZÑ] 4.13

czè�Z!*]ÆqïÎZÑ] (A)

¿�Z!*]ÆqïÎZÑ] (B)

îs�Z!*]ÆqïÎZÑ] (C)

'×h+_¬Æa?m,™Š{ÂÁ 4.14
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(Preface) ā 4.0

ÐâpfìTÆpl!Æ÷Xt)ë½**xC%·]÷XÎZyÅºm Lipos Å545å GFG
Ht-**ãÂ

(ÆZëgÁ÷�**xC…}ZpÔ Tissu S:]Å¯Y6,Zq-e{)®)~g3ŠHìXt¯@*]Zzg³Z**]Æ
$o-

÷
E

GE)

»g06Z³gZàÔ³gzÃgxÔÜ+z){~i5+k,÷²0*ã~åîg6,)i5+k,ƒD÷XqDiâ:~̄Z%Zn

~ZŸ†ÅzzÐZy»_·"u¢zg~ƒŠHìXZÏÆ‚B‚Bt™0Ôz$h4-ö
E

FGâÔg8-zgzµÅ»g~~{xâwÆîg
6,ZEwƒ@*ìXZy»§»CÂx~(,ZZëgzwƒ@*ìXÅ545å GFG

Ht̄GÆZ§ZsâŠ{ÅÃ~ZëgzwZŠZ™D÷Xt
Ænf)ŠZgìXŸ]Ã�h} storage Ÿ]Å™«Ì™@*ìÔŸÆŠgzwZg]ÃÂZiy~g‚rìXtÂZ**ðÆ

Zzg Vitamin D Zzg Vitamin A ZëgzwZŠZ™D÷X Lipoprotien Zzg Glycolipid gppZzgZyÅ™«Æn

�āÅ545å GFG
HƒD÷ÔtŸÅ»g™ŠÏl!Z�xŠ¶~æŠÇgU*"$ƒD÷X Steriods ¼

(Aims) £œ 4.1

CYÃÅ545å GFG
HkÅ)®)È~Ô%Zzgl!~ñ�Š¬x¢4-ö

E
GHZŒkÔZz~¢4-ö

E
GHZŒkÔR,Z÷¢3ï

E
GHÐ0¥â]�ÛZë

™**X%Æ;àgz7454jè EGEGIEZzg%Zzgl!Æ‹tzfÃŒ**X™µ®ŠÔWÇe+�Zzg§»CÂx~R,Zñ%ZàÔ
j6,z”ZzgÃÅ̀545å GFG

HÔZgZàkÔ†rÅ545å GFG
HÅZÌÐWÇ{™**X

Å545å GFG
HkÅ)®)È~ 4.2

Å545å GFG
HkÅ)®)È~ZyÅW[0*æÏÅ¯Y6,ZzgZyÅ‚@‚|#Åx¹Å¯Y6,ÅYCìX

‚Š{Å545å GFG
Hk: 4.2.1

(Fatty Acids ZzgZd**xCF,Ú) Glycrol t%Zzgl!ƒD÷XÅW[0*æÏÐ %Zzgl!:
Ð¶ƒD÷X²l! Fatty Acids qÝƒD÷X%t¬xŠgzwZg]6,âùqª~ƒD÷Zzgt)§”{

(t¬xŠgzwZg]6,̂kƒD÷XÅW[0*æÏÐ§”{Zd»g1œ/µZŒqÝƒD÷Xl!YâgzVÐ Fat)

qÝƒCìX}æÔÍ“Ål!z){XZkÆ',Üs%m@*]ÐqÝƒD÷}ñ8-̂ÔÎc*ÎÔ»HÔ
**gsz){X

tZd»g1œ/µZŒkZzg»g0ÆDiî~ZÈiÆZ7ƒD÷XZyÅW[0*æÏÐ : (Wax) ñx
Zzg»g0ÅDiîzZáZÈi‘W÷Xtm@*]ÅR6,

+B©Šö
GEE

ÝsÆîg6,ñ�ŠƒD÷�7ŠzVÃFg-V Fatty Acid

ÆXD÷Zzg0*ãÆZyZ`Ã‡1~gnp÷XZy»ZEwiâöz4gÅZâY¯ä~Ô0*×¯ä~Zzg%ë¯ä
~ZzgŠvZâYÅ»g~~ZEwƒ@*ìX
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áî&+Å545å GFG
Hk: 4.2.2

Æ‚B‚BÃ`gu Glycrol Å545å GFG
HkÅW[0*æÏÐZd»g1̃´ZŒZzg ÃÉ̀45åGF

HkZzgÃ\N*àk:
)\A(X

É4h4-£4è
GGGGE~¬xîg6,0*zÔ Cephaline )

É4h4-£4è
GGGGE(Zzg Lecithin ZŒZzg**>zXc*CZÈiqÝƒD÷}

ZguÔZźZzgl´ZzgZg2ez7-F,Úñ�ŠƒD÷²\A~ZguÔZźÔ‡´ZzgZg2ez7-F,Úñ�ŠƒD
÷X¬xîg6,tŠârZzg¡Ÿ]~ñ�ŠƒD÷X

tZd»g1œ/´ZŒÔÃg̀guZŒZzgẐ©5½ð
EEY¯ZzgZÈiÆYÐ‘W : Sphingo lipids Ẑ©5½ð

EEYÅ545å GFG
Hk

÷XẐ©5½ð
EEYÉ45åGF

Hk6,z”Zzg0*àóZàÆ‚Bï™¡g3V6,™õÝsÆîg6,ñ�ŠƒD÷X

Ẑ©5½ð
EEY¯c*%ZwZzg»g1;àgf$qÝƒD Fatty acids †rÅ545å GFG

HÅW[0*æÏ™äÐ †rÅ545å GFG
H:

÷X}
µ5Ò5½3ð
Y

GGHÉ45åGF
HÔµ5Ò5½3ð

Y
GGHÅ545å GFG

HtŠârÆ$o-Bð
E

GEV~0*c*Y@*ìX

Z7Zàk: 4.2.3

{āñ�Šƒ@*ìXt¬xÅ545å GFG
HÐ!*ÇZƒD÷X®ZZy»_· Cyclopantanophenathrene Zy~
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e{)®)Æîg6,HY@*ìX}Ã«ZwX

Fatty acids %Zzgl!~ñ�Š¬x 4.3

ëgzi%{Åi0+Ï~³Z**]ÐqÝƒäzZàl!}æÔâÔÍ“Ål!z){ZzgmC%}ñ8-̂Ô

Å6,}ÔÎc*ÎÔÎg`íZzgZ©z){»%½Z~ZEw™D÷X%Zzgl!~0*ñYäzZá¬x»g1œ/´ZŒ

ZzgZy»ÚƒŠg`fs].zw~Šc*ŠHìX

Zz~¢4-ö
E

GHZŒk 4.4

Zz~¢4-ö
E

GHZŒktøg~½Z»Zëbì�øg}ŸÃHg„zÂZ**gppÆn¢zg~ìXtï~Š-Zg»Zq-ZëgÁ
ìZzgÂZ**ð»Zq-fg=XŠwÔµ}ÔpyÅSV)èc*âVZzgzgh+zV(ZzgŸÆŠÃ¦ÂxÃ9Z0+Zi~»x™ä~æŠ™@*

¢4-ö
E

GHZŒkt¯@*]ÆœVZzgñzV~ñ�ŠƒD÷X² 3 ZÖl„ZŒZzgŠvZz~ AL A ìX
(t¼ºmŠVÅn~0*ñYD÷X Docosahexanoic acid)DHA (Zzg Eicosapentanoic acid)EPA

ñ�Šƒ@*ìz{ DHA Zzg EPA TÆ%tŸ~ñ�ŠR,Zñ%ZàÆCwÃÁ™ä~æŠ™@*ìXTÆ%X~
Æ´`~ÌñW,ƒ@*ìXtÌŠ¬ŠHìāZz~ZŒzZá Rheumatoid arthritis �hzVÆŠgŠÃÁ™äZzg

ÆZEwÐW\VZzgŠâ©›zúY~Zë™ŠZgZŠZ DHA Z½c*]ÔZAZ$¨
Ð)42.ç

EE
GEH~ŠzZÇVÆZW,~ZŸ†™@*ìX”V~

™@*ìXZd-ā)é
G

ZzgŠvµzVÅ‚;~ÌZk»ZEw»g¤/ƒ@*ìX
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R,Z÷¢3ï
E

GH 4.5

(Hydrogenation (ì�¡ÆnµƒCìXmC%Æ;àgz»**) Fat R,Z÷¢3ï
E

GHt)§”{l!)
(Zzg4;àgz74545å EEGHGH%ƒD÷XtŠgCîg6, Semi Solid ÆŠzgZy4k̂l!»gƒCìXR,Z÷¢54ø

E
GHt4̂k)

Í“ZzgŠzŠ|~Ìñ�ŠƒD÷XR,Z÷¢3ï
E

GHtŸ~yZ[)µ(Ã«zw(,J@*ìZzgZiÃ«zwÃÁ™@*ìXT
Ð̄Fg~ÆZk**](,|YD÷XTÐâ�ZâV~ñ]ÌzZµƒ$ËìXµÃ«zwtÁÑÄzZáj6,z”

¹Y@*ì�èc*âVÃJZzgß¯Šï÷XÆÃ«zwtic*Š{ÑÄzZáj6,z”÷Z¹ LDL ƒD÷q

ÅlZg~ZŸ†Zzg LDL Ÿ~ñ�ŠÃ«zwÅiZZ+lZgÃn{~à@*ìXR,Z÷¢3ï
E

GH HDL Ì¹Y@*ìX HDL

ÅlZg~¶»:LáCìX HDL

%»;àgz7454jè EGEGIE)z
$h4-ö
E

FGâÅ»g~B%Ål!~p~( 4.6

%~)§”{%Zàñ�ŠƒD÷ÔXÆ;àgz7454jè EGEGIEÐz{§”{%Zà~psƒYD÷X
ŠJ]Åñ�ŠÏ~%ÃF,IŠc*Y@*ìX Nickel cðŠ!*î6, 2atm úyZzg 473 ;àgz7454jè EGEGIEÆn;àgzX’Ã

TÐ̂kl!qÝƒCìX

ZÐz$h4-ö
E

FGâÌ¹Y@*ìZzgeZ®ZÔæðgxÔgBz){̂gC**ñVÆ‚BœY@*ìX%Ðâ¯äÆ¿Ã%

Æàî»¿Ì¹Y@*ìX

%Zzgl!»‹tzf 4.7

Ô²zÛA‰8!h4¨Õä
GG

]»_·HY@*ìZzgZŒ Index %Zzgl!Æ‹tZzgfÆn$©�î
EG

0»îÔZ_Og~

®ŠÔÓ
$¨»4jè
EE

GIE®ŠÔW-e+®ŠÔgZe$4hÿ G®Šz){6ð!h4¨Õä
GG

]Åf™Æ%Zzgl!~ñ�Š%·]ÅF,IZzg

£ge$¥xÅYCìX

™µ®Š&� Saponification Value 4.8

ÆÎe*Zzg7N*ô#»gƒD÷ Fatty Acid %Zzgl!ÅW[0*æÏZÅ¹ÐöÅñ�ŠÏ~ÅYñÂZd

ª™0‚i~»¿¹Y@*ìXZk§i»ZEw Saponification Î™0Æîg6,ZEwHY@*ìX®ZZk¿Ã

**òx¥x™äÆnHY@*ìX Saponification Value ™µ®Šc*
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Zq-¤/Zx%c*l!Ãåîg6,™0~ps™änŠg»g7N*ô;àgz‚àÅB¤/Zx Ó
"3¨»4jè
EGEGIEÅ°p: 4.8.1

~lZgÃÓ
"3¨»4jè
EGEGIEz=ëìX

Ó
"3¨»4jè
EGEGIE®ŠB�ÅæŠÐZz‰‚@ziy»Ø¸ìXZ,%c*l!X»‚@ziyic*Š{ƒ@*ìÔZy»Ó

"3¨»4jè
EGEGIE®ŠÁ

638 ì²R,Zñßg"3ï JGH»‚@ziy 189 ìZzgZZk»Ó
"3¨»4jè
EGEGIE®Š 890 »‚@ziy Tristerin ƒ@*ìX}R,ZðZg+

ìXfs~¬xîg6,ñ�Š%Zzgl!ÆÓ$¨»4jè
EE

GIE®ŠŠØ‰÷X 263 ì»Ó
$¨»4jè
EE

GIE®Š

WÇe+� 4.9

%Zzgl!ÅìXÆ‚BF,I3äÅ&¢A»g1œ/´ZŒ~ñ�ŠŠzCÙ~ÈlÆgZ„Ú"$~ƒC
¤/Zx%c*l!ÆnŠg»gWÇe+Å¤/ZxlZgóó 100 ªCÙ™@*ìXLL e¤/~ ìXtZy~%Zzgl!Æ)§”ÏÅ

»²w)Wàze+³gZàÃZ$k5ë GHZŒ Wij WÇe+�BCìXWÇe+�ÅfÆnZÐ³gzÃgx~iHY@*ìZzg
~i™Æ(5c*Y@*ìXWÇe+³gZàÆ‚>VÅ®ZŠ%Zzgl!~ñ�Š»g0»g0ŠzCÙ~ÈlÅ®ZŠ6,«ƒC

ÅæŠÐÅYCìX Na2S2O3 Æ‚B¿™ÆWÇe+qÝHY@*ìXTÅf£g~ KI ìX†WÇe+³gZàÃ
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Šg`fs~Z%Zzgl!ÆWÇe+�ŠØ‰÷X

§»CÂx~R,Zñ%ZàÔj6,z”ZzgÃÅ̀545å GFG
HÔZgZàkÔ†rÅ545å GFG

HÅZÌ 4.10

R,Zñ%ZàtZK̈ãŸÃÂZ**ðàD÷XZÏÆ‚B‚BZy»Zë»xŸ~ÂZ**ð»fí{™**ZzgWÒ{z‰Ü~
KãÂZ**ðÅ¢zgÂVÃ7gZ™**ƒ@*ìXZ#øgZŸic*Š{ÂZ**ðqÝ™@*ìÂtúgm,R,Zñ%ZàÅ̂~ŸÆZ

”V~¦ƒD÷XR,Zñ%ZàtŸ]~ñ�ŠƒD÷ZzgŸÃZ#ÂZ**ðÅ¢zg]ƒCìÔ{mîgÐŠzz‰ÜÆ

3äÆŠgxyÆzM~ÂZ**ðàD÷Xøg}Ÿ~ñ�Š;gñyl!ŠZgŸ]Ã�xàD÷TÅzzÐ
R,Zñ%Zàtøg}ŸÆZEwÆn½ƒ@*ìXR,Zñ%Zàt¹ZëZdwZ�xŠï÷XZ¤/t:ƒVÂøg}Ÿ

%3ñ&4/õ F
J
GÃðÌ»x7™YpZyÅñ�ŠÏZq-uÐic*Š{̂zi™YñÂ);"2.ç JGFR,Zñ%Zà(tvyŠ{ƒD÷XZy

ÐÁƒÂ̄Z%Zn»}.Á̃ 150mg/deciliter %ZàÅlZg ÅzzÐ™z3,~WgR,~Fg~ƒCìXZK̈yÆŸ~R,Zñ

Ðic*Š{ƒä6,̄Z%Zn»}.˜(,|Y@*ìXR,Zñ%ZàÅlZgÃÁgppÆn½Z~ 200mg/deciliter ƒ@*ìX
§”{l!ŠZgZbZYÔR,Z÷¢3ï

E
GHZzgÃ«zw»ZEwÁHY**e’X]VZzg!-VÆic*Š{ZEwÐR,Zñ%ZàÅlZg

ÃŸ~Nzw~g3YYìX
îg Å545å GFG

HtZ½c*]»ZëbìTÐŸÃÂZ**ðqÝƒCìXÅ545å GFG
H~iƒäzZázN*ðZzg¢zg~¢4-ö

E
GHZŒtŠgC

÷X ƒäzZà½Z×]»zìXtŸÆ&Z”V~ªöi)ÔZi+<iAiÔc*§CGÅ̂~0*ñYD 6,ZEw

ÃÅ̀545å GFG
Hk:

‚ã÷X~)ª¢4-ö
E

GHZŒkuZzgŠzu~Y+$ªezw»zÃ‘Ô amphipathic Ã`É45åGF
Hk

»g™D÷Xj6,z”~ miscells ñ�ŠƒD÷XTÅ¯Y6,z{0*ã~ inositol Zzg choline ÔZ#-£45é GG
GEwZâíÔ serine
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è{‚i~Å&¢Aic*Š{ƒCìXTÅzzÐ½Z~ñ�Šl!ic*Š{_.[ƒCìZzgZk»;LZh§bƒ@*ìXt¹

Å»g~~•zZá Eicosanoids Zi;àgzR,z<-)W[g{:(ƒD÷XtÃ«zwÃ¦ƒäÐgzÈ÷X
ZŒ½™zZD÷Xj6,z”py~

&Ó45Ò54ø
FGHGH~ZŸ†~æŠ™@*ìXTÅzzÐpyÅZ+A)é

E
EŠ~&¢A arachidonic

~ZŸ†ƒ@*ìX

†rÅ545å GFG
Hk:

†rÅ545å GFG
Hkt¬xîg6,ŠârÆ

$o-
÷

E
GEÔŠârZzggl,|ÅA~ÆZ§Zsñ�ŠµZzgWg!ÏÆï~G~0*ñYD

÷Xt;gñyÆ−!--.ç GE+»zƒD÷XÛzãø»]Zzg;gñyÃï~GÆfg)qÝ™ä»bƒD÷XZzgt
Ù!{¤Ìgnp÷X

(Learning Outcomes) Zõ!}ò 4.11

ZkZ»ð~CYäÅ545å GFG
HkÅ)®)È~Æ!*g}~¥â]qÝÅX%Zzgl!~ñ�Š¬x¢4-ö

E
GHZŒkÔZz~¢4-ö

E
GH

ZŒkZzgR,Z÷¢3ï
E

GHÆ!*g}~Y**XZkÆ´z{%Å;àgz854jè EEGIEZzgl!Æ‹tzfÆ!*g}~Ì¥â]qÝÅX™µ

®ŠÔWÇe+�Zzg§»CÂx~ñ�ŠR,Zñ±ºÒlçZàÔj6,z9ZzgÃÉ̀45åGF
HÔZgZàkÔȪÉ45åGF

HÅZÌÆ!*g}~¥â]

qÝÅX

(Key Words) ã~ZÖp 4.12

Zd»g1¦/&ÓëGZŒZzg»g0ÅDiî~ZÈiÆZ7Ãñxë÷X ñx: .1

eZwZzg»g1;àgf$Ð“WzZá%·]X †ÖÅ545å GFG
H: .2

ì�ā¡ÆaµƒCìX (Fat) R,Z÷¢3ï
E

GH)§”{l! R,Z÷¢3ï
E

GH: .3

(Model Examination Questions) %:ZJãÎZÑ] 4.13

(Obejctive Answer Type Questions) czè�Z!*]ÆqïÎZÑ] (A)

9�Z[Å¶K0+„ÙX

É45åGF
Hk0*ã~‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰ƒD÷X .1

(Cc*7YY d) (4i5+k, c) )i5+k, (b) (i5+k, a)

(t¬xŠgzwZg]6,̂kƒD÷XÅW[0*æÏÐ‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰qÝƒD÷X Fat l!) .2

()§”{Zd»g1œ/µZŒ b) §”{Zd»g1œ/µZŒ (a)

(Z7k d) (Zâ"ZŒ c)
É4h4-£4è

GGGGE~¬xîg6,‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰F,Úñ�ŠƒD÷X .3

tÓx (d) (Zg2ez7- c) (ZźZzgl´ b) (0*zÔZgu a)
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µ5Ò5½3ð
Y

GGHÅ545å GFG
Ht‰‰‰‰‰‰‰‰‰‰‰‰‰Å$o-Bð

E
GEV~0*c*Y@*ìX .4

Šâr (d) (µ} c) (¤/Š} b) (Šw a)

R,Z÷¢54ø
E

GH‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰%ƒD÷X .5

(âùZzg4;àgz74545å EEGHGH b) 4̂kZzg4;àgz74545å EEGHGH (a)

(’Zzg4;àgz74545å EEGHGH d) (4̂kZzg445Ò3ð XGG74545å EGEGHH c)

%~)§”{%Zàñ�ŠƒD÷ÔXÆ‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰Ðz{§”{%Zà~psƒYD÷X .6

;àgz7454jè EGEGIE (d) (;[+gc c) (',z$454jè GEGIE b) (³g"54jè GEGIE a)

‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰tŸ~yZ[)µ(Ã«zw(,J@*ìZzgZiÃ«zwÃÁ™@*ìXTÐ̄Fg~ÆZk**](,| .7

YD÷X
(Ẑ©5½ð

EEYÅ545å GFG
Hk d) (†rÅ545å GFG

H
c) (ZgZà b) R,Z÷¢3ï

E
GH (a)

Zq-¤/Zx%c*l!Ãåîg6,™0~ps™änŠg»g‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰ÅB¤/Zx~lZgÃÓ
"3¨»4jè
EGEGIEz=ëìX .8

(Îe*;àgz‚à d) (y;àgz‚à c) 7N*ô;àgz‚à (b) (Û*;àgz‚à a)

»‚@ziy‰‰‰‰‰‰‰‰‰‰‰‰ìZzgZZk»Ó
"3¨»4jè
EGEGIE®Š‰‰‰‰‰‰‰ìX Tristerin R,ZðZg+ .9

89Ô80 (d) 189Ô890 (c) 18Ô89 (b) 890Ô189 (a)

¤/Zx%c*l!ÆnŠg»gWÇe+Å¤/ZxlZgóó‰‰‰‰‰‰‰‰‰‰BCìX 100 LL .10

(WÇe+‚ d) (¤/Zx� c) WÇe+� (b) (WÇe+¤/Zx a)

(Short Answer Type Questions) ¿�Z!*]ÆqïÎZÑ] (B)

SzV~ÉÀŸ/õGX 10 fsÆCÙÎZw»�Z[
Å545å GFG

HkÅ°p¿ÒyÙX .1

%»;àgz7454jè EGEGIE)z
$h4-ö
E

FGâÅ»g~(ì¬ïÉÀŸ/õGX .2

(¯�X structure †rÅ545å GFG
H»{ā) .3

Z7Zàk£ë÷?VwŠØX .4

(6,âÉ̂ÀŸ/õGX Wax ñx) .5

ÃÉ̀45åGF
HkZzgÃ\N*àkÅ°pÉÀŸ/õGX .6

R,Z÷¢3ï
E

GHHì?ZK̈ã¡6,ZkÆZW,Z]ÃzZãÙX .7

%Zzgl!»‹tzfHì? .8
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(Long Answer Type Questions) îs�Z!*]ÆqïÎZÑ] (C)

SzV~ÉÀŸ/õGX 30 fsÆCÙÎZw»�Z[
Å545å GFG

HkÅ)®)È~6,×âÉ̂ÀŸ/õGX .1

™µ®Š6,VßVÆ‚BgzÝeZaX Saponification Value .2

WÇe+�Å°pÒyÙXVßVÆfg)zZãÙX .3

Å,].zwÅæŠÐzZãÙX Fatty acids Z³ZãZzg¯C%Zzgl!~ñ�Š¬x .4

§»CÂx~R,Zñ%ZàÔj6,z”ZzgÃÅ̀545å GFG
HÔZgZàkÔ†rÅ545å GFG

HÅZÌ6,×âÉ̂ÀŸ/õGX .5

(Suggested Books for Further Readings) '×h+_¬Æa?m,™Š{ÂÁ 4.14

1.  Advanced Organic Chemistry by Bahl and Bahl.

2.  Advanced Chemistry by Dr. Mazhar Farooqui.

3.  Organic Chemistry by Jonathan Clada.

4.  Organic Chemistry by RT Morrison and R.N. Boyd

5.  Organic Chemistry Volume I &II by I. L. Finar
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:RZzg&»43§ö
GI

G
E

0*Ê-,çG 5 Z»ð
(Addition and Condensation Polymers)

ā 5.0

£œ 5.1

fgZùÅ¯Y6,0*Ê-,çGÅŠgzÈ~ 5.2

ŠgC0*Ê-,çG 5.2.1

4@*d0*Ê-,çG 5.2.2

@*d0*Ê-,çG 5.2.3

0*Ê-,çGÅÎ‚ÓC¸ÂVÅ¯Y6,ŠgzÈ~ 5.3
!h4©-+ö

GG
G0*Ê-,çG 5.3.1

÷ácŠZg0*Ê-,çG 5.3.2

0*Ê-,çGÅÎ‚ÓC¸ÂVÅ¯Y6,ŠgzÈ~ 5.4

SÑ:% 5.4.1

Ã$k&g8 5.4.2

êñö80*Ê-,çG 5.4.3

êñµö80*Ê-,çG 5.4.4

0*Ê-,çG‚i~Æ§iÅ¯Y6,ŠgzÈ~ 5.5

R0*Ê-,çG‚i~ 5.5.1

&»43§ö
GI

G
E

0*Ê-,çG‚i~ 5.5.2

R0*Ê-,çG‚i~Å}+Mc*}4,x 5.6

WiZŠZuÒ0îG}4,x 5.6.1

™7-R0*Ê-,çG‚i~ 5.6.2

ZŠ7-R0*Ê-,çG‚i~ 5.6.3

0*Ê-,çG‚i~ Ziegler-Natta ÃgWge~V0*Ê-,çG‚i~$45Òð GH¯6,FF0*Ê-,çG‚i~c* 5.7

Zõ!}ò 5.8

ã~ZÖp 5.9

%:ZJãÎZÑ] 5.10
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czè�Z!*]ÆqïÎZÑ] (A)

¿�Z!*]ÆqïÎZÑ] (B)

îs�Z!*]ÆqïÎZÑ] (C)

'×h+_¬Æa?m,™Š{ÂÁ 5.11

(Preface) ā 5.0

ªZ»ðc*zÐ%1oìX0*Ê-,çGZq-(,Z‚?ìTÅ‚ÓC mer p¹‚g}Zzg Poly 0*Ê-,çGŠz-**ãZÖp
Ì¹Y@*ì�!*g!*gŠCÙZðYä (Macro Molecule) Z»ðƒCìXZ7¯V‚? 10000000 Ð1000 S

zZà‚!Z»ÇVÆ(,}eä6,Zq-Šzu}Æ‚BaäÐqÝƒD÷XŠCÙZðYäzZà‚!Z»×Vñâ%BC
÷�‚Š{Zzg¬ï5+k,‚Ó]6,FFƒC÷Xñâ%Zq-Šzu}Æ‚Bë¤/ÄÈlÐa}ƒD÷X0*Ê-,çGÆZEw
~gzi%{Åi0+ÏÃW‚yZzgg3¯Šc*ìXö8Å!*¤8VÔ”Ô”VÆ[äÔ²Ô@*dg8�ÀzVÔÇh-VÆN*],Ô
−Ô0VÆÀ6,i}Ôg8-zgzµz){ägzi%{Åi0+ÏZzgQŠ*~Zz[ÑŠc*ìXñâ%Ð0*Ê-,çG¯ä»§i

Å¯Y6,Šg`fs~ÅYCìX Source (B@*ìX0*Ê-,çGÅŠgzÈ~ÔZyÆ Polymerisation 0*Ê-,çG‚i~)

(Aims) £œ 5.1

Å¯Y6,ŠgzÈ~Zzg0*Ê-,çG ((Intermolecular Forces) CYÃ‚|#Å¯Y6,0*Ê-,çGÅŠgzÈ~ÔÎ‚ÓC¸ÂV
(Addit ional Æ§iÅ¯Y6,ŠgzÈ~6,«¥â]�ÛZë™**XR0*Ê-,çG‚i~ (Polymer is at ion) ‚i~

R0*Ê-,çG anionic Zzg Cationic Ô(Free Radical Mechanism) Å}+MÔWiZŠZuÒ0îG}4,x Polymerisation)

0*Ê-,çG‚i~ Ziegler-Natta 6,FF0*Ê-,çG‚i~c* (Metaloscene) $45Òð GH¯ Coordination Polymerisation ‚i~Zzg
Ð0CYÃ¥â]~ZŸ†™**X

fgZùÅ¯Y6,0*Ê-,çGÅŠgzÈ~ 5.2

ŠgC0*Ê-,çG: 5.2.1

t0*Ê-,çG7ŠzVZzgYâgzV~0*ñYD÷X}6,z”Ô_5Ò3ð GGßiÔ¶K3Ôg',z){ZyÅVB÷X
4@*d0*Ê-,çG: 5.2.2

Z,0*Ê-,çG�ŠgCîg6,0*ñYäzZá0*Ê-,çG~6ð¿Æfg)p~Ñ™qÝGYD÷Z74@*d
t_5Ò3ð GGßi**ò (Cellulose Nitrate) Zzg_5Ò3ð GGßi**>f$ (Cellulose Acetate) 0*Ê-,çGë÷X}gc*yÔ_5Ò3ð GGßiZ_543ï GHGH

ŠgC0*Ê-,çGÐ¯ñYD÷X
@*d0*Ê-,çG: 5.2.3

Ô6 t0*Ê-,çGåîg6,§8gñ~Zzg»g{âV~¯ñYD÷XZ7¡¦0*Ê-,çGÌ¹Y@*ìX}ö8Ô**^y
z){@*d0*Ê-,çG÷X Buna-SÔ66 **^y

0*Ê-,çGÃZyÅ‚|#ÔÎ‚ÓC¸]Zzg0*Ê-,çG‚i~Æ§iÅãCŠ6,ŠgzÈHY@*ìX
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0*Ê-,çGÅÎ‚ÓC¸ÂVÅ¯Y6,ŠgzÈ~ 5.3

Crossed (Zzg Branched Polymer (Ô÷ácŠZg0*Ê-,çG) Linear Polymer 0*Ê-,çGÃ&)oVÔ
!h4©-+ö

GG
G0*Ê-,çG)

~„HŠHìX linked Polymer  
!h4©-+ö

GG
G0*Ê-,çG: 5.3.1

Zk§bÆ0*Ê-,çG~ñâ%Z»×VZq-Šzu}Æ‚Ba™Zq-Diî¯CìXZkiî6,ËÌ§bÅÃð÷ác
Æ‚?W:~YÐáCìX ethylene (c*¤/z\ñ�Š7ƒ@*X}0*à

(£4è
G

GEÔ� Branch )

: ÷ácŠZg0*Ê-,çG 5.3.2

c*"F,v�Ð alternate Zk§bÆ0*Ê-,çG~iî~u6,÷áññ�ŠƒC÷Xt÷áñiîÆZq-Y+$c*
~„HY@*ìX Atactic ÔSyndiotactic ÔIsotactic a}ƒD÷XZ7'×h+

Zy~‚àuª÷ác0*Ê-,çGuÅËZq-Y+$ñ�ŠƒCìXZkÃŠg`fŝ~Š3c*ŠHìX 0*Ê-,çG: Isotactic

÷áññ�ŠƒC÷X alternate Zk§bÆ0*Ê-,çG~0*Ê-,çGiîÅRÆŠzY+$Ð!*nKM 0*Ê-,çG: Syndiotactic

�qgzfŝÐzZãƒ@*ìX

Zk§bÆ0*Ê-,çG~u6,ñ�Š÷áñ)F,v�ÆiîÆŠzY+$ñ�ŠƒC÷X} 0*Ê-,çG: atactic

Zk§bÆ0*Ê-,çG~Šzc*iZZ+0*Ê-,çGiî,Zq-Šzu}Æ‚BËÈÙ�hÐa~ƒC : Cross linked Polymer

÷XTÃnŠ~ˆ̂~zZãHŠHìX
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0*Ê-,çGÅÎ‚ÓC¸ÂVÅ¯Y6,ŠgzÈ~ 5.4

ìX Î‚ÓC¸ÂVÅ¯Y6,0*Ê-,çGÃeg)oV~„HY@*
: (Elastomer) SÑ:% 5.4.1

Æfg)Zq- (Vander Waal Forces) tEZg0*Ê-,çGƒD÷ÔX~0*Ê-,çGiî,$zgzyegzZw¸ÂV
ÔNeoprene Šzu}Ða~ƒCìXZyÅ‚|#%̈!úƒCìXZ7Zq-Z48-Å§b5YYìX}

z){X Buna-NÔBuna-S

Ã$k&g8: 5.4.2

(Tensile Strength) t̂kg3VÅ̂~ƒD÷X~Î‚ÓC¸]̧~ƒCìXZyÅ"54hé HGEb¸]
Ôz){X Dacron ÔenZy 66 **^y  Ìic*Š{ƒCìX}

êñö80*Ê-,çG: 5.4.3

Zy0*Ê-,çGzV~Î‚ÓC¸]SÑ:%Ð̧~ƒCìpg3VÆ/Ú$zgƒCìXZy~¬xîg6,é
z){X PVC Ôpolythene iîñ�ŠƒCìXZ7Zq-̂ÐŠzu~̂~psHYYìX}

êñµö80*Ê-,çG: 5.4.4

Cross linkage uÆŠgxy Zy0*Ê-,çG~Î‚ÓC¸'SÑ:%Ð̧~ƒC÷XZk§bÆ0*Ê-,çG~Šzñâ%
Zzg) infusable ~6ðp~zZµƒCìZzgZ7QZ™ä6,J Cross linkage ñ�Šƒ@*ìXZ7¤/x™ä6,

z){X resin ÔBakelite Ômelamine (7YYX} remould i5+k,%“qÝƒ@*ìXZ7Šz!*g{eJÑ)

0*Ê-,çG‚i~Æ§iÅ¯Y6,ŠgzÈ~ 5.5

: (Addition Polymerisation) R0*Ê-,çG‚i~ 5.5.1

Zk§bÅ0*Ê-,çG~‚i~Æ§j~7Vc*Zñâ%Z»×VX~ŠzCÙ~Èlñ�ŠƒÔM®ZŠ~Zq-
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z){X propylene Ôvinyl chloride Ôethylene Šzu}Æ‚Ba™Diî»g™D÷X}

: (Condensation Polymerisation)
&»43§ö
GI

G
E

0*Ê-,çG‚i~ 5.5.2

 Zk§bÅ0*Ê-,çG‚i~~ñâ%Z»×VZq-Šzu}Æ‚B&»43§ö
GI

G
E

¿™D÷ZzgZkŠzgZygLgL‚ã}

z){´u{ƒD÷X&»43§ö
GI

G
E

¿~zhezZáñâ%~Šzc*ZkÐic*Š{·Z¤/z\ CH3OH ÔCO2 ÔNH3 ÔH2O

ñ�ŠƒD÷X

z){ZyÆŠzñâ%ÆŠgxZyñ�Š�h Resins Ôpolyamides Ôpolyester &»43§ö
GI

G
E

0*Ê-,çG‚i~Å'×h+ŠgzÈ~
)·Z¤/z\(Å¯Y6,ÅYCìX

R0*Ê-,çG‚i~Å}+Mc*}4,x 5.6

ZÐiîú0*Ê-,çG‚i~Ì¹Y@*ìXT~)§”{**xC%·]Zq-Šzu}Æ‚Ba™iî~0*Ê-,çG»g™D

÷Xt¿&§hVÐZ�x0*@*ìX

WiZŠZuÒ0îG}4,x 5.6.1

Zk§bÅ%~WiZŠZuÒ0îG»gƒD÷�0*Ê-,çGiîÃ6,zZymJD÷XZk~Z9c*Šv!i‹©ð
IGVÅ0*Ê-,çG‚i~

‰%·]�WiZŠZuÒ0îGÆZ’ZY»g÷ÔÅñ�ŠÏ~ƒC tert butyl peroxide \ZL6,W‚àÔZ$h45é GGHb6,W‚àÔ
ìXZk¿~&%µƒD÷X
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ÆWö{Ã¤/xHY@*ìc*gzÝ~g3Y@*ìXTÐ6,W‚à Ethene :Zk%³ÆŠzgZy6,W‚àZzg  iîÅZ’Z
Æ‚B¬ïÐ6WiZŠZuÒ0îG»g™@*ìX Ethene »gƒ@*ì� Free radical ÐWiZŠZuÒ0îG

ÐqÝƒäzZÑWiZŠZuÒ0îGÔ ethene Zk%³ÆŠzgZy : (Chain Propagation Step) iîZ÷á�%³
ÆZŒ‚ãÆ‚B¬ï™@* ethene ÆŠzu}‚ãÆ‚B¬ï™@*ìZzgZq-*(,ZWiZŠZuÒ0îG¯@*ì� ethene 

ìXt!*g!*gŠCÙZc*Y@*ìXZk§bÆ%µÃiîZ÷á¦%³¹Y@*ìX

Šg`!*Ñ%µ~»gDiî~ZuÒ0îG!*syZq-%³~“WzZáZuÒ0îGâ°Šzu}ZuÒ0îGÐ¬ï™@* : iîZ!ò%³
ìZzgDiî»Z!x™@*ìX

R0*Ê-,çG‚i~ Cationic 5.6.2

BF3 Ô AlCl3 (}ì!Z[ÔËguZŒc*Å3ðGLkÆ!Z[} Protic acid t¬ï¬xîg6,6,zIyiZ!Z[)
z){Åñ�ŠÏ~R0*Ê-,çG‚i~»¿™D÷Xt¿&%ÖV~ƒ@*ìX

»g™@*ìX Carbocation Æ‚B¿™Æ alkene Zk%³~!Z[ÐqÝƒäzZÑ6,zIy iîZ’Zð%³:

Zk%³~Zz6,qÝƒäzZÑ»g1É+ZÉ»4è>EÆŠzu}‚ãÆ‚B¿™ÆZq-(,ZW+»g™@*ìÔ Z÷á�%³:
Qz{ÂZF,Ã!*g!*gŠCÙZ™Zq-Diî~W+»g™@*ìÔTÆWy~u}6,µ!*gŠZg�CÙñ�Šƒ@*ìX

Zk%µ~Šg`!*Ñiî~W+~Ð6,zIy»ZyZ`ƒ@*ìXTÐZ!ò»g0ŠzCÙ~Èl»g™@* iî»Z!ò¿:
ìZzg0*Ê-,çG‚i~»¿guY@*ìX
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R0*Ê-,çG‚i~ anionic 5.6.3

 (Åñ�ŠÏ~ƒ@*ìXT~Z‚kÐÓÏ¬ï»»x™@*ìXZk~ZEwƒäzZá Base t¿Z‚k)
ƒD÷Xt¿Ì&%ÖV~ƒ@*ìÔT~Z‚kt n-butyl lithium c*Lithium amide ¬xîg6, Base

EèÃbÆîg6,»x™@*ìZzgZ9Æ‚B¿™@*ìX

ÃÀŠêìX carbanion Z‚ktEèÃbÆîg6,ZÉ»4è>E6,úWzgƒ@*ìZzgZq-6 iîZ’Zð%³:

carbanion Šzu}ZÉ»4è>E‚ãÆ‚B¬ï™ÆZq-*(,Z carbanion ¬%µ~qÝƒäzZÑ Z÷á�%³:
»g™@*ìX carbanion »g™@*ìZk§bz{ÂZF,~¬ï™ÆZq-Diî~

H+ Æ‚BF,IŠc*Y@*ìXÂz{ protonic acid ÃË carbanion Zk%³~Diî~ iî»Z!ò%³:
qÝ™ÆZq-5w‚?~psƒ@*ìX
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0*Ê-,çG‚i~ Ziegler-Natta $45Òð GH¯6,FF0*Ê-,çG‚i~c* Coordination Polymerisation 5.7

(Titanium ÓÏ¬ïZq-k̂ÓÏ¬ïìT~ˆg~KÆ³gZà}"5é HLH4³gZà Ziegler-Natta

z){Åñ�ŠÏ~ZEwHY@*ìXZk»ZEwR Heptane ZzgZÇZß
!54-ê GEG»Wö{ìX�)¬ï…} Chloride)

ÓÏ¬ïÆîg6, Ziegler-Natta  cZEwHY@*ìXX~ Addition Polymerisation 0*Ê-,çG‚i~ª

(Æ“WÐWÐ(,kìXZk0*Ê-,çG‚i~~é0*Ê-,çG»gƒD÷X Free Radical ZEwHY@*ìz{¿WiZŠZuÒ0îG)

R¿ Cis °œ 100 ÅæŠÐ0*Ê-,çG~ps™äÐ Zieglar-Natta (Ã isoprene)2-methylbuta1,3diene 

**ò0*Ê-,çGqÝƒ@*ì�ŠgCîg6,0*ñYäzZág',Æ̃zìXZk¬ïÅ}+M» 1,4polyisoprene ƒ@*ìZzg
Å0*ñÈÙæZgd Ethylene Ða@*ìX Titanium ÈlÅæŠÐ piÔEthylene _·™äÐØ¸ìā

ŠzâV Ethylene Zzg Ethyl ™@*ìXZŒ%µ~ (Overlapping) æZgaVÆ‚B',7Ù d Æ{à Titanium 

¤/z\ n-butyl ŠZ4ƒY@*ìXTÐ Ethylene ÆŠgxy Ethyl Zzg Titanium ŠJ]Ða}ƒD÷XQ

ZzgŠJ] n-butyl »*‚?ŠJ]Ða@*ìZzgQz{ Ethylene qÝƒ@*ì�āŠJ]ÐaZƒ@*ìXZŒ%µ~

0*Ê-,çGqÝƒ@*ìX stereospecific ÆŠgxyŠZ4ƒY@*ìXZk§b
qÝƒ@*ì�ā HDPE ÔPolyethelene Zk¿ÅS¤~ÐZq-tÌìāZyÐic*Š{ÑÄzZá

e¤/~ 150Ð144 ƒ@*ìXZy»$©�î EG0»î (g/cc) ¤/Zx6,ÏÏ 0.965  ‚ZzgÑÄ 90 é0*Ê-,çGìTÅ¡Ð.3ï
G

GG
_5Òh4ø GGÆŠgxyƒ@*ìX

(Learning Outcomes) Zõ!}ò 5.8

ZkZ»ð~CYä0*Ê-,çGÅZŠgzÈ~Æ§hVÆ!*g}~¥â]qÝÅX'×h+R0*Ê-,çG‚i~Å}+MÔWiZŠZuÒ0îGÔ

Æfg) Co-ordination Polymerisat ion 0*Ê-,çG‚i~Æ!*g}~Y**XZkÆ´z{ anionic Zzg Cationic

0*Ê-,çG‚i~Æ!*g}~¥â]qÝÅX Ziegler-Natta

(Key Words) ã~ZÖp 5.9

EZg0*Ê-,çGÃSÑ:%ë÷X SÑ:%: .1

Zq-Üc*Zñâ%Z»×VW:~Zq-Šzu}Ða™Diî¯D÷óR0*Ê-,çGBD÷X R0*Ê-,çG‚i~: .2

ÓÏ¬ïë÷X Ziegler-Natta ÓÏ¬ï:&45é HGH4³gZàZzgZÇZß
!54-ê GEGÆWö{Ã Ziegler-Natta .3

(Model Examination Questions) %:ZJãÎZÑ] 5.10

(Obejctive Answer Type Questions) czè�Z!*]ÆqïÎZÑ] (A)

9�Z[Å¶K0+„ÙX

 Z,0*Ê-,çG�ŠgCîg6,0*ñYäzZá0*Ê-,çG~6ð¿Æfg)p~Ñ™qÝGYD÷Z7‰‰‰‰‰‰‰‰‰‰‰‰ .1
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ë÷X
(ñâ% d) (@*d0*Ê-,çG c) (4@*d0*Ê-,çG b) (ŠgC0*Ê-,çG a)

¾nÆ0*Ê-,çG÷X Buna-S Zzg 66 Ô**^y 6 **^y .2

(@*d0*Ê-,çG d) (4@*d0*Ê-,çG c) (ñâ% b) (ŠgC0*Ê-,çG a)

÷áññ�ŠƒC÷X alternate ‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰0*Ê-,çG~0*Ê-,çGiîÅRÆŠzY+$Ð!*nKM .3

(Zyƒ~ d) Atactic (c)  Syndiotactic (b) Isotactic (a)

Î‚ÓC¸ÂVÅ¯Y6,0*Ê-,çGÃX)oV~„HY@*ìX .4

(eg d) (& c) (Šz b) (Zq- a)

ÁÅVB÷X PVC Zzg polythene .5

(êñµö80*Ê-,çG d) (SÑ:% c) (Ã$kBg8 b) (êñö80*Ê-,çG a)

&»43§ö
GI

G
E

¿~zhezZáñâ%~‰‰‰‰‰‰‰‰‰‰‰·Z¤/z\ñ�ŠƒD÷X .6

(Zq-c*ZkÐic*Š{ d) (Šzc*ZkÐic*Š{ c) (Šz b) (Zq- a)

Æ‚B¿™Æ alkene R0*Ê-,çG‚i~~ÆZ’Zð%³~!Z[ÐqÝƒäzZÑ6,zIy cationic .7

‰‰‰‰‰‰‰‰‰‰‰‰‰‰»g™@*ìX
Carbocation (d) Carbanion (c) Free radical (b) Carbene (a)

R0*Ê-,çG‚i~»¬ï‰‰‰‰‰‰‰‰Åñ�ŠÏ~ƒ@*ìX anionic .8

Lewis acid (d) Perxoide (c) Acid (b) Base (a)

(ñ�ŠƒCìX metal ÓÏ¬ï~Ã́ŠJ]) Ziegler-Natta .9

(Cs) (©* d) (Cr) (™zç c) (Ti) ("5é HH4 b) (V) (zo* a)

0*Ê-,çGqÝƒ@*ìX 0*Ê-,çG‚i~ÅæŠÐ‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰  Ziegler-Natta .10

Stereoselective (b) Stereospecific (a)

Chemeoselective (d) Rigioselective (c)

(Short Answer Type Questions) ¿�Z!*]ÆqïÎZÑ] (B)

SzV~É
ÀŸ/õGX 10 fsÆCÙÎZw»�Z[

‚|#Å¯Y6,0*Ê-,çGÅŠgzÈ~6,âÉ̂ÀŸ/õGX .1
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0*Ê-,çGÅÕÿ¯�X Atactic Zzg  Syndiotactic ÔIsotactic .2

0*Ê-,çG6,âÉ̂ÀŸ/õGX Cross Linked .3

êñµö80*Ê-,çG»{ā¯�X .4

RZzg&»43§ö
GI

G
E

0*Ê-,çG‚i~Å°pìVwÉÀŸ/õGX .5

0*Ê-,çG‚i~6,âÉ̂ÀŸ/õGX Anionic .6

0*Ê-,çG‚i~Æ}4,xÅzŸs#ÙX Cationic .7

(Long Answer Type Questions) îs�Z!*]ÆqïÎZÑ] (C)

SzV~É
ÀŸ/õGX 30 fsÆCÙÎZw»�Z[

Å¯Y6,gŠgzÈ~6,âÉ̂ÀŸ/õGX Source 0*Ê-,çGÅ°pÔZEÑ]Zzg .1

0*Ê-,çGÅÎ‚ÓC¸ÂVÅ¯Y6,ùŠgzÈ~ƒCì?$©3}Ðö
GE

GâÉ̂ÀŸ/õGX .2

R0*Ê-,çG‚i~ÆWiZŠZuÒ0îG}4,x6,¬5]ÅæŠÐgzÝeZaX .3

0*Ê-,çG‚i~6,-âÉ̂ÀŸ/õGX Ziegler-Natta .4

(Suggested Books for Further Readings) '×h+_¬Æa?m,™Š{ÂÁ 5.11

1.  Advanced Organic Chemistry by Bahl and Bahl.

2.  Advanced Chemistry by Dr. Mazhar Farooqui.

3.  Organic Chemistry by Jonathan Clada.

4.  Organic Chemistry by RT Morrison and R.N. Boyd

5.  Organic Chemistry Volume I &II by I. L. Finar
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:ö8 6 Z»ð
(Plastics)

Z»ðÆZbZ
ā 6.0

£œ 6.1

ö8Å9 6.2

êñö8Zzgêñµ~�Ût 6.3

êñµö_5½ø
H

6.4

Å»g~ÔpZmzZEÑ] Bakelite Resin 6.4.1

~âíÅ»g~ÔpZmzZEÑ] 6.4.2

0*à-g
#-£4è
GG

GEÅ»g~ÔpZmzZEÑ] 6.4.3

êñö8gD 6.5

Å»g~ÔpZmzZEÑ] PVC 6.5.1

0*àZ
#-Ÿ5Ó4è
GGGGEc*0*à

(£4è
G

GEÅ»g~ÔpZmzZEÑ] 6.5.2

0*àZg+Å»g~ÔpZmzZEÑ] 6.5.3

0*à
$4-£ÿ GG$4-£é GGZnáÅ»g~ÔpZmzZEÑ] 6.5.4

Îß×0*Ê-,çGÅ»g~ÔpZmzZEÑ] 6.5.5

"3¨Õä
HGEyÅ»g~ÔpZmzZEÑ] 6.5.6

Zõ!}ò 6.6

ã~ZÖp 6.7

%:ZJãÎZÑ] 6.8

czè�Z!*]ÆqïÎZÑ] (A)

¿�Z!*]ÆqïÎZÑ] (B)

îs�Z!*]ÆqïÎZÑ] (C)

'×h+_¬Æa?m,™Š{ÂÁ 6.9
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(Preface) ā 3.0

ÐiZZ+ñâ%Z»×Vñ�ŠƒC÷Ô&e¤/~Ws0*Ê-,çGZ,̂cÐªCÙHY@*ìXZy~ñâ% 100 Zd0*Ê-,çG~

c*ZkÐiZZ+Ìƒ$ËìX�Zq-Šzu}Æ‚BPˆŠv}W:~Zq-Šzu}Ða} 1000Ô100 Z»ÇVÅ®ZŠ

ƒD÷XZd0*Ê-,çG»‚@ziyic*Š{ƒ@*ìX�ŠgCîg6,Zzg6ðîg6,qÝƒD÷Xgzi%{Åi0+ÏZzgØV~Zy»

(Mould ZEwM®ZŠ~ƒ@*ìXö8tZd0*Ê-,çGÅZq-nìq¤/x™Æc*Š!*îÅqª~ZqzV~ps)

HYYìX¬xîg6,tµ¦îg6,»gKYD÷ZknZ7@*dgm,yÌ¹Y@*ìXö8ÅZq-nT~é

(XZy~iîzV6,÷áñÌñ�Šƒ$Ë÷X} Polyvinylacetate) PVA iî~0*Ê-,çGñ�ŠƒD÷X}

Phenol ÔUrea formaldehyde XZÏ§bö8t™Zk„0*Ê-,çGÌƒD÷X} Polyethylene

z){XZy~iî,ÐV¥V~#ƒðƒC÷XTÅzzÐtJZzg¢oƒD÷X formaldehyde resin 

(Aims) £œ 3.1

CYÃö8»¬gs™zZ**ZzgZkÅ9e**Xêñö8Zzgêñµ~�Ût'Xêñµö_5½ø
H

Zzgêñö8gDZzgZyÆZlxÅ¥â]�ÛZë™**X

ö8Å9 6.2

ö8ÃŠz)oV~„HY@*ìX)1(êñµö8Zzg)2(êñö8

êñµö8 6.2.1

Zk§bÆö8~»g~ÆWy~%³~¤/â™JZzĝk¯c*Y@*ìXÂZk§bÆ0*Ê-,çGÃêñ;ge8-c*

îg6,J¯c*Y@*ìXZy~™Zk„ƒäÐ&Ò,Mzgu Irreversible êñµ0*Ê-,çG¹Y@*ìXêñµ0*Ê-,çG

ƒD÷Xt0*Ê-,çG¬xîg6, brittle »gƒ@*ìXêñµgm,÷¬xîg6,JZzg¢oƒD÷Zzgêñö8Æ£«
&»43§ö
GI

G
E

¿ÐqÝƒD÷X}"5½5Õä EGGV$ÔZ<Ëö_5½ø
H

Ô_5Ò5½ð GGyz){êñµö8ÅVB÷X

  êñö8 6.2.2

êñö8c*gm,yÃ¤/x™ä6,z{3,xƒYC÷ZzguŠ™ä6,ZKZÝ̂~zZ:WYC÷XŠgzwZg]~p~
Ñ™Z73,xZzgJ¯c*YYìX!*g!*gZ¹¤/xZzgQZ™äÆ!*z�ŠZyÅS:]~p~zZµ7ƒCX¬xîg6,t3,x

~ÐŠz!*g{qÝHYYìXêñö8¬xîg6,R0*Ê-,çG‚i~ÐqÝ waste ƒD÷XZ7 Brittle $zgZzgÁ

ƒD÷X}0*àZ
#-Ÿ5Ó4è
GGGGEÔ**�yÔ0*àZg+z){X
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êñö8Zzgêñµ~�Ût 6.3

êñµ êñö8
t¬xîg6,&»43§ö

GI
G
E
0*Ê-,çG‚i~ÐqÝƒD÷X t¬xîg6,R0*Ê-,çG‚i~ÐqÝƒD÷X

t™Z÷Å5»å EH0*Ê-,çGƒD÷X tDéiîzZá0*Ê-,çGƒD÷X

©àŠgzwZg]6,t3,x7ƒDX ©àŠgzwZg]6,t3,xƒYD÷X

Z¹Šz!*g{ZÝ̂~qÝ7HYYìX**„Z7

Šz!*g{ZEwHYYìX
¤/x™ÆZ¹3,xHYYìÔ6,Zã^~

Šz!*g{qÝHYYìZzgZ¹Šz!*g{ÌZEw

Æ‡.Þ¯c*YYìX
ƒD÷X Brittle ¬xîg6,tJÔ¢oZzgic*Š{ ƒD÷X Brittle ¬xîg6,t$zgÔ3,xZzgÁ

Z¹Šz!*g{qÝ7HYYX ÐŠz!*g{qÝHYYìX waste Z¹

t¬xîg6,**xC…~)i5+k,ìX Z¹**xC…~iHYYìX

êñµö_5½ø
H

6.4

ö8Å»g~ZzgZyÆZEÑ]:

: Phenol Formaldehyde Resin ÔBakelite Resin 6.4.1

Ã p h e n o l têñµ0*Ê-,çGì&
&»43§ö
GI

G
E

0*Ê-,çG‚i~ÐqÝHY@*ìX"5½5Õä EGGV$Å»g~ÆŠzgZy

»gƒD parahydroxy benzyl alcohol Zzg ortho Æ‚BZÅ¹ÐöÅñ�Š~¤/xHY@*ìXTÐ formaldehyde

g8-ÆŠgxy
$4-Ÿ5Ó4è
GGGGE&ÿFN¯D÷X phenyl ÷�W:~¿™ÆŠz
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"5½5Õä EGGV$ÆpZm:
tJZzg¢oƒD÷X ●

ƒD÷X water resist ●

Zy6,)‰~!Z[Ô#Zzg…»ZW,7ƒ@*pZÅ¹ÐöÆ‚B¿™D÷X ●

S¤4+ƒCìX Insulating Zy~ ●

ZEÑ]:
Æîg6,ZEwHY@*ìX Insulating material Z¹Z¼pZâY~ ●

Z¹‚¡Æ6,i}¯ä~ÌZEwHY@*ìX ●

ñR,Çh-VÆÀ6,izVÅ»g~~Z¹ZEwHY@*ìX ●

gi+-ZzgKz~Æ�Û*¯y~Ì"5½5Õä EGGV$»ZEwƒ@*ìX ●

~âí 6.4.2

Æ&‚>V dicyanidiamide (� 2,4,6triamino1,3,5triazine tZâ"gDÅVwì&~âí)

Æ‚BF,IŠc*Y@*ìX Formaldehyde ÐqÝƒ@*ìÔÃ

~âíÆpZm:
Zy6,wZg]»ZW,7ƒ@*X ●

0*ãÐt'×ZØ™D÷X ●

Zy6,¡»ZW,7ƒ@*X ●

ZEÑ]:
iâ›ZâYÅ»g~~Zy»ZEwƒ@*ìX ●

iâ›�Ûo¯ä~Zk»ZEwHY@*ìX ●

Æîg6,ÌZEwHY@*ìX adhesive »½ZzgÀ}~Ò ●
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0*à-g
#-£4è
GG

GE 6.4.3

Zk0*Ê-,çG~ñâ%ÅZ»×VZq-Šzu}Æ‚B»g!*ó�hÐÝƒC÷Xtêñµ0*Ê-,çGƒD÷X¤/x
™ä6,t7ÖZXZ#eZðW™‚&43ï JEGHÃZ

#-£Ó4è
GG

GE†VwÆ‚B¤/xHY@*ìÂ0*à-g
#-£4è
GG

GEqÝƒ@*ìX

pZm:
t¤/x™ä6,7ÖZX ●

Zq-WvñäzZá̂kƒD÷ZzgWÅßg]~ZyÐ»g0ñâW‚àZzg;àgzX‚Ñà**òiCÙ~ ●

™{g`ƒC÷X

ZEÑ]:
ß†z){~Zk»ZEwHY@*ìX ●

Zk»ZEwZ²øÆnÌHY@*ìX ●

Zy»ZEwµmJä~)Ãã™ä~(HY@*ìX ●

Ã$ÃW:~�häÆnZÐZEwHY@*ìX ●

êñö8gD 6.5

)0*àz³³gZà( PVC 6.5.1

tZq-z³gm,yìT»mêñö8gm,yÐìXZkÆ4+8pZmÔÁÑ†ZzgW‚ãÐ»g PVC

ÐqÝHY@*ìX¬ acetylene ƒäÅ¯Y6,t¹�gìZzg(,}eä6,Zk»ZEwHY@*ìXZÐ

úy6,¤/xHYñÂz³ 473Ð373 Åñ�ŠÏ~ (HgCl2) mercuric dichloride Æ‚B HClÃ acetylene

³gZàqÝƒ@*ìX

S$ÒgöÃ], sodium lauryl sulphate z³³gZà�Zq-âùìÔ1Y@*ìT~0*ãÔ6,Ü)ÓÏ¬ï(Zzg
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72 úyŠgzwZg]6,ŠZ4HY@*ìXZÐ 313-323 ìÔÃZq-‚Bá™”]Æ‚Bhc*Y@*ìXZzgZÐWIè~

[RVJ-¬ïåƒäÆng3Y@*ìXTÐqÝƒäzZá0*Ê-,çGÃZ4}egZÓc*Z+Cå E
E
EZ!¿ÅæŠÐqÝ

™1Y@*ìXZzg¢zg]ÆÒpÐZÐZZDw~ö_54hé HG,̂gÔÎCˆ,̂gZzg_&½3ï GEHÅñ�ŠÏ~eJÑY@*ìX

ÆpZm: PVC

ƒ@*ìX inert "g8-Ô"1Ô−Ô)W>�Zzg6ðîg6, PVC ●

Zk6,gzÝÔcðWxÔ)**xC!Z[ZzgZ‚k»ZW,7ƒ@*X ●

ZEÑ]:
ƒäÅzzÐZÐÌVÃW:~�häÆ0*U$¯ä~ZEwHY@*ìX Inert Zzg6ðîg6, rigid JZzg ●

»ZEwg+Ã^Å»g~ÌHY@*ìX PVC ●

ZEwHY@*ìX PVC g8-zgzµÅ»g~~ ●

�Ûl6,wäÆn"ÇVz){Å»g~~ZEwƒ@*ìX ●

˜äzZáâŠ}Å»g~~ZEwHY@*ìX ●

�DÔ°VÆŒ}¯ä~Zk»ZEwHY@*ìX ●

0*U$©Å»g~~ÌZk»ZEwHY@*ìX ●

0*àZ
#-Ÿ5Ó4è
GGGGEc*0*à

(£4è
G

GE 6.5.2

0*àZ
#-£Ó4è
GG

GE»gzi%{~ZEw¹¬xìXZÐZ
#-Ÿ5Ó4è
GGGGEÐ»gHY@*ìXZÐZŠ!*î6,»gHY@*ìXic*Š{

Š!*î6,»gG‰0*àZ
#-Ÿ5Ó4è
GGGGEÅÑÄÁƒCìX&ÁÑD0*àZ

#-£Ó4è
GG

GEÌ¹Y@*ìX0*àZ
#-£Ó4è
GG

GE�ÁŠ!*îzZá§jÐ

»gHY@*ìZkÅÑÄic*Š{ƒCìXZknZÐZdÑD0*àZ
#-£Ó4è
GG

GEÌ¹Y@*ìXZk0*Ê-,çG~»g0Zq-Šzu}Æ

ƒ@*ìXtéiî~0*Ê-,çG÷XZk§bÆ0*Ê-,çG~ñ�Š SP
3

‚BZº~ÈlÐa}ƒD÷XX~»g0»‘o6

¯D÷X rigid 0*Ê-,çGÅiî,!*Çx¹gBb÷TÐtZq-Šzu}Æ¹ŒÛd$ƒC÷X�ZÐ

ZdŠ!*î»§i:
Šgzúy6,F,IŠc*Y@*ìXZk 523 cðŠ!*î6, 1500@*1000 Zk§j~Z

#-Ÿ5Ó4è
GG

GGEÃ6,W‚àÅñ�ŠÏ~

ÐqÝƒäzZÑâùÃZq-g"5¿.ç GJHÐ*ZgZY@*ì˜V6,0*Ê-,çGÃ)0*Ê-,çGÐ´u{HY@*ìXZzg)0*Ê-,çGÃŠz!*g{ZEwH

Y@*ìX0*Ê-,çGÃQZ™ä6,0*àZ
#-£Ó4è
GG

GEqÝƒ@*ìX
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ÁŠ!*î»§i:

T i t a n ium …~i™ÆÖÐqÝƒäzZáÓÏ¬ï} Cyc l ohe x an e Z
#-£Ó4è
GG

GEÃ

ÆWö}Æ‚BÁŠ!*î6,F,IŠc* Silica Zzg Chromium oxide »Wö{c* Triethyl Aluminium Zzg Chloride

Šgzúy6,t¿HY@*ìX0*Ê-,çGÃ´u{™ÆQZHY@*ìZzgZEwÆ 333-473 cðŠ!*îZzg 35 Y@*ìX¬xîg6,Š!*î
‡.Þ¯c*Y@*ìX

pZm:
ƒD÷X Inert t6ðîg6, ●

ZyÅÚîÅ¤‰Ü)&4gö
GEI

¤‰Ü(ic*Š{ƒCìX ●

¤/x™ä6,t3,xƒYD÷X ●

ZyÅÑÄ0*ãÐÁƒCì®Zt0*ã6,¾D÷X ●

t)',tgzZVƒD÷X ●

ZEÑ]:
yw‚ây¯ä~Zy»ZEwƒ@*ìÔ}[äÔ',@Ô1³z){X ●

Zy»ZEw',¹@*gzV)ñÝµmJäÆnƒ@*ìX ●

t0*U$z){¯ä~ÌZEwKYD÷X ●

0*àZg+ 6.5.3

**òÓO¬ïÅñ�ŠÏ~6ð¿ÐqÝƒ@*ìXt¬ïWiZŠ Benzoyl peroxide 0*àZg+tZg+Ã

ZuÍ/õGÆfg)Z�x0*@*ìX

pZm:
0*àZg+ÁÑ†Ð»gƒ@*ìX ●

¯ä»§iW‚yìX ●
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t!Z[ÔZÅ¹ÐöZzg#Ð'×ZØ™@*ìX ●

Ësƒ@*ìZzg;àgz»g05ä6,3,xƒY@*ìX ●

Ãö;‚,̂g5™ÌÁ7H Brittleness ƒ@*ìZzgZkÅ Brittle tW!gî"$Ã_.[ƒäÐgzÂìp ●

YYX

ZEÑ]:
Zk»ZEw',¹@*gzV6,'×ZîµÆîg6,HY@*ìX ●

0*U$Zzḡx¯ä~ZEwHY@*ìX ●

ìX Zk»ZEw[äÔ±5Áõ E
Y

ÔÅÔ!*y)¶(Ôš~ÆÃgÔgi+-ÔKz~ZzggeµñÆ6,i}¯ä~ÌHY@* ●

0*à
$4-£ÿ GG$4-£é GGZná 6.5.4

0*à
$4-£ÿ GG$4-£é GGZnát

$4-£ÿ GG$4-£é GGZná**òZ7»gHY@*ìXZk0*Ê-,çG‚i~ÃZ�xŠ¶ÆnŠgzwZg]

ÔBenzoyl peroxide ~ZŸ†HY@*ìXtZd¶ÃúVÃ*ZgZY@*ìXWxc*WxŠ¶zZá%·]}

z){ÓÏ¬ïÅñ�ŠÏ~HY@*ìXZ7eg§hVÐ¯c* Potassium persulphateÔHydrogen peroxide

Y@*ìX

Zk§jÆ�ÅLc*šu»gKYD÷XTÆnñâ%ÃÓÏ¬ïÆ‚BZq- »«Æ§jÐ:
‚‘~eJÑY@*ìZzgZÐJƒäJ-¤/xHY@*ìX

X Z7»g™äÆnñâ%»W!²w1Y@*ìXZÏ§b»†šuÃ5™0*îeg»gHY@*ì ñ®8-Æ§jÐ:

Zk~ñâ%ÆW!²wÃÓÏ¬ïÆ‚BZ$Òi¨éEÓZÐÆ‚BF,IŠc*Y@*ìXQZ7Z+A)é
E
EŠ~ZÐÆ Z$Òjè

IE:
‚BßHY@*ìX

Îß×0*Ê-,çG 6.5.5

ZÐqÝ™äÆnZ(…OY@*ìT~ñâ%Zzg0*Ê-,çGŠzâVi5+k,ƒD÷X¬xîg6,tZk,zz…Ô

Zpc*™yƒD÷X

pZm:
tËsƒD÷X ●

Zy6,ñÌ»Zzg6ð%·]}!Z[z){»ZW,7ƒ@*X ●

ZyÅ&4gö
GEI

¸]ic*Š{ƒCìX ●

Zy6,Zd¶ÃúV6,ZW,7ƒ@*X ●

80



ZEÑ]:
Zy»ZEwWgZ›WÑ]¯ä~ƒ@*ìX ●

÷z){Ã2¯äÆnZEwHY@*ìX ●

ñR,Çh-V~ZEwƒäzZá»õ~Zy»ZEwHY@*ìX ●

ÖZg�ÛlÅ»g~~ZEwƒ@*ìX ●

9YVZzg‚í1ge~Zk»ZEwHY@*ìX ●

"3¨Õä
HGEy 6.5.6

äZ%M~ÅXZLŠ"ÆŠzgZyZ,V DuPont (ìX"3¨Õä HGEyÅZXŠ PTFE
"3¨Õä
HGEyt0*à6ZjgzZ

#-£Ó4è
GG

GE)

ä6ZjgzZ
#-£Ó4è
GG

GE**ò}%“ÃŠ!*îÅqª~Zq-]Ó45åGEHg~½™g3XZ#ZkäZÐ]Ó45åGEHgÐï%ÆnzZwÅÑ
Â’»ZyZ`7ƒZXZ#ZkäZÐÂh™Š¬ÂZk~Zq-J)¬ïâŠ{Š3ðŠc*X&ˆ~"3¨Õä HGEyÆ**xÐY**

YäÎX"3¨Õä HGEyÃ»g™äÆn6ZjgzZ
#-£Ó4è
GG

GE**ò’Ã�Û~gi+p¯äzZá%·]};àgzX6,W‚àÔc*Zñ46,
ÜÆ‚Bic*Š{cðŠ!*î~g3YñÂ0*à6ZjgzZ

#-£Ó4è
GG

GE)"3¨Õä HGEy(»gƒ@*ìX

"3¨Õä
HGEyÆpZm:

têñö80*Ê-,çGÅVwì�Cg8-»̂kƒ@*ìX ●

úyÐic*Š{ƒ@*ìX 600 Zk»Šgz»ît ●

t»°¢oZzgJƒ@*ìX ●

Zk~Eic*Š{ƒCìZzgZk6,ZÅ¹ÐöZzg!Z[z){»ZW,7ƒ@*ìX ●

ZEÑ]:
"3¨Õä
HGEy»ZEw)',t*ZgâŠ}Å̂~',¹@*gzV6,µmJänHY@*ìX ●

ZkÆJƒäZzgg¥/ƒäÐZk»ZEwßÔÛ8-Ô’–z){»g™ä~HY@*ìX ●

Æ‚B5™Ã$†kÅ»g~~ÌZEwHY@*ìX 1 ZÐŠzu}%·] ●

(',@Å»g~~"3¨Õä HGEyZEwHY@*ìX Non stick )n) ●
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(Learning Outcomes) Zõ!}ò 6.6

ZkZ»ð~~CYäö8Æ!*g}~¥â]qÝÅZzgZkÅ©VÆ!*g}~Y**XZkÆ´z{êñö8Zzg

êñ«Æ�ÛtÆ!*g}~Y**ŠHXWy~êñö8g$h4è GGEZzgZyÅZlxÆ!*g}~¥â]qÝÅˆX

(Key Words) ã~ZÖp 6.7

0*àzbb³gZàZq-êñö8gm,yìX : PVC .1

Zpc*™y…~iƒäzZáñâ%Zzg0*Ê-,çGÆ“WzZÑ0*Ê-,çGìX Îß×0*Ê-,çG: .2

(PTFE) 0*à6ZjgzZ
#-Ÿ5Ó4è
GGGGE "3¨Õä

HGEy: .3

(Model Examination Questions) %:ZJãÎZÑ] 6.8

(Obejctive Answer Type Questions) czè�Z!*]ÆqïÎZÑ] (A)

9�Z[Å¶K0+„ÙX

(HYYìX Mould ö8tZd‰‰‰‰‰‰‰‰‰‰ÅZq-nìq¤/x™Æc*Š!*îÅqª~ZqzV~ps) .1

(Z‚k d) (!Z[ c) (ŠJ] b) (0*Ê-,çG a)

êñµö
_5À)4è
H

G™Zk„ƒäÐ‰‰‰‰‰‰‰‰‰‰‰Ò,Mzgu»gƒ@*ìX .2

(eg d) (& c) (Šz b) (Zq- a)

qgzfs~êñµö8ÅVBÃyÏ÷X .3

(tX d) (_5Ò5½ð GGy c) (Z<Ëö_5½ø
H

b) ("5½5Õä EGGV$ a)

Z#eZðW™‚&43ï JEGHÃZ
#-£Ó4è
GG

GE†VwÆ‚B¤/xHY@*ìÂ‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰qÝƒ@*ìX .4

PVC (d) (0*à-g
#-£4è
GG

GE c) ("5½5Õä EGGV$ b) (~âí a)

DéiîzZá0*Ê-,çGÃyÐ÷X .5

Zy~ÐÃð7 (d) ŠzâV (c) (êñµ b) êñö8 (a)

Åñâ%Z»ð‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰ìX PVC .6

(z³',zâà d) (Z
#-£ÿ
GG³gZà c) (Z?³gZà b) (z³³gZà a)

Z
#-Ÿ5Ó4è
GG

GGEÐ»gƒäzZÑ0*Ê-,çGÃy‚ì? .7

(Zy~ÐÃð7 d) (0*à
(£4è
G

GE c) PVC (b) ("5½5Õä EGGV$ a)
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0*àZg+tZg+Ã‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰**òÓO¬ïÅñ�ŠÏ~6ð¿ÐqÝƒ@*ìX .8

Benzyl chloride (b) Benzoyl peroxide (a)

KMnO4 (d) Hydrochloric acid (c)

äZ%M~ÅX DuPont ‰‰‰‰‰‰‰‰‰‰‰‰‰ÅZXŠ .9

("3¨Õä HGEy b) (0*à
$4-£ÿ GG$4-£é GGZná a)

(0*à
(£4è
G

GE d) (0*àZg+ c)

0*à
$4-£ÿ GG$4-£é GGZnáÅ»g~»BÆÔ§iB§jÃyÐ÷? .10

(tX d) (Îß×0*Ê-,çG c) (ñ®8- b) (»« a)

(Short Answer Type Questions) ¿�Z!*]ÆqïÎZÑ] (B)

SzV~ÉÀŸ/õGX 10 fsÆCÙÎZw»�Z[

ö8Å°pZzgZkÅZlxÉÀŸ/õGX .1

êñö86,¿âÉ̂ÀŸ/õGX .2

êñµö8Å»g~6,gzÝeZaX .3

~âíÆÃðŠzpZmZzgŠzZEÑ]ÒyÙX .4

0*à-g
#-£4è
GG

GEÅ»g~ì¬$ÓÓÀŸ/õGX .5

0*à
(£4è
G

GEÆpZm6,gzÝeZaX .6

0*à
$4-£ÿ GG$4-£é GGZnáÆZEÑ]ÉÀŸ/õGX .7

0*àZg+Å»g~ì¬ïÉÀŸ/õGX .8

(Long Answer Type Questions) îs�Z!*]ÆqïÎZÑ] (C)

SzV~ÉÀŸ/õGX 30 fsÆCÙÎZw»�Z[

Bï]6,Œ�ÛtÒyÙX 5 êñµZzgêñö8~ÁZiÁ .1

)0*àz³³gZà(6,×âÉ̂ÀŸ/õGX PVC .2

0*à
(£4è
G

GEÅ»g~»ZZŠ!*î»§iZzgÁŠ!*î»§i6,âÉ̂ÀŸ/õGXZEÑ]ÒyÙX .3

0*à
$4-£ÿ GG$4-£é GGZnáÅ»g~ÆZ§hV6,gzÝeZnX .4

"3¨Õä
HGEyÅ»g~ì¬ïÉÀŸ/õGXpZmÉÀŸ/õGX .5
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(Suggested Books for Further Readings) '×h+_¬Æa?m,™Š{ÂÁ 6.9

1.  Advanced Organic Chemistry by Bahl and Bahl.

2.  Advanced Chemistry by Dr. Mazhar Farooqui.

3.  Organic Chemistry by Jonathan Clada.

4.  Organic Chemistry by RT Morrison and R.N. Boyd

5.  Organic Chemistry Volume I &II by I. L. Finar
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',g zg Z :g8 7 Z»ð
(Fibers and Rubbers)

Z»ðÆZbZ
ā 7.0

£œ 7.1

g3VÆZlx 7.2

ŠgCg8 7.2.1

**xCg8 7.2.2

@*dg8 7.2.3

g8pZmzZEÑ] Acrylic 7.2.4

0*àZâàg8pZmzZEÑ] 7.2.5

g', 7.3

g',ÆZlx 7.4

ŠgCg', 7.4.1

¡¦g', 7.4.2

g',GRA Zzg SBR 7.5

g',pZmzZEÑ] Buna-S 7.5.1

g',pZmzZEÑ] Buna-N 7.5.2

³gz6,+ZzgE6,+pZmzZEÑ] 7.5.3

zÉ»45éGE,̂c 7.6

Zõ!}ò 7.7

ã~ZÖp 7.8

%:ZJãÎZÑ] 7.9

czè�Z!*]ÆqïÎZÑ] (A)

¿�Z!*]ÆqïÎZÑ] (B)

îs�Z!*]ÆqïÎZÑ] (C)

'×h+_¬Æa?m,™Š{ÂÁ 7.10

85



(Preface) ā 3.0

¬xîg6,g8tŠgCîg6,0*ñYäzZáâŠ}}Ô»HÔ�^ÔZzyz){Ð»gƒD÷pW`@*dîg6,
c*@*dg8»gKYD÷XŠgCZzg@*dŠzâV§bÆg8t0*Ê-,çG (Semi Synthetic) »g{âV~4@*d

‚Ô 95 Zq-Zëbƒ@*ìX»H~ (Cellulose) ƒD÷XŠgCîg6,0*ñYäzZág3V~_5Ò3ð G
Gßi (Polymer)

‚Ô_5Ò3ð GGßi0*c*Y@*ìX6āZz6,Cc*ŠHìg8t0*Ê-,çGƒD÷pCÙ0*Ê-,çGtg67ƒYXg6 45Ð40 Ç~~

BäÆnZk~Šg`fspZm»ƒ**¢zg~ìX
ic*Š{ƒãe’X  Zk0*Ê-,çG~&4gö

GEI¸]¹ �

ZyÆ»îZzg3,xƒä»ŠgzwZg]ic*Š{ƒ**e’@*āZ7™s™Dz‰ÜZzgZ,~™Dz‰ÜZyÅ¹:ƒX �

Z7Zg8-mJc*YnX �

egZñÝ™Dz‰Ü…»Zy6,ÃðZW,:ƒX �

Z7iHYnZzgoƒ!*gq-g3V~psHYnX �

»ZW,:ƒX (Oxidising Agent) Zy6,gzÝÔ¤/òZzgcY~ñ�Š‰~¬ï �

t!Z[ZÅ¹ÐöZzgñŠqÑ]Ð'×ZØ™}X �

ƒVX (Non Poisonous) Zy6,Ùc*»ZW,:ƒZzg)iCÙY �

Zy~0*ã_.[™äZzg{g`™äÅ&¢Añ�ŠƒX �

Z7W‚ãÐ™m,HYnX �

(Aims) £œ 3.1

Ô³gz6,+ Buna-N ÔBuna-S CYÃg3VÆZlxÐzZ�™zZ**Xg',ZzgZkÆZlxÅ¥â]�ÛZë™**X
§jÐ0¥â]�ÛZë™**X (Vulcanisation) ZzgE6,+Å¥â]ŠbXz1,̂c

g3VÆZlx 7.2

g3VÃ&)oV~„HY@*ìX
(Semisynthetic Fibres) 4@*dg8 � (Natural Fibres) ŠgCg8 �

(Synthetic Fibres) @*dg8 �

ŠgCg8 7.2.1

Z,g8�ŠgCîg6,Šø7[ƒD÷ZzgqÀ}ÅÅ~ZEwHY@*ìÔŠgCg8BD÷X
}ZzóyÔ&4jè

F
H

EÔy)g1(z){X

Z7'×h+&:)oV~„HYYìX
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tm@*]ÐqÝƒäzZág8ƒD÷X�7ŠzVÅaÔÚz){ÐqÝƒD÷XZ7 mCg8:
mCg8¹Y@*ì}&4jè

F
H

EÔ»H)¾k(X

ZknÆg8³Z**]ÐqÝƒD÷X�¬xîg6,ZyÆ!*wc*{g`™Š{âŠ{Ð»gƒD ³Zãg8:
Ôz){X (Silk) ÷X}ZzóyÔy)g1(

Asbestos tn*]ÐqÝƒD÷X} **xCg8:
(Semi Synthetic Fibre) **xCg8 7.2.2

4@*dg8tŠgCîg6,0*ñYäzZág3V~6ðîg6,p~Ñ™»gGYD÷@*āZyÅ̧]&4gö

GEI

~

z){X TerrywoolÔTerrycot ZŸ†HYñÔZ7ñÌZzgâjwÐXc*YnX}

(Synthetic Fibers) @*dg8 7.2.3

tåîg6,»g{âV~»gòYD÷XZyÅ'×h+)®)È~0*Ê-,çG~ñ�ŠZ·Z�hÅ¯Y6,ÅYCìX
}0*àZ7Ô0*àZâàÔ0*à»g1,MÔ0*àZ+z){X

@*dg8 ŠgCg8

tå»g{âV~»gòYD÷X � ŠgCg8tYâgc*7ŠzVÐqÝƒD÷X �

t¤/x™ä6,ÖZ÷Zzg!*ßVÆWÜ17WCX � ŠgCg8W6,!*ßVÆWÜ1aZƒCìX �

@*dg3VÃg8-Š¶Ænºm2»ZEw �

¢zg~ìX

ŠgCg3VÃW‚ãÐg8-Šc*YYìX �

ŠgCg3VÆ£« Tenacity @*dg3V~ �

~ÁƒCìX

ic*Š{ƒCìX Tenacity ŠgCg8~ �

Zy~0*ã_.[™äÅ&¢AÁƒCìX � Zy~0*ã_.[™äÅ&¢Aic*Š{ƒCìX �

Polyacrylonitrile Æ**xÐ�Ûz|#HY@*ìXg8¯äÆn Orlon Z7!*iZg~ g8: Acrylic 7.2.4

peroxide ñâ%Z»ðÆ�Û~gi+p0*Ê-,çG‚i~Ð acrylonitriletPolyacrylonitrile **ò0*Ê-,çGZEwHY@*ìX
0*Ê-,çGƒD÷X Polyacrylonitrile g8t@*dg3VÐmgnp÷Zzgt Acrylic Åñ�ŠÏ~qÝƒD÷X

Ã Methyl acrylatec*Vinyl acetate ñâ%Z»×VƒC÷XZy~ 1900 »Zz‰‚@ziyZq-ÑÄƒ@*ìZzgT~

Æîg6,5™ZdnÆg8»gKYD÷X Co-polymer
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pZm:
tZ̄zg3,xƒD÷X �

ZzyÅ§b5ìƒD÷ZzgZzyÅ§b3,xZzg¤/xƒD÷X �

Zy6,ÑgzZúWzg7ƒ@*ìX �

Z7W‚ãÐÈHY@*ìX �

Z7W‚ãÐŠðc*YYìX �

t¡Ð'×ZØgnp÷X �

ZEÑ]:
Zy»ZEwÎñZzgR,oÎ^»g~~HY@*ìX �

�ÂVZzg‰kÅ»g~~ÌZy»ZEwƒ@*ìX �

»gùÔ"ðÅ»g~ÌtZEwƒD÷X �

tZ,0*Ê-,çGƒD÷X~Šzñâ%Zq-Šzu}Æ‚BZâà�hÅæŠÐa}ƒD÷X 0*àZâàg8: 7.2.5

(Nylon - 66) 66 Ô**&Õä Jy (Nylon - 6) 6 ZkÅ¬xVw**&Õä Jyg8÷X**&Õä Jy

Æ**xÐÌY**Y@*ìXt0*àZâàg8ì� Perlon-Lc*Kapron ZÐ : (Nylon - 6) 6 **&Õä Jy
úyŠgz 533 »g0ñ�ŠƒD÷XZÐZ# 6 Pz

Å5¼-
ê

G
H

)‚"1¹Óë J
GZâà(ÐqÝGYD÷XZz~Pz

Å5¼-
ê

G
H

~

]¤/xHY@*ìÂ§8-BII^™Zq-0*Ê-,çG»gƒ@*ìXZk 5@*4 cðâjw~ª**>zXÅñ�ŠÏ~ inert wZg]6,

»g0zZàZ»×Vñ�ŠƒC÷X 6 §bZkÐqÝƒäzZá0*Ê-,çG~

pZm:
tJƒD÷X �

ZyÅ&4gö

GEI

&¢Aic*Š{ƒCìZzgZy~EZzg®Ìic*Š{ƒCìX �

Zy6,Lc*V77,'X �

ZzgZy6,!Z[ZzgZÅ¹Ðö»ZW,7ƒ@*X �

"g8-ƒ@*ìpZÐZgùV~góYYìX 6 **&Õä JyX �
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ZEÑ]:
**&Õä Jy»ZEwg(V¯ä~HY@*ìX �

ZÐN*],Æg8¯ä~ÌZEwHY@*ìX �

•‚]Å»g~ÆŠzgZyÌZy»ZEwƒ@*ìX �

g8»ZEwƒ@*ìX 6 "×V¯ä~Ì**&Õä Jy �

ñR,Çh-V~Z*á¯ä~Zy»ZEwHY@*ìX �

Z70*U$Å»g~~ÌZEwHY@*ìX �

.*sÌZyÐ»gGYD÷X �

adipic Zzg Hexamethylene diamine t@*dg8ÅVwìT~Šzñâ%ª 66 **&Õä Jy : 66 **&Õä JyX
¹Y@*ìX 66y »g0ñ�ŠƒD÷®ZZkÐqÝƒäzZá0*Ê-,çGÃ**&Õä J 6Ô6 Ã¬ïŠc*Y@*ìXŠzâV%·]~ acid

ƒZÐ 1:1 ÆW!²wX~ŠzâVÅlZg»Úƒ Hexamethylene diamine Zzg Adipic acid »g~:
e¤/~úyJ-¤/xHY@*ìXTÐ**&Õä Jy#»gƒ@*ìX**&Õä Jy#»‚@ziyÁƒ@*ìXZÐ¤/x™Æ0*ãÃ 373

qÝƒ@*ì&!*gq-•Ð*ZgZY@*ìXqÝƒä 66 ggZ]Å̂~´u{HY@*ìXTÐ»ƒZ**&Õä Jy

g8qÝòYD÷X 66 zZág3VÃQZ™Æ**&Õä Jy

ZEÑ]:
»ZEwÇh-V~gi+¶Æ6,i}¯ä~ƒ@*ìX 66 **&Õä Jy �

',¹@*gzV6,µmJäÆnZEw~W@*ìX �

0*U$Å»g~ZzgZ0VÆ6,i}¯ä~ZEwHY@*ìX �

¯\)u(ÔN*ðÔ.*ÛZzg0*U$z){Å»g~~ZEwHY@*ìX �

(Glycol (¤/z\ñ�ŠƒVÔÅ&½h4ý
G

G†Vw) COOH tg8**xC!Z[T~Šz»g1¢) 0*àZ7k:
473 ÅiZZ+lZgÆ‚B Ethylene glycolÃ Dimethylteriphthalate Æ‚B™äÐqÝƒD÷X}

ŠgzúyZzgÁ 553 **òñâ%Z»ðqÝƒCìX& Diehtylene glycol teriphthalate e¤/~úy6,¤/xHYñÂ
ÓÏ¬ïÅñ�ŠÏ~F,IŠc*Y@*ìÂ0*àZ

#-Ÿ5Ó4
è

G
G

GGE†VwqÝƒ@*ìX�!*iZg~¢g antimony trioxide Š!*î6,
c*enzyÆ**xÐ�Ûz|#HìX
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pZm:
ic*Š{ƒCìX Tenacity ZyÅ �

Zy6,L-VÅ'×ZØ™D÷X �

Zy~Eic*Š{ƒCìX �

NaOCl t−ñc*$zg!Z[ZzgZ‚kÐic*Š{'×ZØgnp÷p̧~!Z[ZzgZ‚k»Zy6,ZW,ƒ@*ìXZ¹ �

HY@*ìX Bleach **ò‰~¬ïÅæŠÐ
(ZW,7™DX Insect Zy6,Q}ch}) �

»ZW,ƒ@*ìZzgt¢Wvñfe÷X (X-rays) Zy6,!*Ññ¶ÃúV �

Z7W‚ãÐg8-mJc*YYìX �

ZEÑ]:

0*«g3V»ZEwÀzVÅÅ~}‚h~ÔegöÔ6,Š}X �

!*Š!*ã˜iÆ6,Š}¯ä~0*àZ7»ZEwHY@*ìX �

0*àZ7»ZEwïFgkge8-_Zzg™Å»g~~ÌHY@*ìX �

(Rubber) g', 7.3

‚ic*Š{ƒCìXZ¹r6, 300 Ì¹Y@*ìXZk~EŠzu}0*Ê-,çGÅ/Ú (Elastomer) g',ÃZÑ:%
ƒD÷Xg',~0*ãZzg Flexible kHJ-@*äYMh÷Zzģ]ÆUä6,Šz!*g{ZKZ-qª~zZ:WYD÷Xt 5
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Æ‚B¤/x Sulpher ƒZŠZ47ƒMhXZyÆ~pZm~p~Ñ™Z¹Z£œ~ZEwHY@*ì}g',Ã
g',qÝƒ@*ìqN*],ÅÅ~Çh~Æ(;/õ FXG

Zzgk[¯ä~ZEwHY@*ìX Vulcanised ™äÐ

(Types of Rubber) g',ÆZlx 7.4

g',ÃŠzZlx~„HY@*ìX
(Synthetic / Artificial Rubber) ¡¦g',  )2( (Natural Rubber) )1(ŠgCg',

: (Natural Rubber) ŠgCg', 7.4.1

(c*Šg|#» Latex ZŠg½VÐqÝƒ@*ìXtCg8-»âŠ{ƒ@*ìXtèZ) 500 îg6, (Natural) tŠgC
‚;àgz»g0ñ�Šƒ@*ìXtg',\+Ô³gz̄gxÔ»g06Z³gZàZzg9zí~i 40@*25~Latex ŠzŠ|ƒ@*ìX

5+k,ƒ@*ìX

: (Synthetic / Artificial Rubber) ¡¦g', 7.4.2

tZK̈y»»g™Š{g',ƒ@*ì&ŠzkHJ-@***YYìX̧]ÆUä6,Šz!*g{ZKqÝ~ß^Y@*ìX}

g',z){X ButylÔBuna-nÔBuna-s

g',GRA Zzg SBR 7.5

: (SBR: Styrene Butadiene Rubber) g',Buna-S 7.5.1

Úƒ~�Û~gi+pÓÏ¬ïÆ 3:1Ã Styrene Zzg Butadiene g',ÐZdn»g',ƒ@*ìX� Bunat
[RV~qÝƒ@*ìXZkg',~ŠzZñâ%Z»×V"F,v�Ða~ 15@*12 e¤/~úy6,F,IŠ¶Ð 278 ‚B

¸]ic*Š{7ƒCX0*Ê-,çGiî~)F,v�ÅzzÐiîÆŠgxy̧]$zgƒCìXZkÅ Tensile ƒC÷X®ZZk~

Trans‚60 Zzg Cis‚20~SBR ¸]Ã(,JäÆn»g0�c*ZÏ§b»ÃðâŠ{5c*Y@*ìX Tensile

ñ�Šƒ@*ìX (Configuration) Ã$©5½3ð
EE

G

Y

Ggc

ÆpZm: SBR

g¥/ÐZy~W‚ãÐ¶Ky77,DX �

tW‚ãÐ7I3X �

7ƒDX Mix tg',W‚ãÐŠzuzVÆ‚B �

Zzjzy'×ZØic*Š{ƒCìX �

ZyÅW‚ãÐ‰ƒCìX �
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%Zzg**xC…~tYwYD÷X �

ŠgCg',Å/ÚñÌ»Zk6,ÁZW,ƒ@*ìX �

HYYìX vulcanise ZyÃ �

ZEÑ]:
»ZEwÑV$e-KN*],k¯ä~ƒ@*ìX SBR �

ZyÃøÔyw‚âyÔ�ÂVÆŒ}ÔÀzV6,ÝsmJäÔ�ÛÙÔ’–¯ä~ZEwHY@*ìX �

tzZ],Zzg@*g6,)',¹ÝsmJäÔ˜äzZáâŠ}Å»g~z){~ÌZEwKYD÷X �

g',: Buna-N 7.5.2

Emulsifying ZyÃ  ÆYÐáCìX acrylonitrile Zzg butadiene c***>Zbg',Ì¹Y@*ì� GRA ZÐ
(Alkyl benzene c*ZyÆeZàÔZÇ\+ā,M Pametic acid c*Mesteric Ô Olive

!3™)
ÿ

G

Æîg6,
z){ZEwGYD÷X0*Ê-,çG‚i~Ã(,JäÆn9kÆ#ZzgYð;àgz6,W‚à0*Ê-,çG‚i~ sulphonate)

Ñzq™äÆnZEwƒ@*ìX

pZm:
Zy6,wZg]ÔÎg`ÅgzÝÔ!Z[Zzg¤]»ZW,7ƒ@*pZÅ¹ÐöÐZkÅ'×ZØÁ0*ðYCìX �

Å§bƒCìX SBR ¸]ÁƒCìZzgZk0*Ê-,çGÅiî~"F,v� Tensile ZyÅ �

Zk6,|›Zzgg¥/Æ¶KyW‚ãÐ77,DX �

ZyÅEŠgCg',Æ£«~ÁƒCìX �

ZEÑ]:
¯ä~ƒ@*ìX (Tank) Zy»ZEwZgïÅx �

’Å©Æ6,izV¯ä~ÌtZEwƒDìX �

Zy»ZEw.*ÛZzgƒZð˜iÆÀ6,i}¯ä~ÌHY@*ìX �

’–Ô˜äzZáâŠ}Ô%'×Z›¯xÅ»g~~ÌZy»ZEwHY@*ìX �

tWIñ!*bÆÀ6,i}¯ä~ÌZEw~WD÷X �

³gz6,+ZzgE6,+ 7.5.3

cuprous Ã acetylene Ð¯c*Y@*ìX HCl Zzg acetylene g',Ì¹Y@*ìXZÐ GR-M ZÐ
Ì»gƒ@*ì& divinyl acetylene Åñ�ŠÏ~F,IŠ¶Ðz³Z]45Ó4è

G
H

GE»gƒ@*ìXZzg¼lZg~ chloride

ÃuŠZc*Y@*ìXZkÐz{âù~psƒY@*ìXQZÐ’Å^~ Vinyl acetylene ´u{™Šc*Y@*ìX
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e¤/~úy6,¦/ZgZY@*ìTÐ³gz6,+qÝƒ@*ìX³gz6,+Ã 303 ~Ð HCl Zzg%·.ç
GE cuprous chloride

(Free radical 0*Ê-,çG‚i~§jÐ#}ÅŠ6,E6,+~psHY@*ìXt¿�Û~gi+p}+M Imulsion

Ðåƒ@*ìX mechanism)

pZm:
E6,+ŠgCg',ÐŒÛR?¹g‚rìX �

ZkÅ‰~¬ïÆ‚B'×ZØic*Š{ƒCìX®ZZzjzyZzgWx»Zk6,¿Áƒ@*ìX �

Zk6,)**xC%ZzgmC%»ZW,7ƒ@*Xtª…~i5+k,ìX �

g',Æ£«~ic*Š{ƒCìX Buna-n Zzg Buna-s Zk~ZÅ¹ÐöÐ'×ZØ �

¸]ŠgCg',Æ£«ÁƒCìX Tensile ZkÅ �

Zk6,ñÌ»ZW,Áƒ@*ìX �

HY@*ìX Vulcanize ZÐ �

: ZEÑ]
E6,+»ZEw~N*\Æ6,i}¯ä~Zk»ZEwƒ@*ìX �

Zk»ZEwA-VÆ�hzZáWÑ]¯ä~ƒ@*ìX �

t',¹@*gzV6,'×Z›ÝsmJä~ZEwHY@*ìX �

ñR,zV~DZzgø¯ä~ZEwZk»ƒ@*ìX �

(Vulcanization) zÉ»45éGE,̂c 7.6

g',ÅS:]~ÐZq-Zk~0*ðYäzZàEƒCìXŠgCîgÐqÝƒäzZÑ{xg',ZEwÆÁ
‡.Þƒ@*ìYèZk~0*ðYäzZàEZq-ºmŠgzwZg]ÆŠZ],}~ƒCìXZÐr6,’ÂY@*ìpŠz!*g{

Z-qª~7W@*X¤/x™ä6,3,xZzguŠ™ä6,JƒY@*ìXZk6,W‚ãÐg¥/Æ¶Ky7,YD÷XZyñVÃŠzg
Æ‚B»g0eZðÏàÅñ�ŠÏ~c*Q÷ S2Cl2 HY@*ìXZk¿ÆŠzgZyg',Ã Vulcanize ™äÆng',Ã

ÆŠzgZyZEwÅˆ Vuclanization ÐqÝƒäzZág',ÅS¤t Vulcanization Æ‚B¤/xHY@*ìX
g',ÃZzg4¯äÆn Vulcanize ÆnŠg»gz‰Ü6,«ƒCìX Vulcanization ÷ÅlZg6,ÔÔŠgzwZg]Zzg

ÆnZEwƒäzZàegZë2Šg`fs÷X Vulcanization »g0�z){ÌZk~5c*Y@*ìX
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2: (Mouled cure) âî®Yg
™ÆZ7eJç~ŠZ4HY@*ìXZÐÈ™Æ¤/xHY@*ìX Mix Zk§j~ÓxŠg»gZbZYÃ

2: (Steam Cure) ZMYg
ÆnŠg`ZbZYÃ5™Zy~Ðic*Š{cðŠ!*î6,¸\Ã*ZgD÷X Vulcanization Zk¿ÆŠzgZy

2: (Hydrolic Cure) ;àgźYg
Zk2~ZbZYÃ5™Zq-ºmŠgzwZg]ZzgŠ!*î6,0*ãÆ‚BF,IŠc*Y@*ìX

2: (Electrical Cure) Z¼pYg
zZÑ',¹yZyZEwHY@*ìX Frequency t].h+2ìT~ic*Š{

g',ÆpZm: Valcunized

ZyÆÚîÆ&¢Aic*Š{ƒCìXZyÅZK6,Zãqª~Šz!*g{WäÅ&¢Aic*Š{ƒCìX �

ZyÅ',¹'×ZØic*Š{ƒCìX �

ðzwÔÜ+z){**xC…Ð'×ZØic*Š{ƒCìZzgtg',Zy~Ym7ìX �

ZÐW‚ãÐZZDw~eJÑYYìX �

Zy~EŠgCg',ÐÁƒCìX �

(Learning Outcomes) Zõ!}ò 7.7

Buna-N »ð~CYäg3VÆZlxÆ!*g}~zZ/qÝÅXZkÆ´z{g',ZzgZkÆZlxÆ!*g}~Y**X ZkZ

³gz6,+ZzgE6,+Æ!*g}~¥â]qÝÅXWy~z1,̂cÆ§jÆ!*g}~¥â]qÝÅX - Buna-S

(Key Words) ã~ZÖp 7.8

ŠgCîg6,qÝƒäzZág8ZzyÔ]Óë LX ŠgCg8: .1

m@*]ÆqÝƒäzZág8»H)¾k(X mCg8: .2

Asbestos n*]ÐqÝƒäzZág8 **xCg8: .3

(Model Examination Questions) %:ZJãÎZÑ] 7.9

(Obejctive Answer Type Questions) czè�Z!*]ÆqïÎZÑ] (A)

9�Z[Å¶K0+„ÙX

ŠgCîg6,0*ñYäzZág3V~‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰Zq-Zëbƒ@*ìX .1

(Zy~ÐÃð7 d) (�ÛÍi c) (‰Ãi b) (_5Ò3ð GGßi a)
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ZzóyÔ&4jè
F
H

EÔyt‰‰‰‰‰‰‰‰‰‰‰g3VÅVB÷X .2

Acrylic (d) (ŠgC c) (@*d b) (4@*d a)

Æ**xÐ�Ûz|#KYD÷X Orlon ‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰g8!*iZg~ .3

(ŠgC d) ()**xC c) (**xC b) Acrylic (a)

0*àZâàg3VÅVBÃyÏ÷? .4

(Zy~ÐÃð7 d) (ŠzâV c) 66 (**&Õä Jy b) 6 (**&Õä Jy a)

Å»g~~ZEwƒäzZáZz~Pz
Å5¼-

ê
G

H

~‰‰‰‰‰‰‰‰‰‰‰‰»g0ñ�ŠƒD÷X 6 **&Õä Jy .5

6 (d) 5 (c) 4 (b) 3 (a)

g',Ã‰‰‰‰‰‰‰‰‰‰‰Ì¹Y@*ìX .6

(ñâ% d) (0*Ê-,çG c) (ö:% b) (ZÑ:% a)

~‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰;àgz»g0ñ�Šƒ@*ìX Latex .7

‚60@*50 (d) ‚10@*5 (c) ‚40@*25 (b) ‚20@*10 (a)

t‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰g',ÅVB÷X Buna-n Zzg Buna-s .8

(Zy~Ãð7 d) (ŠzâV c) (¡¦ b) (ŠgC a)

³gz6,+ZzgE6,+Ã‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰Ì¹Y@*ìX .9

g',GM-R (d) g',CNP (c) g',Cl-N (b) g',GR-M (a)

c***>Zbg',Ì¹Y@*ìt‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰ÆYÐáCìX GRA g',& Buna-N .10

acrylonitrile Zzg pentadiene (b) acrylonitrile Zzg butadiene   (a)

acrylonitrile Zzg hexatriene (d) acrylonitrile Zzg  hexadiene (c)

(Short Answer Type Questions) ¿�Z!*]ÆqïÎZÑ] (B)

SzV~ÉÀŸ/õGX 10 fsÆCÙÎZw»�Z[

g3VÆZlxÒyÙX .1

mCÔ³ZãZzg**xCg3VŠzŠzVBÒyÙX .2

g8Å»g~ì¬ïÉÀŸ/õGX Acrylic .3

0*àZâàg3VÆZlxÒyÙXZyÅVBŠ£X .4
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ÆZEÑ]ÒyÙX 6 **&Õä Jy .5

g',£ë÷?ZyÆZlxìVwÉÀŸ/õGX .6

³g+ZzgE6,+Å»g~ÒyÙX .7

ŠgCZzg@*dg3V~�ÛtzZãÙXX .8

(Long Answer Type Questions) îs�Z!*]ÆqïÎZÑ] (C)

SzV~ÉÀŸ/õGX 30 fsÆCÙÎZw»�Z[

g6BäÆnÁpZm»ƒ**¢zg~ì?-�Z[ÉÀŸ/õGX .1

Hì?ZkÅegZë‚(6,gzÝeZaX Vulcanization .2

Å»g~ÔpZmZzgZEÑ]6,â^ÉÀŸ/õGX 66 **&Õä Jy .3

0*àZ7kg86,×â^ÉÀŸ/õGX .4

g',6,â^ÉÀŸ/õGX Buna-N Zzg Buna-S .5

(Suggested Books for Further Readings) '×h+_¬Æa?m,™Š{ÂÁ 7.10

1.  Advanced Organic Chemistry by Bahl and Bahl.

2.  Advanced Chemistry by Dr. Mazhar Farooqui.

3.  Organic Chemistry by Jonathan Clada.

4.  Organic Chemistry by RT Morrison and R.N. Boyd

5.  Organic Chemistry Volume I &II by I. L. Finar
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:!*Çevi+"5ÿ GE0*Ê-,çGk 8 Z»ð
(Biodegradable Polymers)

Z»ðÆZbZ
ā 8.0

£œ 8.1

!*Çevi+"5ÿ GE0*Ê-,çGkÆZlx 8.2

ŠgCîg6,0*ñYäzZá!*Çevi+"5ÿ GE0*Ê-,çGk)Zvz0*Ê-,çG( 8.2.1

0*àóZàk 8.2.2

ŠgCîg6,0*ñYäzZá0*àƒà 8.2.3

Ùs0*àZ7k 8.2.4

!*Çevi+"5ÿ GE0*Ê-,çGÆpZm 8.3

@*dc*¡¦§»C)Ýà0*Ê-,çGk 8.4

Z‰à0*Ê-,çG 8.5

(Mw (Ô[Zz‰‚@ziy) Mn �Zz‰‚@ziy) 8.6

e¤/~Ws0*Ê-,çGZ,̂c 8.7

Zõ!}ò 8.8

ã~ZÖp 8.9

%:ZJãÎZÑ] 8.10

czè�Z!*]ÆqïÎZÑ] (A)

¿�Z!*]ÆqïÎZÑ] (B)

îs�Z!*]ÆqïÎZÑ] (C)

'×h+_¬Æa?m,™Š{ÂÁ 8.11
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(Preface) ā 8.0

§»C¥)!*Çevi+"5ÿ GE(0*Ê-,çGc*§»CÝw5+k,0*Ê-,çGt‚bÅ5Z½Cƒð÷ácìXT~!*Ç

evi+"5ÿ GE0*Ê-,çGÅ»g~ZzgZyÅ¹™äzZápgŠ|Y0+ZgZzg{%zV»_·HY@*ìXF,¹5+k,̃´~âj1CWßŠÏ
Zq-(,ZXìZzg{mîgÐZỹ´~@*d0*Ê-,çG~Zq-ç**uuJ-ZŸ†ƒZìX�āW‚ãÐ¹c*Ýw5+k,7

ƒD÷XZzgt0*Ê-,çGûkºCâŠzVÆîg6,¦ƒDYD÷ÔXÅzzÐâj1C)baZƒD÷Zzg»°²ā
J-¯¹ƒñZKZ-qª~¶gT÷X0*Ê-,çGÆ̂kº]ÅzzÐaZƒäzZáYVÅY+$úZòËZg~

Zzg¡÷ÃÃ~gnpƒñ‚0ZVZkÃÒ~Ñ÷āZ,0*Ê-,çG»gGYN�§Cîg6,Ýw5+k,ƒVX

§C¹Zq-ŠgC¿ìT~**xC%·]Å¹ƒ™)v0+{‚Š{%·]qÝƒD÷X!*Ç
evi+"5ÿ GE0*Ê-,çGÅ§C¹Ð‚Š{%·]qÝƒD÷ZÏ§bz{Šzu}ŠvZbZY~}»g0Ô**>zXZzg÷Æ

‚Š{%·]~psƒD÷X¬xîg6,t§C¹§C™{~ñ�ŠpgŠ|Y0+ZgzVÅæŠÐZ�x0*CìX

(Aims) £œ 8.1

CYÃ!*Çevi+"5ÿ GE0*Ê-,çGÆ¬gszZlxÅ¥â]ŠbXŠgCîg6,0*ñYäzZá!*Çevi+"5ÿ GE0*Ê-,çGk

)Zvz0*Ê-,çG(ÐzZ�™zZ**X!*Çevi+"5ÿ GE0*Ê-,çGÆpZmC**X@*dc*¡¦§»C)Ýà0*Ê-,çGkÐ0¥â]�ÛZë
(Zzge¤/~Ws0*Ê-,çGZ,̂cìÃgñá Mw (Ô[Zz‰‚@ziy) Mn ™**XZ‰à0*Ê-,çG»¬gsŠbX�Zz‰‚@ziy)

zZã™**X

!*Çevi+"5ÿ GE0*Ê-,çGkÆZlx 8.2

¬xîg6,!*Çevi+"5ÿ GEÃŠg`fs)oV~„HY@*ìX

ŠgCîg6,0*ñYäzZá!*Çevi+"5ÿ GE0*Ê-,çGk)Zvz0*Ê-,çG( 8.2.1
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ŠgCîg6,0*ñYäzZá!*Çevi+"5ÿ GE0*Ê-,çGkm@*]~ZyÆ§CŠzgÆZ%Zi~%0*D÷X¬x
îg6,t{%{Åñ�ŠÏ~iî~›úÆ0*Ê-,çG‚i~ÐqÝƒD÷Xm@*]~t§C3~Zq-ë{¿ÅæŠÐ

»gƒD÷X}0*àóZàÔ6,z”ÔÙs0*«z){X

0*àóZàk 8.2.2

0*àóZà}_5Ò3ð GGßiZzgZ6gatŠgCîg6,0*ñYäzZá0*Ê-,çG÷XÅW‚ãÐ¹ƒ™»g0eZðW‚àÔ
ÔXanthan 0*ãz){ú0*D÷XZÏ§b¼ë{»g1;àgf$ÔÙc*Zzgí0+ÅæŠÐqÝƒD÷}

z){XZk§bÆ0*Ê-,çG~Zq-Ðic*Š{nÆ»g1;àgf$Z»×Vñ�ŠƒC÷XZ6gat0*Ê-,çGì PullulanÔCurdlan

�÷á}.ZgZzgé0*Ê-,çG!*nKMZâÖ"5½54è
FGHGEZzgZâÖiÐ¯ƒ@*ìX�Zq-„nÆ»g1;àgf$‰ÃiÐqÝƒD÷X

ŠgCîg6,0*ñYäzZá0*àƒà 8.2.3

¬xîg6,t)i5+k,ƒD÷ZzgZ7¹G¯Y»c*7YYXZ7ŠgCîg6,0*ðYäzZàqª~„

ZEwHY@*ìXg8ŠZg6,z”}ZzyÔyz){ÎÀzVÅÅ~ZEwHY@*ìXZy~ñâ%Zq-ºm

F,KM~ñ�ŠƒD÷X

Ùs0*àZ7k 8.2.4

tŠgCîg6,0*ñYäzZá0*àZ7kƒD÷�¬xîg6,ºmÙc*ÅæŠÐqÝƒD÷XÎW‚ã
Ð¹c*»™Šz!*g{ZEw~Ñc*YYìX¬xîg6,têñö8!*Ç0*Ê-,çGkƒD÷XZy!*Ç0*Ê-,çGÅS:]»Z®g

(Zq- PHB 0*Ê-,çGÅ�#ÖÔZÇ¤/z\ÅâÎZzg0*Ê-,çG~ñ�ŠŠvZbZYÅñ�ŠÏ6,ƒ@*ìX}0*àgC;àgzËç¢f$)

e¤/~
_5Òh4ø GGƒ@*ìX 180 N̂kƒ@*ìT»$©�î EG

0»î
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!*Çevi+"5ÿ GE0*Ê-,çGÆpZm 8.3

!*Çevi+"5ÿ GE0*Ê-,çGtªx5+k,Zzg0*GZgƒD÷XTÅzzÐZ7ZqzV~ZEwHY@*ìXZ7

ZEwÆˆ~Ãh}Æîg6,²Y@*ìÂZyÅ¹W‚ãÐƒYCìX0*Ê-,çG~»g0Zq-Zëbƒ@*ì&W‚ã
ÐiîÐ´u{7YY®Z¥¿ZkiîÆZ!òzÐÑzqƒ@*ìX¬xîg6,¥¿0*Ê-,çGÆZq-u}Ð

6ð¿Ôâg~ÃúVc*pgŠ|Y0+ZgzVÅzzÐZ�x0*@*ìX§»C¹0*Ê-,çGÅ0*ãÅY+$gÉc*¤/m,™äÅ
&¢A6,«ƒCìXW[¤/m,0*Ê-,çGÔ{%zVÅæŠÐW‚ãÐ¹7ƒDXZŠzc*]Æîg6,ZEwƒäzZá

!*Çevi+"5ÿ GE0*Ê-,çG»)iCÙÞƒ**¢zg~ìX}W6,cÆŠzgZyZEwGYäzZáŠJÐÔµ54ið GFwÆpwz){�¹

Æz‰ÜJ-ªx5+k,g÷ZzgZyÅ¹ÅÑbZ(g~gìXZÏ§bz{KãŠÃ¦&¢AÃvy:àñXZzgŸ~

¹ƒäÆˆqÝƒäzZá%·]Ì)iCÙYƒVXZŠzc*]Æîg6,´`~ZEwƒäzZá0*Ê-,çGÅ¹Å

Ô{%zVÆZg‚iÔ0*ãÅlZgÅæŠÐW‚ãÐ pH ÑbŸÆoƒz~¢zg]Æˆ[Ðƒãe’X&

¹HYnX

@*dc*¡¦§»C)Ýà0*Ê-,çGk 8.4

Zk§bÆ0*Ê-,çGbz~c*åîg6,6ð¿ÐqÝKYD÷XtŠgCîg6,0*ñYäzZá0*Ê-,çGkÐ

(¬xîg6,ŠgCîg6,0*ñYäzZá0*Ê-,çG6ƒ@* Functional group x¹gnp÷ªZy~ñ�Š·Z¤/z\)

(ÔŠJCÓO¬ïÅñ�ŠÏc*g8-ÆUÐqÝƒäzZá0*Ê-,çG§jÐ Condensation ìXZy0*Ê-,çGÃ&»43§ö
GI

G
E

¿)

»gHY@*ìX

Z‰à0*Ê-,çG 8.5

t¬xîg6,**xC0*Ê-,çGƒD÷�',¹gzÆñÝƒD÷Xt%·]ŠJÂVÅ§b',tÆZiñÝÌƒMh

÷c*Q4ñÝÌXZ‰à0*Ê-,çGÃŠzu}ñÝâŠzVÆ®Ẅ‚ãÐ»gHYYìXt¬xîg6,êñ0*87ƒD
÷XZyÅ',¹S:]Ã@*d§jZzgZ_Og~2ÅæŠÐ'×h+4¯c*YYìXZd',tgzZV**xC%·]¬xîg6,

',¹!*gŠZgë{%·]ƒD÷X)I÷7~)‘z‚"1¹Óë JGZk,zz(%·]ÐqÝƒä0*Ê-,çG~¹ic*Š{

Z‰qzZá»
!5Ò5½mø

FG¯äÅ&¢AƒCìXZyÐqÝƒäzZá¼%·]Î6,,ËÌƒD÷XWgµ45ë Y
GE

(tZ‰à0*Ê-,çGÅZq-nìT»ZEwW`ÀKz~z){~ƒg;ìX OLED ÑV$Z)eZÇe)
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¼Wgµ45ë Y
GEZ‰à0*Ê-,çG:

‘zKzZá ‘zK)zZá }u~ñ�Š

÷zZá

)÷§8-~(

**>zXzZá

)**>zX§8-~(

0*àåÇ¢54ø
E

GE

Z
#-£Ó4è
GG

GEeZ-gå-@ 3,4 0*à

0*à0*],zÖ

0*à»g!*izÖ

0*àZ&+ZizÖ

0*àjgß

0*à
¢545Ò54ø

E
GEGGE

0*à0*Jß

Zk,zz§8-

)÷§8-Ð!*CÙ( )**>zX§8-Ð!*CÙ(

0*à8X¢45ÿ
E

GEÏà 0*àZ**A

(Mw (Ô[Zz‰‚@ziy) Mn �Zz‰‚@ziy) 8.6

0*Ê-,çGÆpZmZyÅ‚ÓCSÔ�#ÖZzg‚|#6,«ƒD÷X0*Ê-,çGÆ‚@ziyÅ¥â]¹ZÌÅqï

ìYèZyM‚@%“~ZyÆ8pZm0*Ê-,çGÆ‚@ziy6,«ZW,Z0+ZiƒD÷X}0*Ê-,çGiîÅ̧]Ô$©�î EG
0»îz){X

0*Ê-,çGÅ@*;ÆŠzgZy0*Ê-,çGiîÅ%‚ÓCSÃ�gZz‰ªCÙHY@*ìXŠgCîg6,0*ñYäzZá0*Ê-,çG}6,z”~

0*Ê-,çGÅ‚ÓCS»ç6ðZzg8 ñ�Š0*Ê-,çGÅiîÅMð7VZzgHgƒCìX0*Ê-,çGÅSÃŠz§bÐCc*Y@*ìX
(Mw ()2([Zz‰‚@ziy) Mn §hVÐHY@*ìX)1(�Zz‰‚@ziy)

(: Mn �Zz‰‚@ziy)
ÐªCÙ Mn �Zz‰‚@SÅæŠÐ0*Ê-,çG‚ã~ñ�ŠfgZ]Å¥â]qÝƒCìX�Zz‰‚@ziyÃ

HY@*ìX  calculate HY@*ìZzgZÐfs~ŠØ‰Ÿ‚ÅæŠÐþ

‚@ziyìX Mi ‚>VÅ®ZŠZzg Ni T~

(: Mw [Zz‰‚@ziy)

ziyZz‰‚@SÅeöÐ0*Ê-,çG‚?ÅS»Z0+Zi{ƒ@*ìXZÐŠg`fsÃgñáÅæŠÐ¥xHY@*ìX
‚@ziyìX Mi ‚>VÅ®ZŠZzg Ni T~
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e¤/~Ws0*Ê-,çGZ,̂c 8.7

ÐªCÙHY@*ìZzgŠg` DP t0*Ê-,çG‚?Æ�Zz‰‚@ziyZzgñâ%Z»ðÆ‚@ziy»ÚƒƒCìXZÐ

fsgc*MC)zZ]Ð¥xHY@*ìX

B@*ìX&Šg`fs)zZ]Ð (PDI) [Zz‰‚@ziyZzg�Zz‰‚@ziy»Úƒ0*àe4;Z&+o
¥xHYYìX

(Learning Outcomes) Zõ!}ò 8.9

ZkZ»ð~CY!*Çevi+"5ÿ GE0*Ê-,çGZzgZyÅZlxÆ!*g}~¥â]qÝÅX'×h+ŠgCîg6,0*ñYäzZá!*Çe

Zzge¤/~ (Mw) Ô[Zz‰‚@ziy (Mn) vi+"5ÿ GE0*Ê-,çGk)Zvz0*Ê-,çGk(Æ!*g}~ÌYïg~qÝÅX'×h+�Zz‰‚@ziy

Ws0*Ê-,çGZ,̂cìÃgñáÆ!*g}~»°¥â]qÝÅX

(Key Words) ã~ZÖp 8.10

tŠgCîg6,YäzZá0*àZ7kƒD÷�¬xîg6,ºm"5¿.ç EGHc*ÐqÝƒD÷X "5¿.ç EGH"5ÿ GE0*à¢au: .1

ŠgCîg6,0*ñYäzZá!*Çevi+"5ÿ GE0*Ê-,çGkX Zvz0*Ê-,çG: .2

0*àóZàŠgCîg6,0*ñYäzZá0*Ê-,çGìXÅW‚ãÐ¹ƒ™»g0eZðW‚à0*ãz){ú 0*àóZàk: .3

0*D÷X

(Model Examination Questions) %:ZJãÎZÑ] 8.11

(Obejctive Answer Type Questions) czè�Z!*]ÆqïÎZÑ] (A)

9�Z[Å¶K0+„ÙX

¬xîg6,t§C¹§C™{~ñ�Š‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰ÅæŠÐZ�x0*CìX .1

(Zy~ÐÃð7 d) (m@*] c) (W!Y0+ZgzV b) (pgŠ|Y0+ZgzV a)

‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰ŠgCîg6,0*ñYäzZá!*Çevi+"5ÿ GE0*Ê-,çGkÅVB÷X .2

(tƒ d) (Ùs0*« c) (6,z” b) (0*àóZà a)

_5Ò3ð GGßiZzgZ6gaW‚ãÐ¹ƒ™‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰Ô0*ãz){ú0*D÷X .3

(»g0ñâW‚[+ d) (**>zX c) (»g0eZðW‚à b) (Wx a)
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Z6gat0*Ê-,çGì�÷á}.ZgZzgé0*Ê-,çG!*nKM‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰Ð¯ƒ@*ìX .4

(âwi d) (ZâÖ
"5½54è
FGHGEZzgZâÖi c) (Z®ziZzg™i b) (~âí a)

g8ŠZg6,z”}ÃZzyÔy‰‰‰‰‰‰‰‰‰‰‰‰‰‰ÅÅ~ZEwHY@*ìX .5

Zy~ÐÃð7 (d) (gùV c) (7c*] b) (ÀzV a)

(»$©�î EG
0»î‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰e¤/~

_5Òh4ø GGƒ@*ìX PHB 0*àgC;àgzËç¢f$) .6

230 (d) 180 (c) 120 (b) 70 (a)

Z‰à0*Ê-,çG',¹gzÆ‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰ƒD÷X .7

(tƒ d) (4ñÝ c) (ñÝ b) ()ñÝ a)

(t‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰0*Ê-,çGÅZq-nìX OLED Kz~~ZEwƒäzZÑWgµ45ë Y
GEÑV$Z)eZÇe) .8

(ŠgC d) (4Z‰à c) ()ñÝ b) (Z‰à0*Ê-,çG a)

�Zz‰‚@ziyÃ‰‰‰‰‰‰‰‰‰‰‰²[Zz‰‚@ziyÃ‰‰‰‰‰‰‰‰‰‰‰ÐªCÙHY@*ìX .9

Mw (d) Mn (c) Mw Zzg Mn (b) Mn Zzg Mw (a)

[Zz‰‚@ziyZzg�Zz‰‚@ziy»Úƒ‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰‰B@*ìX .10

(ziãÚƒ d) (0*àZ
_54hÓ4-ö

FG
I

GHZ&+o c) (0*àg&½3ð G
Y

G8KZ&+o b) (0*àe4;Z&+o a)

(Short Answer Type Questions) ¿�Z!*]ÆqïÎZÑ] (B)

SzV~É
ÀŸ/õGX 10 fsÆCÙÎZw»�Z[

ŠgCîg6,0*ñYäzZá!*Çevi+"5ÿ GE0*Ê-,çGk)Zvz0*Ê-,çG(6,âÉ̂ÀŸ/õGX .1

Hì?Ãgñ!ÉÀŸ/õGX PDI .2

0*àóZà¾nÆ0*Ê-,çGìÔâÉ̂ÀŸ/õGX .3

ŠgCîg6,0*ñYäzZá0*àƒà6,¿âÉ̂ÀŸ/õGX .4

@*dc*¡¦§»C)Ýà0*Ê-,çGk6,âÉ̂ÀŸ/õGX .5

e¤/~Ws0*Ê-,çGZ,̂cHìXÃgñ!ÉÀŸ/õGX .6

(Long Answer Type Questions) îs�Z!*]ÆqïÎZÑ] (C)

SzV~É
ÀŸ/õGX 30 fsÆCÙÎZw»�Z[

!*Çevi+"5ÿ GE0*Ê-,çGk»¬gsÒyÙX .1

Z‰à0*Ê-,çG6,×âÉ̂ÀŸ/õGX .2
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!*Çevi+"5ÿ GE0*Ê-,çGÆpZm6,gzÝeZaX .3

(6,âÉ̂ÀŸ/õGX Mw (Zzg[Zz‰‚@ziy) Mn �Zz‰‚@ziy) .4

(Suggested Books for Further Readings) '×h+_¬Æa?m,™Š{ÂÁ 8.12

1.  Advanced Organic Chemistry by Bahl and Bahl.

2.  Advanced Chemistry by Dr. Mazhar Farooqui.

3.  Organic Chemistry by Jonathan Clada.

4.  Organic Chemistry by RT Morrison and R.N. Boyd

5.  Organic Chemistry Volume I &II by I. L. Finar
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»ŠÂx 9.2.5

ÂxÅ)È 9.3

ë½Âx 9.3.1

)ë½Âx 9.3.2

ÂxÅqª 9.4

State functions and state variables 9.5

wkZzg)wk¿~ñZi: 9.6

w***Zg¿ZzgxëŠ¿ÆŠgxyñZi: 9.7

wZg]Zzg»x»Ãt 9.8

ëŠZzg)%Zóîg6,HŠH»x 9.9
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(Preface) ā 3.0

Æ!*g}~¥â]Š,ÐX (Thermodynamic) ZkZ»ð~ëW\ÃwwH] .1

ZkZ»ð~W\wwH]~ZEwƒäzZàZ˜bÃY3ÐX .2

wwH]Æ¬‡ây»_·™,ÐX .3

»xZzgÂZ**ðÅZ»×VÔZUkÅZ»ð¥x™,ÐX .4

�wå\»ZW,Zzg™as»‡âyÌ7,³ÐX .5

ZkZ»ð~WäzZáŸ�V6,«ÎZÑ]i™,ÐX .6

(Introduction of Thermodynamic) wwH]»¬gs 9.1

»ZÝÈwZgCÂZ**ð»·îìXpW`ÆZk].h+Šzg~wwH]~ÜswZgC (Thermodynamic) wwH]

ÂZ**ð»_·„÷áï7ÉÓxÂZ**ð~ƒäzZàp=V»-_·™**÷áïìX

ÂZ**ðÅÎÌZlx÷QyƒÂZ**ÇV»!*bnŠ!HYYìXVwÆîg6,ŠzßzVÃZq-Šzu}Ðg¥/™wZg]aZ
™**Ô}oÂZ**ðÃwZgCÂZ**ð~ps™**ìXwwH]Æ̧Z2»Z:t¯VÂñV)X~‚Ó]Å(,~®ZŠ÷áïƒC
ì(~ƒäzZàÂZ**ðÅp=V6,ƒ@*ìXpgŠ|ÂñV~P‚Ó]÷áïƒD÷XwwH]»ZkÐÃðuz»g7āt
ÂZ**ðp´VùZzg¾ÑbÐƒg„÷XÉ�Âxpsƒg;ìZkÅZ’ZðZzgZ!òqpV6,«ƒ@*ìXwwH]Æ̧Z2»
Z:tÜsZÏz‰Üƒ@*ìZ#Zq-ÂZiyqªÐŠzu~ÂZiyqª~Ñ•™}X

Zk!*[~wwH]Æ¼ãCŠ~¦gZ]»¬gsHŠHìXwwH]~ÂZ**ðÅp~c*gœz$+wÔŠ!*Cx@Z]ZzgZy

Æ̧Z26,̈g™**ìZzg-¥â]qÝ™**÷áïìXZ#Ëz~ZgïPìÂwZgCÂZ**ð»ZyZ`ƒ@*ìXZ#¸

ZgïZ”~PìÂ}oÂZ**ðwZgCÂZ**ð~psƒCìX

(Thermodynamic State) wwHCqª 9.2

ëŒV6,6ð¬5]ZzgZy¬5]~ƒäzZàÂZ**ðÅp=V»-x@{™,ÐXZyÂZ**ðp=VÃlZg~̂

~ªCÙ™äÆa…ZkÂxÃT»x@{HYg;ìZÐ»Ñ]Æ!*¹{Ð´u{™**ƒÇXZyƒÃKÐ¬wwH]

~¬xîg6,ZEwƒäzZà¼Z˜q]ÅzŸs#Ã'¢zg~ìX

(System and Surrounding) ÂxZzgâjw 9.2.1

»Ñ]»zT»wwHC_·HY@*ìQÐÂxë÷XVwÆîg6,Ù~ƒäzZá¬5]X

:ÂxÃgh™»Ñ]Æ†{Ãâjwë÷X}ÙÆZ§ZsÅƒZX (Surrounding) âjw

(Universe)þ »Ñ] 9.2.2

ÂxZzgâjwÆZ½qÃ»Ñ]ë÷XZq-uuc*Š-Zg�ÂxZzgâjwÆŠgxy~ƒCìXtŠ-Zg,&ZµZµn
ÅƒC÷XZq-z{ƒCì�ÂZ**ðZzgâœ{ŠzâVÃâjwÆ‚Bp~ÅZYi]ŠîìÔŠzu~nŠ-ZgÅz{ì�Âx~ñ�ŠÂZ**ð
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ÃâjwÆ‚BpsƒäŠîìZzgZkÅŠ~nz{ì�Âx~Ð:ÂÂZ**ðpsƒäŠîììZzg:„âœ{ÃpIƒä
ŠîìXZÏãCŠ6,ÂxÃ&)oV~„HŠHìX

(Open System) îÂx (a)

Z(ÂxTÅÂZ**ðZzgâœ{ŠzâVÅp~âjwÆ‚BeƒCìÔQÐîÂxë÷X}Ù~g3ƒZ¤/x0*ã�âœ{
Ã¸\Å̂~ZzgÂZ**ðÃwZg]Å̂~âjwÐps™@*ìX

(Close System) ÈÂx (b)

Z(ÂxT~âjwÆ‚BÂZ**ðÅp~eìpÂxZzgâjwÆŠgxyâœ{»ÃðIŠ!e7ìVwÆîg6,
ÈÙ~g3ƒZ¤/x0*ãX

(Isolated System) »ŠÂx (c)

0*ãX Z(ÂxTÅÂZ**ðZzgâœ{ŠzâVÅp~âjwÆ‚Be7ƒCìXZÐ»ŠÂxë÷X}êâk~g3ƒZ¤/x

ÂxÅ)È 9.3

ÂxÃˆÅãCŠ6,Šz)oV~„HŠHìX

(Homogeneous System) ë½Âx 9.3.1

Z(ÂxT~ÜsZq-„ˆ0*ðYCƒc*�Óx4V~7Vƒ@*ìóQÐë½ë÷X}ZuV»Wö{c*
0*ã~5ƒZ#XZ#0*ã~#Ã5c*YñÂ#0*ã~7g~§bÐiƒY@*ìZzg7g}²wÅ7V̂ƒYCìZ,²w

Ãë½Âxë÷X

)ë½Âx: 9.3.2

0*ðYC÷XQÐ)ë½Âxë÷X}0*ãZzg%»Wö{aè0*ãZzg (phase) Z(ÂxT~Šzc*ŠzÐiZZ+ˆ

X÷XZÐ)ë½Âxë÷X phase %Zq-Šzu}~i5+k,7ìZzgZyŠzâVÃZ#Zq-†k~1YñÂŠzZµZµ

þ(The State of the System) ÂxÅqª 9.4

ÔŠg<îE0wZg] (Pres sure) S:]}Š!*î (Macroscop ic) Z#ËÂxÆ(,}eä6,**8YäzZà
Å7»ŠƒCìÂQÐÂxÅqªë÷X (No. of moles) ZzgÀ‚>VÅ®ZŠ (Volume) Ôw (Temprature)

{÷VÆfg)ÒyÅYCìXZq-’Å (Bulk) Zq-wwH]ÂxÅqªZkÅqªSkÅ‡.Þeöc*¯V

z){ÃC™ÒyHYYìX (n) À‚>VÅ®ZŠ (Temprature) ÔŠg<îE0wZg] (Volume) Ôw (Pressure) qªÃQkÆŠ!*î
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ÔqªoZ]c*qª·´]BD÷XYVāZyÅŠg, (Variables) ‰oZ] Pressure ÔTemprature ÔVolume

ÂxÅqª6,«÷XZk!*]6,7āqª6,ÂxùàX

(Process)þ¿ 9.5

(Macroscopic xZq-qªÐŠzu~qª~psƒ@*ìQÐ¿ë÷X(,}eä6,**9YäzZàS:] Z#Â

~ËÌ§iÅp~Ã¿ë÷XwwHC¿ÅqgzfsZlx÷X Properties)

(Isothermal Process) ëŠ¿ (a)

Zq-qªÐŠzu~qª~psƒCìXZkp~Æz‰ÜÂxÆŠ~Ãðp~7 (System) Z#ÃðÂx

ƒCc*ÂxÅŠgzwZg]vƒ@*ìXQÐëŠ¿ë÷X

#ƒCìX ∆T ëŠ¿~p~

(Adiabatic Process) w***Zg¿ (b)

ë÷XZÏaw***Zg¿~ (Adiabatic Process) Z(¿T~ÂxÅwZg]xƒCìQÐw***Zg¿

(Closed Insulated Container) ***Zg¿ÃÈZ²Å545å GHGHÙ ïÆŠzgZywZg]:Â!*CÙÇìZzg:„_.[ƒCìX¬xîg6,w ¬
~HY@*ìX

(Isoboric Process)þ wêh+¿ (c)

Z(¿T~ÂxZq-qªÐŠzu~qª~psƒDz‰ÜÂx»wxƒ@*ìQÐêh+¿ë÷XZq-È

k[~ƒäzZÑgáLO¿ZkÅ4+VwìX

(Isobaric Process)þ Š!*îêh+¿ (d)

Z(¿T~Âx»Š!*îZq-qªÐŠzu~qª~psƒDz‰Üxƒ@*ìÔQÐŠ!*îêh+¿ë÷X

(Reversible) þ wk¿ (e)

Z(¿T~̧]¿Zzg#³̧]~Z•ðÁ�Ûtƒ@*ìZzģ]æZf~ZŸ†™äÐ¿Å‚wkÅY$Ëì
QÐwk¿ë÷X

~gT÷X (Equilibrium) wk¿~p~Z•ðŠägëgÐƒCìXÂxZzgâjwåáZiy

wk¿Zq-ìà¿ìZzgZk¿Ãåƒä~ÑözŠz‰Ü4ìX

(Irreversible Process)þ )wk¿ (f)

÷X Z(¿T~̧]¿Zzg#³̧]~�Ût¹ic*Š{ƒ@*ìZzgTÅ‚ps7ÅY$ËìóQÐ)wk¿ë

¤/x—ÐQ~—Å§swZg]»vƒ**ÔNh6,Ð0*ã»¤/**z){)wk¿ÅPVB÷XÓxŠgCîg6,
ƒäzZáúZï)wk¿Æfg)ƒD÷X
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(Cyclic Process)þ ›zg~¿ (g)

Z#ÃðÂxZqpVÐ¦/g™Šz!*g{ZKZ-qª6,zZ:W@*ìÂQÐšzg~¿ë÷X

(Intensine Properties)þ ŠZ½pZm (h)

Z+S:]�ÂxÅS6,«7ƒC÷óQ¹ŠZ½S:]ë÷X}Šg<îE0wZg]ÔŠ!*îÔÑÄz){X

(Extensive Properties)þ ˆg~pZm (i)

Z+S:]�ÂxÅS6,«ƒC÷óQ¹ˆg~pZmë÷X}wÔÂZ**ðz){X

State functions and state variables (j)

ë÷X State Variables Zzg State Function Z+S:]�Âx»¬gs™ZäÆaZEwƒC÷Z¹
t¿ÆgZ56,«7ƒ'ÉÂxÆZ’ZðZzgZ•ðqª6,«ƒC÷X

State Z’ZðZÌÆqï (energy) ZzgÂZ**ð (mass) ÔS (volume) Ôw (temperature) Šg<îE0wZg]

~÷áï÷X Variables

wkZzg)wk¿~ñZi:þ: 9.6

)%Zó¿ %Zó¿

Zk¿Å‚ps7ÅY$ËìX Zk¿Å‚psÅY$ËìX .1

Zk¿~¸‹¿Zzg#³¸]~¹ic*Š{�Ûtƒ@*
ìX

Zk¿~̧‹¿Zzg#³̧]~ÁÐÁ�Ûtƒ@*
ìX

.2

ìX ¿ŠgCîg6,0*ñYäzZáÓxZqw~0*c*Y@* t t¿Vàƒ@*ìX .3

t!gëg¿ƒ@*ìX tNgëg¿ƒ@*ìX .4

Zk¿~¿Æåƒä6,ÂZiy0*c*Y@*ìX Zk¿~Óx%Zi6,ÂZiy0*c*Y@*ìX .5

qÝ7ƒ@*X (max workdone) Zk¿~ZW»x Zk¿~ZW»xqÝƒ@*ìX .6

w***Zg¿ZzgxëŠ¿ÆŠgxyñZi:þ: 9.7

(Adiabatic Process) w***Zg¿ (Isothermal Process) ëŠ¿

Zk¿~Âx»ŠgzwZg]psƒ@*gLìX Zk¿~Âx»ŠgzwZg]xgLìX .1

Z0+gzãÂZ**ðpsƒCgSìX Z0+gzãÂZ**ðxgSìX .2

âjwÐwZg]Åp~e7gS âjwÐwZg]Åp~egSìX .3

W = −∆E Q = W .4

ÂxwZg]îg6,Zµêƒ@*ìX ÂxwZg]îg6,Zµê7ƒ@*ìX .5
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(Concept of Heat and Work) wZg]Zzg»x»Ãt 9.8

wZg]ÂZ**ðÅZq-nìZzgtÂZ**ð»x™äÅ&¢AgBbìXwZg]»·îic*Š{Šg<îE0wZg]ÐÁŠg<îE0wZg]Å§s

ÐªCÙHY@*ìXZ¤/wZg]» (+Q) ÐªCÙHY@*ìXZ#wZg]Ë—Æfg)_.[ÅYCìÂQÐ Q ƒ@*ìXZÐ

ÐªCÙHY@*ìX (−Q) ZyZ`!*CÙƒ@*ìÂQÐ
µƒ@*ìXZzgZ¤/âjwäÂx6,»xHÂ»xtƒÇX»xÅ§bwZg]»Ì (work) Z¤/Âxäâjw6,»xHÂ»x

ìX (Interconverstible) _.[ƒ**Zzg!*CÙÂ_tÂxÆgZ56,«÷XwZg]Zzg»xZq-Šzu}Æ�Šw
ÂxÅp~wZg]Æ§j6,«÷X¿ÆŠzgZywZg]Åp~ÃYyDƒñÄ)Âx(ÆK‰»x»ˆ[

Îc*YYìp»xÐwZg]»ˆ[71YYìX

ëŠZzg)%Zóîg6,HŠH»x 9.9

ìZzgT~Zq-" A �ÛnÙZq-Z2Z:1ŠHXT»gK
g¥/Zzg"ziy]g{g3ƒZìXZ2Zä~Zq-Và’àˆìT»

ìX’Ã)%ZóZzgëŠ6,;c*YñÂ]g{Zz6,ÅY+$ 'P' Š!*î

ƒ@* dx J-ÄìXZzgUî Ð ?ØY@*ìXZkŠzgZy’

ìX

Zk¿ÆŠzgZyHŠH»x=Uî<¸]

W = F < dx

)Š!*î( Pressure = 
(Force) ¸]

(Area) gK
pÔ

w~p~

;îÆŠzgZy

ÂxÆfg)âjw6,»xƒ@*ìX ∆V = +Ve Zzg W = +Ve

iZîÆŠzgZy

Âx6,âjwÆfg)»xƒ@*ìX ∆V = −Ve Zzg W = −Ve

111



(Work Done in Vaccum)þ WiZŠ;îÆŠzgZyƒäzZÑ»x 9.10

WiZŠ;îÐ%ZŠ’»ÜY~ÛzãŠ!*îÅ°xñ�ŠÏ~;îƒ@*ìX

W = 0 Zka

     

Zk)zZ]ÐU*"$ƒ@*ìāWiZŠ;îÆŠzgZyHŠH»x#ƒ@*ìX

µƒÇZzgÂxÆfg)»xHY@* ∆V ƒÂ qgz!*Ñ)zZ]Ðt!*]zZãìā’ÅÂWÆŠzgZy

Æ»xÃtŒY@*ìZzg˜cÆ»xÃµŒY@*ìXóä (expansion) Æ_.ÔÂW IUPAC ìX

tƒYñÇXZÏÐ»xµƒÇX ∆V ƒÂ ÆŠzgZy (compressable)

~’YCìÂ’6,ÎñYäzZÑÛzãŠ!*î#ƒ@*ìX®ZSgŠ¤/ŠÅ’ÐÃð»x7 (vaccum) Z#’Ü
HY@*ìXZÏ§bÂxâjw6,Ãð»x7™}ÇX

(Concept of Maximum Work) ZW»x»Ãt 9.11

qÝƒ@*ìX%Zó¿~̧‹¿Zzg (Maximum Work) Z#ëŠZzg%Zóîg6,ÃðVà’ÄìÂZW»x

¸‹æZf~¹Á�Ûtƒ@*ìXZzgt¿F%Zi~ƒ@*ìXZ#Š!*îZzgwÆŠgxyF,®sYCìÂ¶Ky™Š{gK¥x™ä
ÐHŠH»xC[ƒ@*ìX)%Zó¿Zq-„%µ~ðƒ@*ìXZka¶Ky™Š{gKÌÁƒ@*ìp%Zó¿F%Zi~

ðƒ@*ìXZka¶Ky™Š{gKÌic*Š{ƒ@*ìªëŠZzg%Zóîg6,K‰¿ÆŠzgZyZW»xqÝƒ@*ìX

ëŠZzg%Zóîg6,K‰»xÅ)zZ]:

ìXZk 'P' �ÛnÙZq-Z2Z:~ñÖVà’ÅˆìXZ2Z:~Zq-"g¥/Zzg"ziy]g{g3ƒZìXT»Š!*î
Š!*î~ðh~Ï¶ÅYCìZzgw~ðhZ‚ZŸ†ƒ@*ìXZkaHŠH»xÔ

w~p~<Š!*î=HŠH»x
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"u©àƒD÷XZkaQyÆqÝ¢[ÃÃZ0+ZiHYYìX dV Zzg dP aè

he6,Ô integration ÆŠgxy Zzg (limits) Šg`!*Ñ)zZ]Ã
9A+öEuzŠ~

‚Ó]Æa’)zZ]Æ_.Ô 'n' pVà’Æ

Å7gpp6,Ô P

xìZkaÔ nRT aè

~ps™ä6,Ô '10' Ã‡°{ 'e' ßÇgí‡°{

    ŒV6,Ô

T = ÇŠ
n = ’ÆñwÅ®ZŠ
R = ‚@’x       

Æ_.xŠg<îE0wZg]6,Ô Boyle's Law

   

113



(First Law of Thermodynamics) wwH]»ª‡ây 9.12

wwH]Æ&‡ây÷XëŒVÜs¬‡ây»_·™,ÐXZyÓx‡âyÆPpZmìX}ÓxwHC‡ây

ttŠ/6,«ìZzg¬@R6,CÙ(CÙz‰ÜZÐtHŠHìXwwH]»ª‡âyŠg`fsì&’Y»‡âyÌë÷X

LLÂZ**ð**ÂaZÅY$ËìZzg:„+ÅY$ËìpZq-nÅÂZ**ðÃŠzu~nÅÂZ**ð~psHYYìXóó

Z#Zq-nÅÂZ**ð»ƒDÃWCìÂŠzu~nÅÂZ**ðZâ„lZg~z�Š~WCìX (i)

»Ñ]Åù¦ÂZ**ðxƒCìX (ii)

»ŠÂxÅ]SZzgÂZ**ðxƒCìXËÌáÃ%ÂZ**ðqÝK»x™**ŠØZgìX (iii)

Z#ËÂxÃÂZ**ðŠ~YCìÂQk»ZEwÂxÅZ0+gzãÂZ**ð~ZŸ†ÆaZzg»x™äÆaƒ@*ìX�ÛnÙā

™äÆaZEwƒ@*ìX (W) Zzg†z»x (∆E) úg~ÂZ**ð_.[ÅXZk»¼8~î OZ0+gzãÂZ**ð 'q' Zq-Âx~

_.[”{ÂZ**ð=HŠH»x+Z0+gzãÂZ**ð

gzZî´‘þ: 9.12.1

µƒ@*ìX q ÂxÆwZg]_.[™ä6, .1

tƒ@*ìX q Z#ÂxwZg]{g`™@*ìÂ .2

µƒ@*ìX W Z#ÂxÆfg)»xHY@*ìÂ .3

tƒ@*ìX W Z#Âx6,»xHY@*ìÂ .4

»xZzgÂZ**ðÅZ»×V 9.13

ƒÏX lit. atm ~1YñÂ»xÅZ»ðZq- atm Z¤/w~p~{~àˆìZzgŠ!*îÃ {cð:
1 lit atm = 24.22 cal

ÃAÐ¿™CìÂ 1 cm ¸] 1 dyne Âx~Z»ðZgvƒCìXZ# CGS }éîg6,K‰»xÅ Zgv:
ƒ@*ìX 1 Erg HŠH»x

ÂZ**ðÃúg~~ªCÙHY@*ìX

t',¹ÂZ**ðÅZ»ðìXZkÃ}é5wwZgCÂZ**ðÌë÷X�wK‰»xZzgÂZ**ðÅZ»ðƒCìX �w:

(Enthalpy)þ ZUk 9.14

ë÷XZk¿~Š!*îZzgwÆfg)qÝ Enthalpy ÐªCÙHY@*ìXÂxÅù¦wZgCÂZ**ðÃ 'H' ZUkÃ
ÅÂ̂Z**ð÷áïƒCìX/ZÖºŠvZUktZ0+gzãÂZ**ðZzgŠ!*îÐqÝHŠH»xÅ¦ƒCìXZkÅ)zZ]qgzfsìX

114



ZkwwH]Æ¬ZßwÃZZ0+Zi~7HY@*ìX

H = U + PV

U = Z0+gzãÂZ**ð H = Enthalpy

V = w P = Š!*î

ƒ@*ì (Exothermic) Z#¬ï”{ÅZUk¦qÝ”{ZUkÐic*Š{ƒÂÂZ**ð{g`ƒCìZzgÂxwZg]]V

µƒ@*ìX ∆H ƒ@*ìXZk¿~ endothermic Zzg¿wZg]pg

~m: ∆H Zzg ∆U 9.14.1

ZzgZk~0*ñYäzZá} w ~psƒ@*ìXZ’Zðqª~ZkÂx» qª B qªÐ A �ÛnÙÂx

0YCìX Zzg‚>VÅ®ZŠ ~psƒ@*ìÂZk»w 'B' ƒCìXZ#Âxqª ‚>VÅ®ZŠ
ZUkÅ°pÅgóZÐÔ

H = U + PV

ƒCìX ZÏ§bZ•ðqª~ÂxÅZUk

pÔ

Z,¡¬ïêŠX~̂kZzgâù„¬ï™D÷ZzgX~Š!*îêŠƒ@*ìXQy~Ô

ZÏa

ZzgŠ!*î (volume) Ôw ÔZ’ZðqªÂxÅZUk �ÛnÙZq-Z(ÂxT~�CÙÅ®ZŠ

ƒ@*ìXZÏaZUkÅ°pÆ_.Ô (pressure)

ƒÏX ZÏ§bZ•ðqª~ÂxÅZUk

0*c*Y@*ìX (pressure) ZzgŠ!*î (volume) Zzgw
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Và’Æaqgzfs)zZ]Š~ƒðìX

Zzg

)zZ]~gpp6,Ô (3) Zk)zZ]Ã

ìX ƒYìXZÏaps”{ZUkÔps”{ZÚ9ÂZ**ðÐÁÌƒ$Ëc*ic*Š{Ìƒ$Ë µÌƒYìZzgtÌ

xŠ!*îZzgxw6,‚@RöwZg] 9.15

Z#xw6,Zq-ñw’ÆŠg<îE0wZg]~Zq-e¤/~ (Molar Heat Capacity) xw6,‚@RöwZg]

ÐªCÙHY@*ìX v¤/f$»ZŸ†™äÆaŠg»gwZg]Ãxw6,‚@RöwZg]ë÷X

xw6,

xŠ!*î6,‚@RöwZg] 9.16

Zg] <îE0wZg]~Zq-e¤/~v¤/f$»ZŸ†HY@*ìÂZkŠzgZyŠg»gwZg]ÃxŠ!*î6,‚@Röw Zq-ñw’ÆŠg
ÐªCÙHY@*ìXñ�Š{wZg]~p~ZzgŠg<îE0wZg]ÆÚƒÃxŠ!*î6,‚@RöwZg]ë÷X ë÷XZÐ

dq = dH xŠ!*î6,

 

ÆŠgxym: Zzg

ek,-khe6,Ô H = E + PV ZUkÅ°pÆ_.

pëY…÷Ô

Zzg

�ÛnÙZq-ñwVà’àˆìXZkaVà’Å)zZ]
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PV = nRT

PV = RT     (n = 1)

ek,-khe6,Ô

~gpp6,Ô (1) )zZ]�

ƒÇX µƒÂ R ìXZ¤/ 8.314J Zq-}xìTÅ°Š R Z#ā

(Joule - Thomson Effect)þ �wXå\»ZW, 9.17

x@{~Wc*ìāZ#Ë’Ã)æZg—~ÐZ•ðiZZ+Š!*î6,¦/ZgZY@*ìZzgt’)æZgc*pgŠ|ÎgZpVÐ

;îÅzzÐ’ÆŠg<îE0wZg]~¤/Zz^ƒYCìXZk¿Ã (Adiabatic) ¦/gDƒñÜY~ÄìÂw***Zg

�wXå\ZW,¹Y@*ìX;àgzXZzg
45Í-ê
XGG’»¿ZkÆ',@ƒ@*ìªZ•ðŠ!*î6,Ë)æZg—Ð¦/g™ÜYc*ÁŠ!*îzZá

gÕ~Ì6,ZyZyuV»Šg<îE0wZg](,|Y@*ìpÁŠg<îE0wZg]6,t’ÌŠzu~uVÅ§b�wXå\ZW,Š3CìXZ(

ë÷XZÏa (Inversion of Temprature) Šg<îE0wZg]T6,t’ÜY~Ì6,uŠƒYCìQÐwÏŠg<îE0wZg]

ìX   wZg] Zzg
45Í-ê
XGG»wÏŠg<îE0 (Inversion of Temprature) ;àgzX»wÏŠg<îE0wZg]

ZzgŠzuZÌ@å\ (J.P. Joule) Y~Šgc*ÄHXª‚0ZVZ8�w 1850 �wXå\Š/ÃŠz‚0ZâVä
ìX (William Thomson)

uŠZW,}‚>VÅÂZ**ð!*ā•~¶zZµƒäÅzzÐƒ@*ìXÂZ**ð!*ā•~¶ÅZÝzz}‚>VÆŠgxy

ì�’Æ;îÆ‚B‚B(,kY@*ìX (Vander Wall force of Attraction) ƒäzZÑzhgzZw¯gkWsZR,½

Z#Ãð’Và’Å§b',@*î™CìQkz‰Ü�wXå\ZW,ƒÐÁƒ@*ìXZ¤/Zk$©�î EG
0ÃÐŠ¬YñÂZ#Và’Ã

XZÏaVàuV~zhgzZw̄gk (q = 0) ~;c*YñÂwZgCÂZ**ð:Â_.[ƒCìZzg:„!*CÙÇì (vaccum) ÜY
~;c*Y@*ìA$Ãð»xgzú7ƒ@*Yè;îÆ#³ (vaccum) ¹„Á0*c*Y@*ìXZkÆ´z{Z#Và’ÃÜY~

Åcz~ (First Law of Thermodynamics) twwH]Æ¬‡ây (W = 0) ‚~Š!*î#ƒ@*ìXŠzu}ZÖp~

ZÏaZ#ÃðVà’ÃÜ~w***Zg¿~;c*Y@*ìÂZkÅZ0+gzãÂZ**ð~Ãð$+Ñî7ƒ@*X (∆U = 0) ™@*ìX

Šzu}ZÖp~}ÂxŠg<îE0wZg]6,Và’ÅZ0+gzãÂZ**ð’Æw6,«7ƒCX

Šg<îE0wZg]ÁHY@*ìXZÏ§bZkZW,»ZEw™ÆƒZÃâùÅ (Refrigerator) �wå\ZW,Æfg=rh+~¬Ý
qÝKYDìX (Ideal gas) qª~ps™MhìZzgƒZ~ñ�ŠVà’
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(Law of Kirchoff)þ ™as»‡ây 9.18

xŠ!*î6,ËÌ¬ïÅ‚@RöwZg]~p~twZg]¬ï~p~ÆŠgzwZg]ÅÑbÆ)z~ƒCìZk

»‡âyë÷Xc* Kirchoff ‡âyÃ
xŠ!*î6,¬ïÅwZgÂV~p~xŠ!*î6,qÝZzg¬ïZâYÅ‚@RöwZgÂV~�ÛtZzgŠ~�ÛtÆqÝ

¢[Æ)z~ƒCìX

xŠ!*î6,

xw6,

t)zZ]xw»xŠ!*î6,¬ïÅwZg]6,Š»ZW,¯CìXt)zZ]wc*xŠ!*î6,Š~°e¤/~p~Æa

qÝZzg¬xZâYÅ¬ïÅwZgÂV~p~Zzg‚@wZg]RöÆŠgxymÃªCÙ™CìX

™asÅ)zZ]xŠ!*î6,‚@RöwZg]¬ïZzgŠg<îE0wZg]ÆmÃŠîCìX�ÛnÙX

Zq-6ð¬ïxŠ6,ƒ@*ìX

¬ïZâY qÝZâY
!*nKMqÝZzg¬ïZâYÅñ�Š{wZg]ìXA$ZUk~p~qgzfsƒÏX Zzg Zq-xŠ6,

6,¿™ä6,xŠ!*î6,Ô TŠ

pxŠ6,

Zka

Zk§bèY$ËìX (3) qÝZzg¬ïZâYÅRöwZg]ìX)zZ] Zzg ŒV

™ä6,Ô Integrate uzŠÆŠgxy)xp~¥x™äÆa(Š Zzg )zZ]ÃŠ

6,¬ïÅwZg]ìX Zzg xŠ!*îZzgŠ Zzg ŒV
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/ŠgzfsÅZ»ðpsÙX
~psÙX Kcal Zzg Cals Ã 2.5 lit atm (1

i:

Zzg�w~psÙX erg Ã 7.9 cals (2

i:

~psÙX lit atm Ã 5.249 Kcal (3

i:

: (Important Formulas) ZëŸÆ

119



: (Solved Numerical Problems) i”{°Š~VB
{J-;c*ŠHÂHŠH»xC[ 35 {Ð 10 cðŠ!*î6, 2 Šg<îE0wZg]6,Zzg 300K Zq-Và’ÃëŠ¿Zzg (1

ÙX

Šc*ƒZì: i:

W = ? C[™**ì:

Ÿ‚:

1 lit atm = 24.22 cal pÔ

{10 cðŠ!*î6,ëŠ¿Zzg)Z%Zó¿ÆŠzgZy 1 Zzg 300K ñwVà’Ã 4 HŠH»xC[ÙZ# (2

{J-;c*ŠHX 45 Ð

Šc*ƒZì: i:
ñw 4 = Và’ÅlZg

300K = Šg<îE0wZg]

cðŠ!*î 1 = cðŠ!*î
{

{

W = ? C[™**ì:
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Ÿ‚:

{J-ëŠZzg)%Zó¿ÆŠzgZy;c*ŠH 20 {Ð 5 cðŠ!*î6, 2.5 Zzg 298K ŠzñwVà’Ã (3

ÂHŠH»xúg~~C[ÙX

Šc*ƒZì: i:
ñw 2 = Và’ÅlZg

298K = Šg<îE0wZg]

cðŠ!*î 2.5 = cðŠ!*î
{

{

W = ? C[™**ì:

Ÿ‚:

          

          

6,ZkŠgzwZg]6,wÆŠzkHƒäJ-;c*ŠHÂHŠH»xC[ÙX 300K ¤/ZxWxÃ%Zóîg6, 16 (4

Šc*ƒZì: i:
¤/Zx 16 = WxÅlZg

300 K = ŠgzwZg]      
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WxÅlZg

WxÆZq-ñwziy
= n = ñwÅ®ZŠ

{J-;c*ŠHÂZkŠzgZy 20 {Ð 10 6,%ZóZzgëŠîg6,¿ÆŠzgZy 300K &ñwVà’Ã (5

H»xƒÇ?
Šc*ƒZì: i:

3 = n = ñwÅ®ZŠ
{  

{

300K = T = Šg<îE0wZg]
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cðZ’ZðŠ!*î6,HŠH»x 3 6,%ZóZzgëŠîg6,¿ÆŠzgZy;c*ŠH ¤/ZxWgÌ’Ã 20 (6

³�wƒÂZ•ðw¥xÙX 1.741

Šc*ƒZì: i:
¤/Zx 20 = WgÌÅlZg

³¤/Zx

ŠgzwZg]

cðŠ!*î 3 = Z’ZðŠ!*î

¥x™**ì=Z•ðŠ!*î
WgÌ»ziy

‚@ziy
= WgÌÅlZgñw~

©gpp6,Ô

he6,Ô antilog ŠzâVY+$»
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»xƒZÂÂxÅZ0+gzãÂZ**ð~p~C[ÙX 2.12 kJ úg~wZg]Š¶6, 800 ’Ã (7

Šc*ƒZì: i:

J-;c*ŠHXt»x Ð ñwÃ%ZóZzgëŠ¿ÆŠzgZy 3 Zq-Và’Æ (8

Š!*î6,HŠHƒÂZ0+gzãÂZ**ð~p~ÔHŠH»xÔwZg]_.[c*{g`ƒð?¥xÙX

Šc*ƒZì: i:

#ƒ@*ìX ∆E xŠgzwZg]6,

∆U = 0

ìZkawZg]_.[ƒCìX Q = W aè

6,»g0eZðW‚àÅ¾~ÆŠzgZyZ0+gzãÂZ**ð~p~C[ÙXZk¿Æ 300K Zq-cðŠ!*îZzg (9

wZg]{g`ƒCìX 395.7 kJ ŠzgZy

Šc*ƒZì: i:
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      ∆n = ”ïÆñwÅ®ZŠDqÝ”{ñwÅ®ZŠ
∆n = 1 − 1 = 0 (n = 0 )aè»g0̂kìZka

 

       ∆H = ∆U (∆nRT = 0 ZÏa ∆n = 0 )aè
∆U = −395.7 kJ 

�wìÂxw6,ZkÅZ�Z¹wZg]¥xÙX ÅZ�Z¹wZg] ethylene 6,298 K (10

Šc*ƒZì: i:

ìXÂxŠ!*î6,wZg]úHƒÏ? −113.0K 6,»g0ñâW‚àÅwZg]úxw6, 300K (11

Šc*ƒZì: i:

∆n = ”ïÆñwÅ®ZŠDqÝ”{ñwÅ®ZŠ
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= 1.0 − 0.5 = 0.5 ñw         

  

Ã°ä6,»g0eZð Benzene ìX ÅZ�Z¹wZg] benzene ZzgxŠ!*î6, 300K (12

Zzgxw6,Z�Z¹wZg]HƒÏ? 300K W‚à’Zzg0*ã)âù(qÝƒD÷Â
i:

∆n = ”ïÆñwÅ®ZŠDqÝ”{ñwÅ®ZŠ
= 6 − 7.5 = 1.5

Šc*ƒZì:

  

∆n = ñwÅ®ZŠ~p~ = −1.5

T = 300T

∆U = ?

∆H = ∆U + ∆nRT

ìX;àgzX’ÅWx’Zzg0*ãÅZz‰‚@Rö −285.77 kJ 6,âù0*ãÅ7wZg] 298K (13

6,0*ãÅwZg]úC[™zX 373K ÷Â Zzg 27.2, 28.87 wZg]!*nKM

Šc*ƒZì: i:

wZg]ú 298K

126



wZg]ú 373K = ?

”ïÅRöwZg]Dõ&]ÅRöwZg]

™esÅ)zZ]

110.5J Zzg 30.6 Ô51.5 ÅZz‰‚@RöwZg]ŠbƒñŠg<îE0wZg]6,!*nKM Zzg ÔCO (14

6,ZíZ¹wZg]HƒÏ? 873K ƒÂ 180.0KJ ÅZíZ¹wZg] 6,293K ìXZ¤/

Šc*ƒZì: i:

wZg]ú 293K

= 180.0 kJ

wZg]ú 873K = ?

”ïÅRöwZg]Dõ&]ÅRöwZg]
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™esÅ)zZ]

b°Š~ÎZÑ]:
H (Internal energy) ìÂZ0+gzãÂZ**ð 10J wZgCÂZ**ð{g`™CìZzgQkÂx?HŠH»x 50J Z¤/ÃðÂx .1

(60J )�Z[: ƒÏ?
(32J wZgCÂZ**ðŠ~Â̂Z0+gzãÂZ**ð~HZŸ†ƒÇ?)�Z[: 40J ìZ#āQÐ 8J ÂxÆfg=HŠH»x .2

»xqÝƒZÂŠ!*îC[ÙX -3500J J-xŠ!*î6,iZc*ŠHZkŠzgZy Ð Zq-Và’Ã .3

( )�Z[:

�w»x Ð;c*ŠHZkŠzgZy xcðŠ!*î6, Zq-Và’Ã .4

( )�Z[: ƒZƒÂZ•ðwC[ÙX

Æ',@*î J-;c*ŠH Ð 6, Ã%ZóZzgëŠ¿ÆŠzgZy ¤/Zx 11 .5

( )�Z[: ÃZq-Và’â…ƒñHŠH»xC[ÙX

»x J-;c*ŠHXZkŠzgZy Ð ¤/ZxWxÃ%ZóZzgëŠ¿ÆŠzgZy 64 .6

( )�Z[: ~¥x™zX Celsius ƒZÂŠg<îE0wZg]

(T = 300K) J-Š!*c*YñX Ð Š!*î6, 5 atm ƒäzZÑ»xC[ÙXZ¤/Zq-’Ã .7

(W = −2.020 kJ )�Z[:

ÔW ƒY@*ìÂ Ð(,|™ wZg]_.[™CìZzgÂx»ŠgzwZg] 400J Zq-ñw’xw6, .8

Å7¥xÙX ∆E Zzg Q

1.863 J J-;c*ŠHXZkŠzgZy Ð Ûz7!*î6,Zq-Và’Ã .9

( )�Z[: wZg]_.[ƒCìÂZ0+gzãÂZ**ð~p~C[ÙX

H Ð(,J™ 6,;c*YñZzg’»wxŠgzwZg]6, 300K Wx’Ã 16gmZ# .10

( )�Z[: YñÂƒäzZÑ»xC[ÙX

J-Š!*c*YñÂƒä Ð 6,ZzgxŠgzwZg]6, Šzñw’Ã .11

( )�Z[: zZÑ»xC[ÙX
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ˆìX( (compress) )â^:�Z[µƒÇYVā’Š!*ð
ìÂxŠ!*î6,wZg]úHƒÏ? −113.0 kJ 6,»g0ñâW‚àÅwZg]úxw6, 300K .12

(−111.8 kJ )�Z[:

ìX;àgzX’ÅWx’Zzg0*ãÅZz‰‚@RöwZg] −285.77 KI 6,âù0*ãÅúwZg] 298 K .13

6,0*ãÅwZg]úC[ÙX 373 K ÷Â Zzg 27.2 Ô28.87 !*nKM

¥xÙX ∆H Zzg ∆U ÔW Ôq J-Š!*c*YñX 5L Ð 10L 6,Zq-ñwVà’ÃxŠg<îE0wZg]6, .14

(∆U = 0 ÔW = 103.991 cal Ôq = −W Ô∆H = 0 )�Z[:

(Learning Outcomes) Zõ!}ò 9.19

Zk$~ëäwwH]»ÈŠ¬XwwH]»ÈŠ¬XwwH]ÆZµZµqÑ]ÔÂxÔâjwZzg»Ñ]Æ .1

!*g}~¥â]qÝÅZzg°pŠ@X

ë½ÂxZzg)ëÒÂxÆ!*g}~Š¬X .2

ëŠZzg)%Zóîg6,HŠHZzgŸ‚Š¬X .3

ëŠZzg%Zóîg6,K‰»xÅ)zZ]ªX .4

ÂZ**ðZzg»xÅZµZµZ»ðŠ@X .5

wwH]»ª‡âyÃŒX .6

™as»‡âyŠ¬ZzgQkÅ)zZ]ÅZ˜q]ÅX .7

XŸ�V6,ŒÎZÑ]iÙX .8

(Key Words) ã~ZÖp 9.20

wwHC‡ây .1

¿ZzgZkÆZlx .2

™es»Zßw .3

(Workdone) HŠH»x .4

(Enthalpy) ZUk .5

w***Zg¿ .6

(Model Examination Questions) %:ZJãÎZÑ] 9.21

(Obejctive Answer Type Questions) czè�Z!*]ÆqïÎZÑ] (A)

wwH]~'''_·HY@*ìX .1
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wZwCÂZ**ðZzgŠvÂZ**ðÆm» (b) p~ÂZ**ð (a)

FÂZ**ð»wZgCÂZ**ð~p~» (d) ',¹Zzg6ðÂZ**ðÆm» (c)

wwH]~'''S:]»_·HY@*ìX .2

(,}eä6,0*ðYäzZàS:] (b) pgŠ|S:] (a)

Z0+gzãÂZ**ð (d) âœ}Å‚|# (c)

wwH]Æ!*g}~fs~ÐßÒyÅ¶K0+„ÙX .3

Zk~Z0+gzã‚|#ÅzŸs#7ƒ@*ìX (b) wwH]~pgŠ|S:]»_·ƒ@*ìX (a)

Zk~¬ïÅÑbÅzŸs#ƒCìX (d) tÂxÆZ’ZðZzgZ•ðqªÐÝìX (c)

»Ñ]»z{z�wwHC_·ÆaŠg»gƒ@*ìQÐ'' .4

qª (d) Âx (c) Và8~î O (b) ÂZ**ð Zero Point (a)

fs~Ð9ÒyÃy‚ìÔC�X .5

ÂZ**ðZzgSÅâjwÐp~e7XîÂx (b) ÂZ**ðZzgSÅâjwÐp~XÈÂx (a)

ÜsÂZ**ðâjwÐp~ƒCìX»ŠÂx (d) ÜsÂZ**ðÅÃeƒpSÅ7XÈÂx (c)

Z(ÂxT~SZzgÂZ**ðŠzâVÅp~âjwÐeƒCìX .6

ë½Âx (d) ÈÂx (c) »ŠÂx (b) îÂx (a)

Z(Âx�âjwÆ‚BÜsÂZ**ðps™YìQÐ'' .7

»ŠÂx (d) ë½Âx (c) ÈÂx (b) îÂx (a)

Z(Âx�âjwÐÂZ**ðZzgSŠzâV»nŠ!7™YX .8

ë½Âx (d) »ŠÂx (c) ÈÂx (b) îÂx (a)

ˆ0*ðYCìX (Phase) Z(ÂxT~ÜsZq-„ .9

ë½Âx (d) »ŠÂx (c) ÈÂx (b) îÂx (a)

Z(ÂxT~7+M7ƒCZzgZq-ÐiZZ+ˆ0*ðYCìX .10

îÂx (d) )ë½Âx (c) ë½Âx (b) »ŠÂx (a)

fs~ÐÃy‚ë½ÂxÅVwì? .11

]»²w (d) 0*ãZzg%»Wö{ (c) ŠzŠ| (b) ŠðZV (a)

fs~ÃyÏ)ë½ÂxÅVwì? .12

HCl −c* (d) ',sZzg0*ã»Wö{ (c) ]»²w (b) »²w NaCl (a)

Z+S¤�—ÅS6,«ƒCìX .13

ŠZ½S:] (d) ˆg~S:] (c) 8 (b) ? (a)
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Z+S¤�—ÅS6,«7ƒCìX .14

ŠZ½S¤ (d) ˆg~S¤ (c) ? (b) 8 (a)

fs~ÐÃyÏŠZ½S¤7ì? .15

ÂZ**ð (d) ÒŠZî (c) å?Ø (b) ÑÄ (a)

fs~ÐÃyÏŠZ½S¤7ì? .16

ZYsú (d) ñ�Š{wZg] (c) `�l (b) `»î (a)

fs~ÃyÏ̂g~S¤7ì? .17

w (d) ÑÄ (c) ÂZ**ð (b) S (a)

ÂxwwHCÂZiy~ƒ@*ìZ#Šg<îE0wZg]Š!*îZzgw'' .18

z‰ÜÆ‚Bps7ƒDX (b) —ÅlZgÆ‚BpsƒD÷X (a)

”ïÆZg‚iÆ‚BpsƒD÷X (d) z‰ÜÆ‚BpsƒD÷X (c)

ÂxÆ6ðZbZY~z‰ÜÆ‚Bp~:ƒÂZÐë÷X .19

wwHCÂZiy (d) 6ðÂZiy (c) }éÂZiy (b) wÅÂZiy (a)

Z#ÂxZq-qªÐŠzu~qª~psƒ@*ìÂQÐ''' .20

Ãë÷X (d) ¿ë÷X (c) ‚Š{¿ë÷X (b) ÂZiyë÷X (a)

(Short Answer Type Questions) ¿�Z!*]ÆqïÎZÑ] (B)

SzV~É
ÀŸ/õGX 10 fsÆCÙÎZw»�Z[

°pÉÀŸ/õG: .1

»Ñ] (e) âjw (d) Âx (c) 6ðwwH] (b) wwH] (a)

ÂxÅZlxÒyÙX .2

°pÉÀŸ/õG: .3

wêh+¿ (d) Š!*îêh+¿ (c) ¿ (b) ÂxÅqª (a)

)wk¿ (h) wk¿ (g) w***Zg¿ (f) ëŠ¿ (e)

State Function (l) ŠZ½pZm (k) ˆg~pZm (j) šzg~¿ (i)

%ZóZzg)%Zó¿~ñZi:ÙX .4

Zi+c*Ù¿ZzgëŠ¿~ñZi:ÙX .5

wwH]»ª‡âyÒyÙZzgZkÅgc*MC)zZ]Z~.ÙX .6

ëŠZzg)%Zóîg6,K‰»xÆa)zZ]Z~.ÙX .7
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F,ç”{wwH]»ª‡âye�X .8

K‰»xZzgÂZ**ðÅZ»×VÒyÙX .9

�w (d) úg~ (c) Zgv (b) {cð (a)

ZUkÅ°pÉÀŸ/õGX .10

ÃªCÙ™äzZà´#ÖÉÀŸ/õGX ∆H .11

(Long Answer Type Questions) îs�Z!*]ÆqïÎZÑ] (C)

SzV~É
ÀŸ/õGX 30 fsÆCÙÎZw»�Z[

ÜY~HŠH»xZzgšzg~¿~HŠH»xC[ÙX .1

ZW»xÆÃtÅzŸs#ÙX .2

J-ëŠZzg%Zóîg6, Ð ëŠZzg%Zóîg6,K‰»xÅ)zZ]Z~.ÙXZzgZq-Và’Ã .3

;c*ŠH»x¥xÙXZW»xÅ)zZ]Z~.ÙX

Z0+gzãÂZ**ðÅzŸs#ÙX .4

Æa´#ÖÒyÙX W Zzg P Zzg ∆E .5

~mŠ3äzZà)zZ]Z~.ÙXD)c*(DxŠ!*î6,wZg]Zzgxw6,wZg]¬ïÆŠgxy ∆C Zzg ∆H .6

)zZ]Z~.ÙX

∆H = ∆E + P∆V U*"$Ù: .7

ÆŠgxy)zZ]Z~.ÙX Zzg   .8

Å)zZ]ÐH%ZŠì?wZg]¬ï6,ŠgzwZg]»ZW,ŠîäzZà)zZ]Z~.ÙX Kirchoff .9

(Suggested Books for Further Readings) '×h+_¬Æa?m,™Š{ÂÁ 9.32

1. Principles of Physical Chemistry by Prutton and Marron

2. Essentials of Physyical Chemistry by Bahl and Tuli

3. Physical Chemistry Through Problems by S.K. Dogra

4. Text book of Physical Chemistry by K.L. Kapoor

5. Text book of Physical Chemistry by Puri and Sharma

6. Text book of Physical Chemistry Soni and Dharmahra

////////////
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:wZgC6Y 10 Z»ð
(Thermochemistry)

Z»ðÆZbZ
ā 10.0

£œ 10.1

wZg]iZZzgwZg]pZ{¬5] 10.2

wZgC6ð)zZ] 10.3

£g~qª»¦g 10.4

»g~Å£g~ZUk 10.5

»g~Å£g~ZUÉ43ð FGV£g~¬BZ&4-£é GEGkC[™** 10.6

²wÅZ&4-£é GEGk 10.7

/úg~¢aÆfg)Z�ZtÅZ&4-£é GEGkeö 10.8

ER,ÑKc»£g~Z&4-£é GEGk 10.9

¬ïÅwZg]!*¬ïÅZ&4-£é GEGk 10.10

(∆E) ¬ïÅwZg])Z&4-£é GEGk(xw6, 10.10.1

(∆H) ¬ïÅZ&4-£é GEGk)wZg](xŠ!*î6, 10.10.2

xwZgCù»́34ø XG»ç 10.11

34ø XGÆ®Í/õGÆZ:‡] 10.12

ÈÙZ&4-£é GEGk 10.13

ŠgzwZg]÷B¬ïÆZ&4-
£é GEGk»p 10.14

%:ZJãÎZÑ] 10.17

czè�Z!*]ÆqïÎZÑ] (A)

¿�Z!*]ÆqïÎZÑ] (B)

îs�Z!*]ÆqïÎZÑ] (C)

'×h+_¬Æa?m,™Š{ÂÁ 10.18
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(Preface) ā 10.0

6ð¬5]~ƒäzZàZ&4-£é GEGkp=V»_·wZgC6YZk*yÆñZŠÅú™@*ìX

6ð¬5]ÅZ&4-£é GEGk)¬ïÅwZg](:
Z&4-£é GEGkp~�Ë6ð¬ïÆ‚BzZµƒCìX¬ïÅZ&4-£é GEGkBCìXaèZ&4-£é GEGkp~xŠgzwZg]

wZg]ÅlZgƒCìXZÐZÒ¬ïÅwZg] (absorbed) c*_.[™Š{ (released) ZzgŠ!*î6,¬ï~WiZŠ™Š{
¹Y@*ìX (Heat of reaction) 

=ô:Ë6ð¬ï
Ã³XZk¬ïÆnZ&4-£é GEGkp~Šg`fsìX

ÅZUÉ45é FGV÷X D Zzg C,B,A  !*nKM HD Zzg HCÔHBÔHA ˜V

qgz!*ÑL}ÅæŠÐ¬ïÅZ&4-£é GEGkÃfsÅ§bÒyHYYìX
L6ð¬ïÅZ&4-£é GEGktâ8}Õä]ÅZUÉ43ð FGVÆù·Zzg¬5]ÅZUÉ43ð FGVÆù·ÆâÎ»�ÛtƒCì˜V

6,—Åºm8qª~ZzgáZiy)zZ]~ñ�ŠGz!*]Æfg=ªCÙ™Š{lZgzV)ñßV(~ƒCìX

(Aims) £œ 10.1

CYÃwZg]iZZzgwZg]pZ{¬5]Å¥â]�ÛZë™**XwZgC6ð)zZ]ÐWÇ{™**X£g~qª»¦g

Œ**X»g~Å£g~Z&4-£é GEGkÅ¥â]ŠbZzg»g~Å£g~ZUÉ43ð FGV£g~¬BZ&4-£é GEGkC[™**X²wÅZ&4-£é GEGk
Œ**X/úg~¢aÆfg)Z�ZtÅZ&4-£é GEGkeöÐWÇ{™**XER,ÑKc»£g~Z&4-£é GEGkÔ¬ïÅwZg]c*¬ïÅ
Z&4-£é GEGkÅ¥â]ŠbXxwZgCù´»34ø XG»çŒ**XŠgzwZg]÷B¬ïÆZ&4-£é GEGk»pÆ0¥â]ŠbZzg

ÈÙZ&4-£é GEGkÐ¬BZ&4-£é GEGk¥x™**2**X

wZg]iZZzgwZg]pZ{¬5] 10.2

¬ï: 10.2.1

Ë¬ïÅwZg]µc*tƒ$ËìXZ¤/â8}Õä]ÅZUÉ43ð FGV»ù·Ô!3™
)Õä

G
]ÅZUÉ43ð FGVÆù·Å/Ú(,Z

µƒ@*ìX�Zk!*]»ZÖg™@*ìāwZg]_.[ƒðìXZk§b ªƒÂ
BD (endothermic) Æ¬5]X~âjw~ÐÂxÆfg)wZg]_.[ÅYCìXwZg]pZ43›é XG5]

÷X
Vw
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wZg]iZ¬ï: 10.2.2

Z¤/â8}Õä]ÅZUÉ43ð FGV»ù·Ô¬5]ÅZUÉ43ð FGVÆù·Å/ÚgN*ª

ƒÂtƒ@*ìXT»tÈƒ@*ìāwZg]WiZŠ){g`(ƒðìXZk§bÆ¬5]X~wZg]ÂxÐâjw~
¬5]BD÷X (Exothermic) WiZŠ){g`(ƒCìwZg]iZ

Vw

(Thermo-chemical Equations) wZgC6ð)zZ] 10.3
!3™

)Õä
G

]Zzg (exact value) tZq-áZiy6ð)zZ]ƒCìT~Z&4-£é GEGkp~Å!*Ç9Šg
ƒC÷X (Specified) õ&]Å8qpVZzgñßVÅ®ZŠ³Åƒð

: (Example of Thermochemical Equation) XwZgC6ð)zZ]ÅVw 10.3.1
$4-

£4è GG
GEZzgWxÆâÎ¬ïÅwZg]6ð)zZ]Šg`fsìX

(’Æ2ñÖZyÅ£g~qpV O2 (’ÆñwZzgWx) CH4 )zZ]tZ÷ág{™CìāZ#
$4-

£4è GG
GE)

ñßVÃZyÅ£g~qpV~»g™D÷ÂÂx 2 âwZzgâù0*ãÆ 1 (’Æ CO2 ~¬ï™Æ»g0eZðW‚à)
wZg]âjw~WiZŠƒCìX 890kJ ÐÁƒCìXc* 890 kJ ÅZ&4-£é GEGk

XwZgC6ð)zZÂVÃ™ÅgÉ@Zt: 10.3.2

Guidelines for writing of thetmochemical equation 

()zZ]¬5]Zzgq&]ÆñßVÅ®ZŠÆÒpÐáZiyƒ**e’X i

)zZ]Æ (appropriate sign) Zzgoƒ´#Ö (numerical value) (Z&4-£é GEGkp~Å°Š~Šg ii

ƒCìX (refer) ÅtŠgáZiy)zZ]Ð™[ ŠZNY+$èƒðƒ**e’X
Æfg)H™Š{ƒãe’X g )W!(c*’ aq )âù(Ô l )k̂( s (¬5]Zzgõ&]Å8q—wzs iii

ÅlZgZâYÅ8qpVÐ™[ƒCìX6ā)zZ]~HHƒZƒ@*ìX
¬ïÆn (reverse) ÅŠ~ˆŠgt¦gŠîìā¬ïŠ~ˆ‚~zZµƒZìXwk (iv
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~)z~Zzǵ#Ö~#³ƒCìX (magnitude) ¬ïÅ´ŠgÐrs# (forward) ÅŠggZ„

í¬ïzZce6,ÃðwZg]iZ¬ïwZg]pZ6Að XXY@*ìZzgZkÆ',@Ìƒ@*ìX
Ë°Š~b (coefficient) Z¤/wZgC6ð)zZ]~ÓxZâYÆñßVÅ®ZŠÃªCÙ™äzZáGz!*] (v

ÅŠgÌ¢[c*„”{ƒ**e’X Ð¢[c*„Æ‰ƒVÂ7VbÐ (numerical factor) 

Ð¢[HŠHƒÂ 2 Z¤/)zZ]ÆZâYÆpÐǴz[Ã (a

Z¤/¬ïÅ‚wk™Š~ˆƒÂ (b

(Conecpt of Standard State) £g~qª»¦g 10.4

Z¬5]ÆnZ&4-£é GEGkp=V»ñZi:™äÆat¢zg~ìāZ¹7VqÑ]Æ�Šg`

¹Y@*ìX (Thermodynamic Standard State) HYñXqÑ]ÆZk§bÆËÃLÃwwHC£g~qª
ÃZy£g~qª~Šg`™**å„!*œª0*c*ŠHìX (data) wwH]~ÓxwwHC!š‹5éG]

ZzgËºmŠg`wZg] (105pa=0.987atm) Š!*î 1atmc*1bar Ë—Å£g~qªz{̂ìT~~
ñwÆZg‚6,ƒÐic*Š{ªx5+k,ƒCìXZ¤/¬ïÅZâY²wÅ̂~÷áïƒVÂZyÅ 1 Zzg (298K) 25

o
C À˜
£g~q—Zq-ñßZg‚iZ]ƒD÷XºmÁÜZzg%·]Å£g~qpVÅVBŠg`fs÷X

Standard States of Elements  XÁÜÅ£g~q—: 10.4.1

I
2
(s) ÔBr

2
(l) ÔC(diamond) ÔC(graphite) ÔNa(s) ÔHg(l) ÔH

2
(g) 6,25

o
C Š!*î6, 1atm

Standard States of Compounds  X%·]Å£g~q—: 10.4.2

CH4(g) ÔCS2(l) ÔCO2(g) ÔCaCO3(s) ÔH2O(l) ÔC2H5OH(l) 6,25
o
C Š!*î6, 1atm

Ë¬ïÅ£g~Z&4-£é GEGk¬ï~zZµƒäzZàz{Z&4-£é GEGkp~ƒCìZ#Zk~÷áïÓxZâYZyÅ£g~

Ð7HY@*ìX qpV~ƒC÷XZÐ

(Standard Enthalpy of Formation) »g~Å£g~ZUk 10.5

Ë%“Å»g~Å!ā.çGZ~Z&4-£é GEGkÃZk§bÐÒyHŠHìX
LLZ&4-£é GEGkp~�Zk¬ï~zZµƒCìT~Zq-ñw{Ø%“ZkÅ£g~qª~ZkÆZyÁÜ

 Ð7HY@*ìXVwÆîg6,Zq-ñw0*ãÅZkÆÁÜ Ð»gƒ@*ì�£g~qpV~ƒD÷ZkÃ
Ð»gÆawZgC6ð)zZ]Šg`fsìX O2(g) Zzg  H2(g)
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ìXª -286kJmol
-1
 ®Zâù0*ãÅ»g~Å£g~Z&4-£é GEGk

Å»g~Å£g~Z&4-£é GEGkfsÅwZgC6ð)zZ]ÐqÝÅYCìX CH
4
(g) ZÏ§b

$4-
£4è GG

GE’

:

C »g™äÆfŠ/Ç{~ CH4 ìX (hypothetical) Ë—»ZkÆbz~ÁÜÐ»g~»¬ïGzè
Å»g~Æa¬ïÅZ&4-£é GEGkÅgZ„îg6,eö7ÅY$ËìXt CH

4
»5\™Z**e7ìXZkf H

2
Zzg

tGzè¬ïÆa£g~Z&4-£é GEGkp~Ð0 -74/8kJMol
-1 **gZ„c*šzZô§hVÐC[ÅY$ËìXŠg

ìX

»g~Å£g~ZUÉ43ð FGV£g~¬BZ&4-£é GEGkC[™** 10.6

(Standard Enthalpy of Reaction from Std. Enthalpy of Formation)

%·]Å»g~Å£g~ZUÉ43ð FGV»ƒÐ(,ZÃZ+{tìāZ¹ËÌ¬ïÅ£g~Z&4-£é GEGkÃ¥x™ä~
ZEwHY@*ìX%·]Å)»g~Å£g~ZUÉ43ð FGV(Ð)£g~¬ïÅZUk(»õ'qgzfsúZï6,«ƒ@*ìX

ƒCìX (Zero) ËÌKÅpŠZÏÐ»g~Å£g~Z&4-£é GEGk# (i

Ë%“Å»g~Å£g~Z&4-£é GEGkZkÅ£g~Z&4-£é GEGkÆ)z~ƒCìX (ii

ÃkX  ¬ï
Zk¬ïÅ£g~Z&4-£é GEGkÃfsÅ§b7HY@*ìX

áZiy)zZ]~!*nKM¬5]Zzgq&]Æµz!*]ÅŠÑª™D÷X d Zzg c,b,a ˜V

(Enthalpy of Solution) ²wÅZ&4-£é GEGk 10.7

ëY…÷āZ#Ë²wÃ»gHY@*ìA$
!3™

)ÿ
G

Ã…~iHY@*ìXZÏŠzgZywZg]c*Â_.[ƒCìc*
{g`ƒCìXZÏ§b…~²wÅ¹Æ‚BÂxÅZ&4-£é GEGkp~ƒCìXZ¤/²wÐwZg]_.[ƒYñª²w
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Ã Ãµ¶KyŠc*Y@*ìXZ¤/wZg]»gÅYCìZzg²wÃŠ~YCìª²wic*Š{¤/xìÂ QZƒYñÂ
©wÆ_.t¶KyŠc*Y@*ìX

lZg (specified) ËZ,¿~zZµƒäzZàZ&4-£é GEGkp~Z#Ë—ÆZq-ñwÃË…Å
+B©3ú
GEE

G™Š{
~iHY@*ìX²wÅZåkBCìX

¹”{²wÆ°ñwÅZ&4-£é GEGkp~²wÆZg‚iÆ‚BZƒCìZkn¢zg~ìāiÆZg‚iÆ
(Integral enthalpy) p~»ZÖgHYñXZkÑÆniÅZq-Z˜bZ&45¾æ

EH
G
Y

wZ&4-£é GEGk enthalpy jZáÐ

ZÒZEwÅYCìZkÅ°pLLZ&4-£é GEGkp~Z#²w»Zq-ñwZq-…~¹HY@*ì@*āZq-ºmZg‚i»iŠc*
YnóóX

Zk 58-18 ñw~ãY@*ìwZg]_.[ƒYCìª 200 Z¤/VwÆîg6,7N*ô³gZà»Zq-ñw0*ãÆ
Zg‚i~7N*ô³gZàÆ²wÅÑiòwZg]ìXZk»ZÖgêñ¡)zZ]ÐHY@*ìX

ìXZk 72-2KJ ñßV~¹ƒ@*ìÂwZg]»Zg»Y 50 ZÏ§bZ#};àgzX³gZà»Zq-ñw0*ãÆ
»t¶KyìX ìZzg 72-0kJ ñw0*ã~¹ƒä6,™;àgzX³gZàÆ²wÅZ"5¿.ç

EHYGwZ&4-£é GEGk 50 §b

êñ¡)zZ]Zk§bèˆìX

Substence H2O moles enthalpy of solution kJ mole-1

NaCl 200 +5.3

KNO3 200 +35.4

Na2SO4 400 +23.1

NH4NO3 200 +26.5

K2SO4 400 +27.4

KOH 200 -55.6

HCl 200 -72.9

HBr 200 -83.3

: (Differential Heat of a Solution) ²wÅ̧jwZgCZ&4-£é GEGk   10.7.1

¥xZg‚iÆ²wÅZâ(,~lZg~²wÆZq-ñwÆ²wÆwZg]Æîg6, ²wÅ̧jwZg]

Ã²w dm ZkÅ°pÅY$Ëìā²wÆ'×h+ñwÆZŸ†ÆZg‚i~‡.ÞŠgp~7WCìXZ¤/²wÆñw~
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ìÂ²wÅ̧jwZg]ƒÏX dq ÅZq-özŠlZg~¹™ä6,wZg]Åp~

Æ
!-Aö

EE
èoÐtŠ¬ 1.0 ¦k,

YYìāezZyÅŠg²wÆ
P Zzg T Zg‚i6,«ƒCZk§b

6,«ƒäÆ´z{²wÅ¸&

ÅlZg n2 Zzg
!-Cÿ

E
n1 Z&4-£é GEGk…

6,«ƒCX�ŠØ‰²w~
1000 ñ�Š÷ª

!-Cÿ
E

Æñw°
¤/Zx…~X

ÅzŸs#™Dƒñ²wÆZg‚i»f™HŠHì Enthalpy  Differntial ZÏ§bZkzzÐ²wÆZ
Å̂Ðqgzfs}òZ~.òYMh÷X Curve ÆŠgxy m Zzg

 H/m  ìXZÏ§bZkÅezZyÅZq-xŠg linear ½ã÷~ curve Æn m ËgKŠg (i

essentially ¸jwZg]Æ differential ƒÏX6āñyZ™̄²wÅZ&45¾æ
EH

G
Y

wwZg]¹−ñ²wÆn²wÅ
)z~ƒCìX

ZÏ§b m Zâ!~Ð7(,kAā ∆H ÷~7ƒ@*ìXZkÅzztìā curve Æn m ZdŠg (ii

ÅŠg(,"Ð—ÅezZyÁƒCìŠzu}/V~²wÅ̧¹wZg]ÁƒYCìXYè²w»Zg‚i(,kìX m 

ZzgZ#²w§”{ƒY@*ìÂ#ƒY@*ì
ÃZZg‚i6,²wÅZq-ºmlZgÐzZh…Æñ²Å®ZŠÆÜs ∆H ²wÅ̧jZ&4-£é GEGkÃ²wÆ

ÅezZyÃ̂l™ÆqÝHYYìXËŠØ‰Zg‚i6, curve ö”™ÆZzgË{mZg‚iÆ̃zZq-`6,

ezZyÅŠgZkZg‚i6,²w»̧jZ&4-£é GEGkŠîìX
²wÅ−ñZzģjwZg]tbz~ñÑgwZg]

!-Cÿ
E

ÅZzg…6,ƒCìX
ñw»

!-Cÿ
E

²w~ñ�ŠƒÂ n ñw»…Zzg n ¬xîg6,¦g™D÷X

ÅŠg ∆H A$̧j
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vŠ!*îZzgŠgzwZg]6,Zz6,Å)zZ]fsÅ§bƒCX

Zq-
!-B§ö

EE
èo ∆H2 Ã

!-Cÿ
E

Zzg…ÅwZg]bz~zZh|ZŠZg)ñÑgŠg(¹Y@*ìXtŠ¬YYìX ∆H2 Zzg ∆H1 ˜V

Æ:Æîg6,ö^HY@*ìX²wÅZq-§m,Æ nÃ ∆H  property Æ',Z',ìXT~ d(∆H)dn ÅezZy
Ãxg3Y@*ìXZ#Zk»ñZi:HY@*ìXÑzq~Š~ˆ°pÆ‚BtªCÙ™@*ìā²wÅ̧j n1 nT~

Å°pwZg]…Å´bz~ñÑgÅ dilution ZÏ§b ∆H1 wZg]zZª²wÆ…Åbz~ŠZh|wZg]ìX
{¤ìX

²wÅ̧jwZg]ÅgZ{gZ„Š!*Ceöe7@*ë!*ßZôîg6,²wÅÑiòwZg]ÆDÐçHYY

ìX

ñÑwÅÑiòwZg]ìX m Zg‚i ˜V

6ā°¶VÐzZãì²wÅZ&45¾æ
EH

G
Y

wZzģjwZg]Zg‚i~¶Æ‚BZq-Šzu}Ðg�q™,ZzgZg‚i
#ƒä6,Zq-ÜƒYNX

: (Enthalpy of Dilution) X−ñÅZ&4-£é GEGk 10.7.2

Z#¬Ð»g”{²wÃZk~'×h+…5™−c*Y@*ìÂwZg]WiZŠƒCìc*_.[ƒCìZzgt‚îÅZ&4-£é GEGk
ƒCìXÅ<å XEZ−îÅZ&4-£é GEGkÃZk§bÐÒyHY@*ìX

LLZ&4-£é GEGkp~�A$zZµƒCìZ#ËZq-Zg‚iÆ²wÃËŠvZg‚i»²w»g™äc−c*Y@*ì−îÅ
Z&4-£é GEGkBCìX

~iHY@*ìÂ²wÅZ&4-£é GEGkÃfsÅ§b7H 50 moles ÆZñwÃ0*ãÆ HCl VwÆî6,Z#

Y@*ìX
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ƒ@*ìÂ²w infiniety dilute ÆZñwÃ0*ãÅ(,~lZg~iHY@*ìXªZ#²w"Z•− HClZ#

ÅZ&4-£é GEGkÃfsÅ§b7HY@*ìX

Æ:LÃðÌwZg]ZW,:ƒVX (further dilution) "Z•−²wÈ²wÃZÚ−ŠHìā'×h+−î
Z#«)zZ]ÃŠzu~)zZ]~Ð̧&HY@*ìÂ

ÆZñwÅËqgppzZá²wÆË"Z•²̄w~−î HCl~ 50 moles Z&4-£é GEGkp~�0*ãÆ
ìX -1.88KJ ìZkn−îÅZ&4-£é GEGk -1.88KJ Æ‚BzZµƒCìX dilution 

: (Standard Heat of Combustion) XZ�ZtÅ£g~Z&4-£é GEGk 10.7.3

Ë—ÅZ�ZtÅ£g~Z&4-£é GEGkZk¬ï~zZµƒäzZà£g~Z&4-£é GEGkp~ìT~Zq-ñw—ZK

£g~qª~WxÆ‚Båîg6,‰™Cìc*¬ï™Cìc*åîg6,QìXZ�ZtÅ£g~Z&4-£é GEGkÃÆ
fg)7HY@*ìŠg`fs¬ïÃkX

ìX -1300kJ Z�ZtÅ£g~Z&4-£é GEGk Å C2H2 Zk¬ï~)zZ]~‰~¬ïÅ£g~Z&4-£é GEGkp~Ô

X
$4-

£4è GG
GE»Z�Zt: 10.7.3.1

X;àgzX»Z�Zt: 10.7.3.2

/úg~¢aÆfg)Z�ZtÅZ&4-£é GEGkeö 10.8

(Measuring the Enthalpy of Combustion by Bomb Calorimeter Method)

úg~¢a~KãZzg6ð¿ÆŠzgZywZg]ÅÃ»_·ìXúg~¢a¤/òÆîg6,vƒäzZàÂZ**ðÅ
Adiabetic bomb Åeö™äÆnƒÐ¬xW!Zi+c*&45ë EGH/úg~¢a DU eöÆnZq-W!ìX

ìX&̂~Š3c*ŠHìX calorimeter 
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Z0+gzã',@c*/ZzgZeZq©¢oZ®Ð¯ƒZìXTÆZ0+gÎäc*ö"54-ê
HGEGc*ËZzg)W´4k5å GGH

"5ÿ GEñZŠÆ‚B
ìX7zZÑ6,ŠJ]Æe˜½èEÆfg)ÃgÃ',@~¢ïÐÎc*YYìXâŠ}ÅZq-ziãlZgZq- Coated É43ïGFG

6,–gZŠc*Y@*ìX R ~àYCì&r~ c ö&4-ê
HGE

”
ÆŠgxya~ƒðìX6āŠ3c*ŠHìt',¹îg6,¤/xƒä6,Š‚ÃÑzq G Zzg R Zq-¡ö&4-ê

HGE
@*gspV

25-20 ™ä»»x™@*ì/Ã¢ïÐÈ™Šc*Y@*ìZzgS&Ò3ï EGHk[KÆfg)W
´4gBè GEEŠZ4ÅYCìXZ#J-½ã

âjw»Š!*îqÝ:ƒYñXZkÆˆ/Ã0*ã~nHY@*ìT~e.Þ�Zzg0*×”{ŠJCúg~¢a~g3
Y@*ìX@*ā@*•g~ÅzzÐƒäzZàtÃÁHYnXZOxZk!*]ÃD¯@*ìāúg~¢aÐ¤/ŠzâZb)<(J-

¤/ò»Ãð{mvy7ƒ@*ìZzgZkzzÐt¿Zec*&45ë EGHì6āŠ3c*ŠHìZq-ÓZ7g�ÛZëHŠHìX)¦k,
Æfg)',¹™.$¦/g™¿»c*Y@*ìXúg~¢a~0*ãÆ W ~(Z#0*ã»ŠgzwZg]LƒY@*ìÂâŠ{Ãö&4-ê

HGE
@*g

ŠgzwZg]~ZŸ†Ã"5À)4è EGGEêâ¢aÆfg)6,4Æâ̂^HY@*ìXe¤/~»ÎzZVzWy~ŠgzwZg]Z#@*•g~Å
tÃ©wÆ_.Šg„HY@*ìXZ’ZðŠgzwZg]Ãâb)t(™DƒñŠgzwZg]~ZŸ†ƒ@*ìXúg¢a

¹Y@*ìŠ0ÆczsZ&4-£é GEGkÆâŠ}Æ¥x(,}eä6,°™qÝH C ÄÅwZg]ÅRöÔ&úg'.n.ç EHv

&¹ZôoÐ q 1Y@*ìZk» (Benzoic acid) Y@*ìZkÑÆa¬xîg6,ZdŠgzÅ0*ÀÏ»\zq-Z±

ZzgtŠgzwZg]~p~ì�âŠ} C �Ûn™,āúg~¢aÄuï&¢Aøw0*ã -3226.7Kjmol
-1 **0*ŠHìX
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fg)Š~YCìXZ�ZtÅZ&4-£é GEGk C x Q x M/m Ã°äÐaZƒCìXQŠ‚ÅvwwZg]ÔâŠ{Å m ÅlZg

tfsÅ)zZ]ÅæŠÐ¥xÅY$ËìX qp

(Standard Enthalpy of Neutalization) ER,ÑKc»£g~Z&4-£é GEGk 10.9

Ã HNO3 ÔH2SO4 ÔHCl Ãá™Ë!Z[Æfg)‰ KOH Zzg NaOH Z#Zq-ñwZ‚k‰ā
Š!*î6,»gHŠHA$ZW,™äÅ£g~Z&4-£é GEGkÃkR,ÑKcÅZ&4-£é GEGk¹Y@*ìX 1atm Zzg 25 »C −ñ²w~

Š!*î~−î²w~Zq-Z‚kÆfg)!Z[HñwÃá™ZW,™äÆ‚BZ&4-£é GEGk 1atm Zzg 25 »C ZÏ§b

p~ÃZ‚kÆfg)!Z[ÅER,Ñ̂,cÅZ&4-£é GEGkÐY**Y@*ìX
;àgz³guZ±ÃÎe*;àgzW‚àÆfg)Þ²w~Z#!Z[ZÅ¹ÐöZzg#åîg6,Zµ™Šc*Y@*ìXÂ

ZkÅúÒÏZk§bÅY$ËìX

¸~Z‚kÆfg)¸~!Z[Å)Y—Zg~)ER,Ñ̂,c(6,¨g™DƒñtŠ¬YñÇāCÙßg]~
0nZkn H2O WÅV»ù·÷áïìX@*ā)Wñ� OH

- WÅVZzg H
+ ER,Ñ̂,c»gŠ¿z„ƒ@*ìX6āt¡

tÂµÅYCìā̧~Z‚kÆfg)CÙ̧~!Z[Ãá™ZW,™ä»Z&4-£é GEGkZzgZkÆ',@7Vƒ**e’t|~Z(
„ì×~ŠØ‰eðÐªCÙƒ@*ìX̧~Z‚kÆfg)̧~!Z[ÅER,Ñ̂,cÅ£g~Z&4-£é GEGk:

(Table) ].zw

Acid !Z[ Alkali Z‚k EF,Ñ̂,cÅZ&4-£é GEGk
HCl NaOH -57.32

HNO3 NaOH -57.28

HCl KOH -57.45

HCl LiOH -57.38

Z¤/@*ë!Z[c*ZÅ¹Ðö$zgìÂER,Ñ,̂cÅZ&4-£é GEGkZƒCìYègŠ¿~Z[$zg!Z[c*$zgZ‚k»
ZzoÌ÷áïƒ@*ìXVwÆîg6,Îe*;àgzW‚àÆfg)Z$k5ë GHZ±ÅER,Ñ̂,c~!Z[ÅeÏÆ‚B

WÅVÅ©wÅ"ZW,~÷áïì6āfs~Š3c*ŠHìX OH
- Zzg H

+ ‚B
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WÅVÆfg)"ZW,HY@*ìX OH
- WÅVÃåîg6,{Îe*;àgz‚àÆfg)�ÛZë™Š{ H

+
 aè

WíZ�ZŒÆZzoÐ‘W÷XZk§bŠzâVgŠ¿‚B‚BWÐ H
+ ZkaÂZiyÃŠz!*g{‡ì™äÆa'×h+

(,_÷Z#J-Z$k5ë GHZŒåîg6,"ZW,:ƒYñX
OH

- Zzg H
+ 0*c*ŠHìaè -55.23 kJmol

-1
 Îe*;àgzW‚àÆfg)Z$k5ë GHZŒÃ"ZW,™ä»Z&4-£é GEGk

Æîg6,1Y@*ìXZkaZ$k5ë GHZŒÆZzoÅ£g~Z&4-£é GEGkÃ -57.32 kJmol
-1
 WÅVÆZâZ`ÅZz‰ŠgÃ

Æîg6,1YYìX +2.09 kJmol
-1
 

ìXÅ<å XEZ -51.34kjmol-1 6,Zñ4;àgzW‚àÆfg)E),Ñ̂,™ä»Z&4-£é GEGk 25 »C ;àgz³guZ±Ã
Æîg6,1Y@*ìX +5.98 kJmol-1 Zñ4;àgzW‚àÆZzoÅ£g~Z&4-£é GEGkÃ

Îe*;àgzW‚àÆ‚BP$zg!Z1VÃ"ZW,™äÅ£g~Z&4-£é GEGÅ2.çFGE].zw~Š~ˆìXZyŠgzVÐ

qÝƒäzZáZ&4-£é GEGÅ2.çFGEÃWy~»Ý~÷áïHŠHìX
Îe*;àgzW‚àÆ‚B$zg!Z1VÆ"ZW,™äÅ£g~Z&4-£é GEGÅ2.çFGE

!Z[)F,˜( kJmol-1 ER,Ñ̂,c»Z&4-£é GEGk kJmol-1 Z&4-£é GEGkWseÎÏZc

Z$k5ë GHZŒ -55.23 +2.09

ÃgîZŒ -56.06 +1.26

;àgz³guZŒ -12.13 +45.19

;àgzXÏ[+ -15.90 +41.42

¬ïÅwZg]!*¬ïÅZ&4-£é GEGk 10.10

(Heat of Reaction at Constant Pressure (H) and at Constant Volume (E) and the 

Relation Between Them)

Z¤/twZg]Æ_.[Æ‚BƒÂZÐZhzêîwZg]pZ43›é XGï¹Y@*ìX6ð¬ïÆŠzgZyaZƒäzZàc*
_.[ƒäzZàwZg]ÅlZgÃ¬ïÅwZg]c*¬ïÅZ&4-£é GEGk¹Y@*ìX

Æ°pÆ_.Z&4-£é GEGk~p~zZµƒCìZ#ÌÃðÂxqª~p~c*6ð¬ïƒ@* Enthalpy

ìX
ƒD÷X�āxŠgzwZg]ZzgŠ!*îÆ B Zzg A �Ûn™D÷āZq-6ðÂx~Z’Zðqª~Šz”ï

»gƒ@*ìX D Zzg C �¬ï™D÷ZzgõÝ
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ìZzg7VŠgzwZg]ZzgŠ!*î6,õÝÅWy~qªÅÂxÅ H1 �Ûn<ā”ïÅZ’ZðqªÂxÅZ&4-£é GEGk
ìZ# H2 Z&4-£é GEGk

p~»Zq-e:ŒY@*ìX H Zk§bÔ”ïŠ!*îZzgŠgzwZg]6,gŠ¿ÅwZg]c*¬ïÅZ&4-£é GEGkÃ‚Š{ZÖp~
ŠØ‰ŠgzwZg]ZzgŠ!*î6,¬ïÅwZg]c*¬ïÅZ&4-£é GEGkõ&]ÅwZg]ÆñZŠZzg”ïÆŠgxy�ÛtìXZ#

gc*MCîg6, (molecules) 6ð¬ïÐªCÙƒäzZáâŠzVÆ¤/ZxâÅ5½3ð GGi

∆H = ”ï»wZgCñZŠXõÝ»wZg]ñZŠ
wZg]pZ{¬ïÆnµƒ@*ìZzgwZg]iZ¬ïÆntƒ@*ìX  ∆H

6,}WxÆWŠññwÆ‚Bï™Zq-„ŠgzwZg] 298K ¬ïªCÙ™@*ìāZ#};àgzX»Zq-ñw
¤/òZgŠ¤/ŠÃŠ~YCìt'×h+�ÛnHY@*ìāgŠ¿!ìZzg%Ë: 285.83 kJ ZzgŠ!*î6,Zñwâù0*ã¯@*ìÂ

¡¬]ÆŠÅ§s(,kìX
¬ïÅZ&4-£é GEGkZkqª6,«ìTÆ�gŠ¿HY@*ìŠzÀòq—÷XÆ�êñ¡gm,g$454ø GEH

¯ñYD÷ª Thermochemical measurements 

xw6, (i

xŠ!*î6, (ii

ZyŠzqpV~Z&4-£é GEGkp=VÅ”]¬xîg6,ZƒCìX
: (∆E) ¬ïÅwZg])Z&4-£é GEGk(xw6, /

Z#Zq-¬ïxw6,HYg;ƒÂwZg]Åp~ÃgŠ¿ÅwZg]c*xw6,gŠ¿ÅZ&4-£é GEGk¹Y@*ìX
Vw:/úg~¢a~ËâŠ~»Š‚Z#Zq-ÈZzgḰ4542.ç GEHGE~¬ïÃxwÆ�HY@*ìÂÃð»x÷áï7ƒ@*ìZzg
wwH]Æ¬‡âyÆ_.

= xw6,¬ïÅwZg]
Zk§bxw6,¬ïÅZ&4-£é GEGkg~Z»ÄÅZ0+gzãÂZ**ð~p~Æ!*Ç',Z',ìXŠzu}/V~

ƒäzZàwZgCp~Üsõ&]ÆZ0+gzãÂZ**ðÆù´Zzg”ïÅZ0+gzãÂZ**ðÆù´ ∆E 6ðgŠ¿~
~�ÛtÅzzÐƒCìX

ÅZÌtìāxw6,_.[ƒäzZàwZg]ÅlZgÃ)êñebd(wwHClZg~p~Æ Eq )1(
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‚BÙ|#HYñX
(∆E) ¬ïÅwZg])Z&4-£é GEGk(xw6, 10.10.1

Z#Š!*îÃƒgìgŠ¿)¬ï(ÆŠzgZyÚ',ŒÛZg)x(g3Y@*ìQwZg]Åp~ÃxŠ!*î6,gŠ¿Å
wZg]¹Y@*ìX

xŠ!*î6,ÔÂxÃc*ÂcYÆnîg3Y@*ìc*Ë',@~È™Šc*Y@*ìXT6,ÚÛzãŠ!*îeZÑY@*ì
ZyqÑ]~Âx»w$+wY@*ìXxŠ!*î6,êïp~~:ÜsÄÅZ0+gzãÂZ**ð~p~÷áïƒCìÉz{»xÌ

~HY@*ìQwwH]Æ¬‡âyÐøg}0*k (Contraction) ÷áïƒ@*ì�c*ÂÂxÅÂWc*»Ú½

ÜsŠ!*îw»xìÂ W Z¤/

!*nKMõÝZzg”ï»jZ!Šï÷X R Zzg  P ƒZhÒ

)°pÅgzÐ(  H = E + PV p

Šg`fsáCìX Eq (2) ®Z

Æ!*Ç',Z', ∆H qgz!*Ñ)zZ]Ðt¥xƒ@*ìāxŠ!*î6,¬ïÅwZg]g~Z»ÄÅZ&4-£é GEGkp~
ìX

(∆H) ¬ïÅZ&4-£é GEGk)wZg](xŠ!*î6, 10.10.2

ÆŠgxy�Ût½ã:ƒäÆ',Z',ìXZk§bk̂Zzg ∆H Zzg ∆E k̂ZzgâO]6,ŒgŠ¿Åßg]~
âO]Æn

Æ',Z',7ƒYX ∆E t ∆H ZkÆ',@}¬5]~
�Ûn™,Šg`fs¬ï

Z#t¬ïxw6,GYD÷ÂÂxÆfg)c*Zk6,Ãð»x7HYñÇYè:ÂÂWƒCìZzg:„
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iZîÔ@*ëZ¤/gŠ¿xŠ!*î6,HY@*ìÂt»xnßg]~ÂxÆfg)Z�xŠc*YñÇYèw~ZŸ†ƒ@*ìX

ZzgŠzu~ßg]~Âx6,

6,gŠ¿ÅwZg]Ðic*Š{  (∆H) 6,gŠ¿ÅwZg]xŠ!*î (∆E) 6āw~¶zZµƒCìXíxw

ÐÁƒ@*X ∆H Z¤/gŠ¿ÆŠzgZy@lìÂ ∆E ƒÏZ#gŠ¿ÆŠzgZyiZîzZµƒ@*ìX²

qgzfs}¬ï6,̈g™,X

........+ b + a = n1 }”ïÆñwÅ®ZŠª =n1 �Ûn™,
.........+ d + c = n2 }õÝÆñwÅ®ZŠª n2

}”ï»w =V1

}õÝ»w =V2

’»ÛzãŠ!*î =P

Âx»ŠgzwZg]Çeä6,Zq-Và’Æn =T

PV = nRT 

PV1=n1RT Zzg  PV2=n2RT

J-ÂWc*iZî~’Æfg)HŠH»x V2ÐV1 Z[w

Å§sÐŠc*Y@*ìX

Zk§bxŠ!*î6,gŠ¿ÅwZg]Š~YCìX
∆H = xw6,¬ïÅwZg] + Åp~ÆŠzgZy V2ÐV1w

’6,c*fg)HŠH»x
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ÅµŠgªCÙ™CìāwZg]_.[ ∆E c*∆H ÅŠgc*ZkÆ',@ZEwHYYìX ∆HÐ∆EÃ (5) )zZ]
ÅtŠgªCÙ™CìāwZg]ÂxÆfg)âj1]~Š~YCìX ∆F c*∆H ƒYCìX²

Z#µƒ@*ìX       :(I)R

 ®Z

Z#tƒ@*ìX :(II)’

®Z

Z#w~Ãðp~:ƒX :(III)’

®Z

(Hess's Law of Constant Heat Summation) xwZgCù»́34ø XG»ç 10.11

ä»çÒy™@*ìāLLË¬ïÆnZ&4-£é GEGk~p~7VƒCìQeìz{¬ïZq-%µ~zZµƒc*
%ÖVÆËe~X

ä»çZk§bÐÌÒyHYYìāË6ð¬ïÆfZ&4-£é GEGkp~ZkgZ5Ð"̧gTƒñ
7VgSìTÆfg)¬ïzZµƒ@*ìX

ä»çZkCð»gZ„x{ìāZ&4-£é GEGkZq-qr³…ìZzgZknZ&4-£é GEGkp~ÜsÂxÅZ’ZðZzgWy~ =ô:
~ÃËzZu%µ~ CÅ A qpV6,«ƒCìZzgZkgZ56,7TÆfg)¬ïzZµƒ@*ìXVwÆîg6,

gZ„îg6,zZµƒ$ËìX

Šg,¥xƒVX ∆∆∆∆H Í¬ïZyŠz%ÖV~ÌzZµƒYìXÆn

ª%³
ŠzuZ%³

ù¦îg6,

Zz6,Š3ðˆ^%ÖVÆeÃªCÙ™CìXVwÆîg6,¶A ®Z34ø XGÆ®Í/õGÆ_.
³gZàÅ»g~Ãk6āfs~Š3c*ŠHìX

uVÆâÎ¬ïÆfg)gZ„îg6,»gHYYìX (Cl2) Zzg³g+ (CH4) :
$4-

Ÿ5Ó4è GG
GGE³gZàÃ

$4-
£4è GG

GE I ªgZ3
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Å»g~qgzfsŠz%ÖV~zZµƒ$ËìX CH2Cl2 :
$4-

Ÿ5Ó4è GG
GGE³gZàÃ II ŠzuZgZ3

ƒCìZzg -202.3kJ :eì¬ïZq-%µ~zZµƒc*F%ÖV~¬ïÅZ&4-£é GEGk7Vª

\ Å»g~Æ%ÖVÃŠîCìX CH2Cl2 ƒ@*ìX́^  

34ø XGÆ®Í/õGÆZ:‡] 10.12

Z¤/Ë¬ïÅZ&4-£é GEGkÃŠ!*Cîg6,¥x™**e:ƒÂ34ø XGÆ®Í/õGÆfg)C[ÅY$ËìX (i

Å»g~ÅZ&4-£é GEGkŠ!*Cîg6,¥x7ÅY$ËX CO VwÆîg6,

~ƒ$ËìX@*ëqgzfs¬5]ÅZ&4-£é GEGÉ45é FGVŠ!*Cîg6,¥xÅY$Ëì CO2 Z(Zkaā¼»g0Å‰

Å»g~ÅZ&4-£é GEGk34ø XGÆ®Í/õG»Îf™DƒñC[ÅY$ËìX CO ZzgZyÐ

~¦™ä6, (i) Ãwk™Æ)zZ] (ii) )zZ]

ƒÏZzgtÜs34ø XGÆ‡âyÆfg)„C[ÅYnÏX -110.5kJ Å»g~ÅZ&4-£é GEGk CO®Z
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Zk®Í/õGÃZy¬5]ÅZ&4-£é GEGkC[™äÆaZEwHYYìX�gZ„îg6,zZµ7ƒDXVwÆ (ii

ÅZkÆÁÜÐ»g~»¬ïŠg`fsìX CH4 îg6,

34ø XGÆ®Í/õGÅæŠÐqgzfs¬5]ÐC[Å H t¬ïgZ„îg6,Lz̧q5+k,7ƒ@*ìX@*ëZk»»
Šg,¥xƒVX H YYìXÅ»

Zy)zZÂV6,qgzfsgc*MCZqw™ä6,tŠï÷X
)zZ] (i) + 2x )zZ] (ii)X(iii) )zZ]

ìX -74.8kJ ®ZŠØ‰¬ïª
$4-

£4è GG
GEÅ»g~ÅZ&4-£é GEGkp~

Zk®Í/õGÅæŠÐËÌ%“ÅZkÆÁÜÐ»g~ÅZ&4-£é GEGkp~C[ÅY$ËìX (iii

Z�ZtÅZ&4-£é GEGkC[ÅY$ËìX (iv

34ø XGÆ®Í/õGÅZÌtìāwZgC6ð)zZÂVÃgc*MCîg6,',@*î™@*ì®ZwZgC6ð)zZÂVÃ¦H
YYìX̧&HYYìc*Ë°Š~bÐ¢[HYYìX

(Bond Energy or Bond Enthalpy) ÈÙZ&4-£é GEGk 10.13

6ð¬5]~ÈØV»IRZzgàC÷áïgLìXË6ðÈlÃÂhäÆfÂZ**ðåŠg»gƒCìZzgË
6ðÈlÅ»g~~ÂZ**ðåWiZŠƒCìX

Zq-ñw}‚>V~Ëºkë¤/ÄÈlÃÂh™}�CÙzVc*ZqVÃ»g™äc¢zg~Z&4-£é GEGkp~ÈÙ
Z&4-£é GEGkBCìX

ÈÙZ&4-£é GEGkåµƒCìYèËÈlÃÂhäÆnÂZ**ðåŠg»gƒCìXVwÆîg6,
�CÙzV~xƒ@*ìX H ‚? H2 fsÆwZgC6ð)zZ]Æ_. (i)

�ZCÙ»gGYD H î¤/DÈ/Âh™’ô H-H ÆZq-ñw‚>V~ H2 )zZ]tZ÷ág{™CìāZ#

°ñwìª 436.4kJ ÈÙZ&4-£é GEGk H-HÅ H2 Z&4-£é GEGkp~ƒCìXZkn 436.4kJ ÷Â

150



ÈÙZ&4-£é GEGkŠg`fs)zZ]Ð7ÅYCìX Cl-Cl~Cl2(g) ZÏ§b (ii)

ÃfsÅ§bªCÙHY@*ìX (dissociation) ‚ãÆZ_Og HCl(iii)

ÅZ&4-£é GEGkÆ (atomization) ‚Ó]ÆnÈÙZ&4-£é GEGk�CÙ”Ï (diatomic) tŠ¬YYìāŠz̀CÙ~
‚>VÆçA~ÈÙZ&4-£é GEGk»¦gic*Š{ë{ƒY@*ìYèM�CÙ~ (polyatomic) ÜƒCìXM�CÙ~

ñ�ŠCÙZq-ÈlZkÅpŠZq-ºmÈÙZ&4-£é GEGkgBbìX ‚ã~

X!*&+eÎÏZcZ&4-£é GEGkc* 10.13.1

ÈÙZ_Og~Z&4-£é GEGk:
Ëºm%“ÆnŠØ‰!*&+ÃZµ™äÆnŠg»gZ&4-£é GEGkc*ÂZ**ðÃÈÙZ_Og~Z&4-£é GEGkBCìX

‚ãÆåZ_OgÆnwZgC6ð)zZ]Šg` H2O È/ƒC÷X O-H Vw:0*ãÆ‚ã~Šz
fsìX

927kJ ÈØVÃÂhäÆnŠg»gÂZ**ð O-H ‚ãÆZq-ñw~Šz H2O )zZ]Ðt³À_ìā}ô

ÈzØVÃÂhäÆnŠg»gÂZ*VZ)ZµZµ(÷XtÈ/ŠzZµZµZ_Og~%ÖV O-H ìX@*ëZÐZŠ~îg6,
~áZF,îg6,fsÅ§bI¦÷X

ÈÙZ&4-£é GEGkÆŠzkH7ìZknM�CÙ~‚>VÆçA~Ëºm O-H t927kJ ÀZ&4-£é GEGkp~
ÈÙZ&4-£é GEGkÃt™**ƒÇX (average) ÈlÅZz‰

ÈlÅZz‰ÈÙZ&4-£é GEGk

ÈØVÃeg%ÖV~áZF, C-H Èlñ�ŠƒC÷X@*ëegzV C-H ‚ã~eg7V (CH4) 
$4-

£4è GG
GE (ii

îg6,IUÆnÂZ**ðÅZµZµlZgŠg»gƒCìX6āfs~Š3c*ŠHìX
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ŠgzwZg]÷B¬ïÆZ&4-£é GEGk»p 10.14

Variation of Enthalpy of a reaction with temperature (The kirchhoff equation)

ËÌ¿ÅZ&4-£é GEGk8ƒc*6ðŠgzwZg]Æ‚BZƒCìXŠgzwZg]Æ9ZW,Z]Ãqgzfs§j
ÐïÑY@*ìX¬ïÅZ&4-£é GEGk

Æfg)

™ä6,øg}0*k (differentiate) Š!*îÃxgnpƒñŠgzwZg]ÆjZáÐee$h4ï
EIGH

˜V cp = )”ïÅwZg]Å&6V»ù·(X)õ&]ÅwZg]Å&6V»ù·(

»pÂx H Ã™asÅ)zZ]¹Y@*ìX�CCìāxŠ!*î6,ŠgzwZg]Æ‚B¬ïÆ (2) )zZ]
Æ',Z',ìëZÐ�gÉMh÷X cpÆ

c*

7Vîg6,xw6,gŠ¿ÆZ&4-£é GEGkÆŠgzwZg]6,Z®gÅ§sÐŠc*Y@*ìX
c*
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ÃW‚ãÐt™™%1oHYYìāwZg]Å (4) Zzg (3) Z¤/ŠgzwZg]ÅŠpÅugKìXA$)zZ]
&&ŠgzwZg]ÐWiZŠ÷ZkÆ_.

Z¤/@*ëŠgzwZg]ÅugK7ìªZ¤/tZ’ZðŠgzwZg]Ð}ic*Š{ŠgzwZg]6,gŠ¿»ZOð»ç™**
eLìÂwZg]Å&6V»xƒ**Z[ÃðŠg„Gz£7ìZzg…Zk»ZÖg™**e’XZ‡xÃZ�xŠ¶Ð¬

~ªCÙ™**W‚yìX T ŠgzwZg]Æ»xÆîg6,wZg]Å&¢AÃ0*zg§m,Æîg6,

Š~ˆâqÆnv÷Zkn      ˜V

ÆŠgxy™ä6,øg}0*k T2 Zzg T1 ~gpp6,ZzgZ&45¾æ
EH

G
Y

f$ (3) Ã)zZ] (8) )zZ]

t™asÅ%1o)zZ]ìX (9) )zZ]

:ÈÙZ&4-£é GEGkÐ¬BZ&4-£é GEGk¥x™**: 10.14.1

‚>V~»gƒC÷X (product) ‚>V~È/I¦÷ZzgõÝ (reactant) 6ð¬5]~¬ï
ë¤/ÄÈ/gppzZàZâYX}¬5]~÷áïƒC÷ZyÅZ&4-£é GEGkp=VÃ¬5]Zzgõ&]ÅÈÙZ&4-£é GEGÉ43ð FGVÅ
æŠÐC[HYYìX

6,FFƒD÷āËºmnÅÓxÈ/7VƒC÷ZzgtāÈÙ (assumptio) ZkGz2 (calculation) õò]

Z&4-£é GEGkp~t¬ï‚>V~ (net) Z&4-£é GEGÉ45é FGVZk%“6,)«ƒC÷X~tÈ/ñ�ŠƒC÷XË¬ïÅZÝ
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ÂZ**ð (released) ÓxÈØVÃÂhäÆnŠg»gÂZ**ðÅlZgZzgõÝ‚>V~ÓxÈØVÅ»g~~WiZŠ™Š{
»ù·ƒCìX

H ¬ï» = )õ&]~ÈØVÅ»g~~WiZŠ™Š{ÂZ**ð( + )¬5]~ÈØVÃÂhäÆnŠg»gÂZ**ð(
aèËÈlÅ»g~~WiZŠ™Š{ÂZ**ðÅlZg7VÈlIU~_.[”{ÂZ**ðÅlZgÆ)z~ƒCìA$

ëÉMh÷X
H ¬ï» = )¬5]~ÈØVÃÂhäÆn¢zg~ÂZ**ð( + )õ&]~ÈØVÃÂhäÆnŠg»gÂZ**ð(

ZknË6ð¬ïÅZ&4-£é GEGà¬5]ÅÈÙZ&4-£é GEGÉ43ð FGVÆù·Zzgõ&]ÅÈÙZ&4-£é GEGÉ43ð FGVÆù·ÆâÎ»
�ÛtƒCìX

÷X (coeficient) áZiy6ð)zZ]~!*nKM¬5]Zzgõ&]ÆGz!*] n Zzg m ˜V

VwÆîg6,¬ï
ÅZ&4-£é GEGkÃfsÆL}Æfg)7HY@*ìX

!*Ç9}òŠîìYèŠz�CÙ~‚>VÅÈÙ (1) Z¤/¬5]Zzgõ&]Šz�CÙ~‚Å.ïGƒVÂ)zZ]
Z&4-£é GEGÉ45é FGV!*Ç9îg6,¥xƒC÷X

Óx¼c*ÓxM�CÙ~‚>VÅËqgppzZá¬5]ÆnZk)zZ]Æfg)C[™Š{¬BZ&4-£é GEGÉ45é FGV

ŒÛd$ŒÛd$ƒVÏXYèŒVÈÙZUÉ45é FGVZz‰Šg,ƒCìX
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Problems

Standard Enthaplies £g~ZUk
ÎZw)1(qgzfs!š‹5éG]Ð¬ïÅ£g~Z&4-£é GEGkC[<X

Šc*ƒZì

i:¬ïÅ£g~Z&4-£é GEGkÃŠg`fs)zZ]Æfg)¥xHYYìX

£g~Z&4-£é GEGkqgzfs (:¬ï 2 ÎZw)
!š‹5éG]ÐC[<X

Heat of combustion Z�ZtÅZUk:
(ÅZ�Zt£g~Z&4-£é GEGk¥x<X acetylene qgzfs!š‹5éG]ÐZ]45Ó4è GHGE)

i:Z]45Ó4è GHGEÆZ�ZtÆn6ð)zZ]qgzfsìX

Ë¬ïÅ£g~Z&4-£é GEGkÅp~ÃfsÅ§b7HY@*ìX

ZknŠØ‰¬ïÅ£g~Z&4-£é GEGkŠg`fsƒÏX
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ìXZkn -1300kJ »Zq-ñwWxÆ‚Båîg6,¬ï™@*ìX¬ïÅ£g~Z&4-£é GEGk C2H2 ŠØ‰¬ï~

(ÅZ�ZtÅ£g~Z&4-£é GEGk¥x<X CH4 (:qgzfs!š‹5éG]Æ
$4-

£4è GG
GE) 4 ÎZw)

Hess law

(:qgzfs¬ïÆn£g~Z&4-£é GEGk¥x<X 5 ÎZw)

Šc*ƒZìX

(~¦™ä6, iii (Zzg) ii (Ãwk™ÆqÝƒäzZà)zZ]Ã)zZ]) i i:)zZ])

C[<Xqgzfs    H  (Å»g~Æ¬ïÆa Ethanol (:0*ãÆ‚BZ
#-

£4è
GG

GEÆ¬ïÐZ#-£45é GG
GEw) 6 ÎZw)

!š‹5éG]ÅæŠÐX

Šg,Š~ˆ÷X ∆H (:fs~)zZ'Zzg 7 ÎZw)

C[<X ∆H qŠzfs¬ïÆn
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C[<Xqgz ∆H Æn (:¬ï 8 ÎZw)

fs!š‹5éG]ÅæŠÐ

Bond Enthalpy ÈÙZUk
qgzfs¬ïÆaZ&4-£é GEGkp~C[<X  (9 ÎZw)

ÈÙZUÉ45é FGVfsÆ_.÷X

i:ŠØ‰¬ïÆ_.¬ïÅ£g~Z&4-£é GEGkp~Å)zZ]Šg`fsìX

ÈÙZ&4-£é GEGkC[<X N-H (:qgzfs!š‹5éG]Ð£g~ 10 ÎZw)

ÅWí”ÏÅZ&4-£é GEGkC[ NH4OH ìX -51.46kJmol
-1 Å¼àZ&4-£é GEGk NH4OH Æfg) HCl(11 ÎZw)

ìX -57.35kJmol
-1 ÅZ&4-£é GEGk neutralization <X�Ûn™,Ð¸~!Z[Æ‚B̧~Z‚kÅER,Ñ̂,c

(-5.89kJmol
-1 )�Z[:

WxÐic*Š{VŠHåX C6H6(g) ¤/Zx 2 (¬ïÆ_./úg~¢a~ 12 ÎZw)

6,\+ÆZ�ZtÅZ&4-£é GEGkC[ 25C ìÂ -2.0kJmol
-1 ìXZzgÂxÅwZg]ÅRö 42.1C Z¤/ŠgzwZg]~ZŸ†
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(-3920kJmol
-1 <X)�Z[:

(:Šg`fs¬ïÆn 13 ÎZw)

qgzfs!š‹5éG]ÅæŠÐÅÈÙÂZ**ðC[<X

(798.5kJmol
-1 )�Z[:

  (:¬ï 14 ÎZw)

»qgzfs!š‹5éG]ÅæŠÐC[<X

È/ C-H             O-O             C-O                  O-H

ÈÙZUÉ45é FGV                414              499              745                    464

Kirchhoff's equation

6,27C (:Zñ*Å»g~ÅZ&4-£é GEGk¬ïÆ_.t 15 ÎZw)

6,¬ïÅZ&4-£é GEGkHƒÏ? 50C ìX -91.94kJ

ìX 37.07J Zzg 28.32JÔ28.45J 6,ñÑgwZg]Å&&!*nKM 27C **>zXÔ;àgzXZzgZñ*ÆnxŠ!*îZzg
i:™asÅ)zZ]Æ_.

c*
ñ�Š{qÑ]~

Cp = õ&]ÅwZg]Å&¬» - ”ïÅwZg]Å&&

t�Ûn™DƒñāwZg]Å&¬»ŠgzwZg]Æ‚Bps7ƒCìX
6,∆H2, 50C
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6,ŠØ‰¬ïÅZ&4-£é GEGkp~C[<X 125 C (: 16 ÎZw)

~ŠgzwZg]Æ‚BZƒCìX JK
-1
mol

-1 ò¬ï~ñ�ŠZuVÆnñÑgwZg]Å&¢A

i:ëY…÷

(Å´#ÖÐ!*CÙï%6, integral ŠgzwZg]6,«:ƒA$ZÐZ&45¾æ
EHG

Y
w) Cp Z¤/

ÃC[™ä6, Cp ŠgzwZg]6,«ìZknƒÐ¬ Cp pñ�Š{qª~

Š~ƒð©gpp6,

i™ä6,

C[<X H 6,¬ïÆn 298k (: 17 ÎZw)

¬ïÆn

!š‹5éG]ÅŠg,gpp6,

     

ìXZñ4 51.46kJmol
-1 (;àgz³guZŒÆfg)Zñ4;àgzW‚àÃ¼w™äÅZ&4-£é GEGk 18 ÎZw)

(C[<X ionisation ;àgzW‚àÅWí”ÏÅZ&4-£é GEGk)
(Ã¦™ä6, iii (Zzg) ii )zZ])
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(Æ_. i )zZ])

Bomb Calorimeter: 

J-ZŸ†0*c* 0.55C \gza-ZŒÃ/úg~¢a~Z�ZtHŠHXZ#úg~¢aÄ)øw0*ã(ÆŠgzwZg]~ 0.50g

ìX 51.46kJmol
-1 ŠHX\za-ZŒÆZ�ZtÅZ&4-£é GEGkC[<X

Z�ZtÅZ&4-£é GEGkåtƒCìX

(:zŸs#™,āqgzfsÒy/úg~¢a6,Š/™äzZá¤̈DÅ§sÐYVŠc*ŠHìX 19 ÎZw)

ÃÑÍHìXZkntƒðì�āZk~xŠ!*î~ìXZq-Z(¿6,�xw6,ƒ@*ìX

¹Y@*ìÔ̂gCîg6,ÌŠø7[ Isobaric ëŒVf™™Mh÷āxŠ!*î6,¿»_·™äÆnZq-úgk,¢aÔ&

ìX�âjwÆnîìXgŠ¿~Yg~ƒäzZàwZg]ÃñZŠ Calorimeter ìXZq-‚Š{VwwZgCîg6,ñÝ',@
Åeö™äÆnZq- ∆T ÆŠgz$+gzwZg]~p~Åeö™Æâ�HY@*ìXZ�ZtÆ¿Æn

>úg~¢aZEwHYYìXZ#âŠ{»Šc*ƒZzWx~PìX adiabetic
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:::: Numericals
ÈÙZUkC[ÙX C-Cl qgzfs!š‹5éG]Ð .1

Èl C −−−− H Cl −−−− Cl H −−−− Cl

ÈÙZUk 414 243 431

ŠgzVÐC[ÙX Å£g~ZUkqgzfs $™
)ÿ

G
.2

C[ ìX$™
)ÿ

G
Æa Æa 6,

$™
)ÿ

G
298K .3

ÙX

(Model Examination Questions) %:ZJãÎZÑ] 10.17

(Obejctive Answer Type Questions) czè�Z!*]ÆqïÎZÑ] (A)

9�Z[Å¶K0+„ÙX

Ô Å»g~Å£g~ZUÉ45é FGV!*nKM Zzg Ô Z¤/ .1

ƒÂqgzfs$™
)ÿ

G
Å£g~ZUkƒÏX Zzg

−−−−1198 kJ (d) +119.8 kJ (c) −−−−19.8 kJ (b) −−−−11.98 kJ (a)

ƒÂ»g0ÅZ�ZtÅZUkìX »g0eZðW‚àÅ»g~Å£g~ZUk .2

(d) (c) (b) (a)

Ë6ð¬ï~q&]Åù¦ZUÉ43ð FGVZzg¬5]Åù¦ZUÉ43ð FGV»�ÛtB@*ìX .3

W+”ÏÅZUk (d) Z�ZtÅZUk (c) »g~ÅZUk (b)
$™
)ÿ

G
ÅZUk (a)

»çfsÅZUk¥x™ä~Z:t”{ìX (Hess's)
34ø XG .4

ÜsuVÆâÎ
$™
)ÿ

G
(b) ËZ•ðN$™

)ÿ
G

(a)

ËZ•ð!$™
)ÿ

G
ZzgËâùÆâÎÆ$™

)ÿ
G

(d) ÜsË̂k (c)
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}‚ã~ñ�Š6ðÈlÃÂh™ZkÆWiZŠ}�CÙzVÃ»g™äÆaŠg»gÂZ**ðBCìX .5

�CÙ~ZUk (d) Î‚@ÈÙZUk (c) Šz‚@ÈÙZUk (b) ÈÙZUk (a)

(Short Answer Type Questions) ¿�Z!*]ÆqïÎZÑ] (B)

SzV~ÉÀŸ/õGX 10 fsÆCÙÎZw»�Z[

ËÂxÅZUkÐH%ZŠì? .1

Hì? (Sign) Å´#Ö ∆H wZg]iZZzgwZg]pg$™
)Õä

G
]Æa .2

wZgC6ð)zZ]Hì? .3

Ë—Å£g~qªZzg$™
)Õä

G
]Å£g~ZUkÐH%ZŠì? .4

ÈÙZUkÐH%ZŠì? .5

Å°pÉÀ
Ÿ/õGX (Entropy) £g~ñ°ZÚz8 .6

wwH]ÆŠ}‡âyÃÒyÙX .7

34ø XGÆ®Í/õGÆZ:‡]ÉÀŸ/õGX .8

Æ)z~gBbƒX ÅŠg qgzfsZâY~ÐCÙZq-ÆaZ+áZiy6ð)zZ]‘� .9

$™
)Õä

G
]Å=ôÙX (Endothermic) ZzgwZg]pg (Exothermic) wZg]iZ .10

Å°pŠØX (∆∆∆∆G) ZzgWiZŠÂZ**ð~p~ (∆∆∆∆G) WiZŠÂZ**ð .11

(Long Answer Type Questions) îs�Z!*]ÆqïÎZÑ] (C)

SzV~ÉÀŸ/õGX 30 fsÆCÙÎZw»�Z[

xwZgCù»́34ø XG»çÒyÙZzgZkÅ=ôÙX .1

Z�ZtÅ£g~ZUkÅ=ôZq-VwÆ‚BÙX .2

Å°pÉ™oƒVwÆ‚B=ôÙX (Hydration) ZzgW[”Ï (Soluation) …”Ï .3

34-ö XGOG
p~)ˆg(ÅZUkÐH%ZŠì?ZnÅ34-ö XGOG

p=VÅZUÉ43ð FGVÅVwÆ‚B=ôÙX .4

Zzg (1 atom) T#/õ EGZ#Ãð̂kZq-cY (Sign) Å´‘ ∆G Zzg ∆S Ô∆H ÂxÆ .5

ìX 6,àìXZ#ā̂k»Àò$©�î EG
0»î

™esÆ)zZ]Z~.ÙX Kirchoff's Šg<îE0wZg]Æ‚B¬ïÆZUk»pÆa .6

$™
)ÿ

G
ZUkÃC[™ä~ÈÙZUkù»gWæì?Zq-VwÆ‚B=ôÙX .7

wZgC6ð)zZ]Ã™ÆagÉ@ZtH÷? .8
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(Suggested Books for Further Readings) '×h+_¬Æa?m,™Š{ÂÁ 10.18

1. Principles of physical chemistry by Prutton and Marron

2. Essentials of physyical chemistry by Bahl and Tuli

3. Physical chemistry through problems by S.K. Dogra

4. Text book of physical chemistry by K.L. Kapoor

5. Text book of physical chemistry by Puri and Sharma

6. Text book of physical chemistry Soni and Dharmahra
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:wwH]»ŠzuZç)‡ây( 11 Z»ð
(The Second Law of Thermodynamics)

Z»ðÆZbZ
ā 11.0

£œ 11.1

wwH]ÆŠzu}çÅ¢zg] 11.2

pŠgîZzg**pŠgî¿ 11.3

wZg]Å»x~p~ 11.4

wwH]ÆŠzu}çÆZÒ**] 11.5

»g**^šzg 11.6

**»gÏÔ**»gÏZzgwwH]»ŠzuZç 11.7

**»gÏÅ‚@=ôX**»gÏZzg"F,v� 11.8

Zõ!}ò 11.9

ã~ZÖp 11.10

%:ZJãÎZÑ] 11.11

czè�Z!*]ÆqïÎZÑ] (A)

¿�Z!*]ÆqïÎZÑ] (B)

îs�Z!*]ÆqïÎZÑ] (C)

'×h+_¬Æa?m,™Š{ÂÁ 11.12
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ā 11.0

Òy™@*ìX¬®Ó4/õGJÆ_ÛÂZ**ðZq-nÐŠzu~ (Equivalence) wwH]»ªçZZlxÅÂZ**ðÅçŠq

n~psƒCìZzgç’ñÂZ**ðÆ@*,gSìX
ªç¬ïÆ!*g}~¥â]Òy7™YXªçtÌÒy7™@*āZq-¬ïzZµƒ**eìc*7Xªçt

=ô7™YāwZgCÂZ**ð»H‚z»x~psHYYìXZq-ŠJCsc~wZg]¤/x{ÐuŠ{~vƒCì
Zzgt¿Zkz‰ÜJ-Z̀~gLìZ#J-ŠJCscÅŠ7V:ƒYñXçtÒy™äÐ‡ÜìāwZg]uŠ{Ð¤/x

{Å§sYVv7ƒCXøg}x@Z]ÐëZ¬5]Òy™Mh÷X‰Zq-…»%6²wÐ−c*²w~Óf5+k,
™**Ô0*ã»NhÐnyÔ**xCâœzVÅ¹)v**c*&(@*•g~ÁÜ»ZgwÔïtÅ)ïÞÔZq-Íá»Zz™ðÐn

(Spontaneous ÅY+$±ÔX¬ÓxZqwZipŠzZµƒD÷Zzgªx5+k,~Å§s(,_÷XZyÃŠgC¿c*pŠgî¿

ë÷XwwH]Æ¬çÆÕ÷ÃŠzg™äÆawwH]»ŠzuZçŠc*ŠH�e@*ìāwZg]ÅXlZg»x~ Process)

psÅY$ËìZzgwZg]Å»x~åp~YV7ƒCX**»gÏZq-ÂxÅ"F,v�ÃªCÙ™CìX**»gÏZq-wwHC÷

ìT»Z®gÂxÆZ’ZðZzgZ•ðqª6,ƒ@*ìX (Thermodynamic function)

(Aims) £œ 11.1

ZkZ»ð~W\wwH]ÆŠzu}®Ó4/õGJZkÅ¢zg]ZzgZÃŠe$Æ!*g}~¥â]qÝ™,ÐXZkÆ´z{

**»gÏZzg»g™ŠÏÆ|xÃ™ÃÐXZkZ»ðÃå™heÆŴ\Zk‡.ÞƒYNÐX

wwH]Æ¬®Ó4/õGJÅ÷h+Z]:
(Spontaneous and Non-Spontaneous Process) pŠgîZzg**pŠgî¿ /

¬®Ó4/õGJÅpŠgzáZzg**pŠgzáÅ&4jè FG
IEÍð™ä~**»òX /

(Irreversible pŠgî¬5]Zk‚~zZµƒD÷T~ÂZiy',ŒÛZggLìZzgt¬5])wk¬5] /

÷Xt¬5]#³‚~zZµ7ƒDZ#J-ZkÆa»x:Z�xŠc*YñX Reactions)

wwH]ÆŠzu}®Ó4/õGJÆZÒ**]X /

(Efficiency) ZzgwZgCZ”Å»g™ŠÏ (Carnot Cycle) »g**^Šzg /

**»gÏÅ‚@=ôZzgÂxÅ"F,v�X /

wwH]ÆŠzu}çÅ¢zg] 11.2

wwH]»ªçÂZ**ðÅZq-nÅŠzu~n~p~ÃÒy™@*ìZzgç’ñÂZ**ðÆ@*,ƒ@*ìXwwH]»ªçt

Òy™äÐ‡ÜìāwZg])ÂZ**ð(Ãåîg6,»x)ÂZ**ð(~YVps7HYYXtçZq-¬ïÆzZµƒäc*:ƒä
Æ!*g}~zŸs#7™YXt!*]f‚d™he’āwZg]åîg6,»x~ps7ÅY$ËZ#J-¼wZg]ÁŠ6,

v:ÅYñX

wwH]Æ¬®Ó4/õ JGÆÕ÷ÃŠzu}®Ó4/õGJ~ŠzgHŠHìX
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¿ (Non-spontaneous) Zzg**pŠgî (Spontaneous) pŠgî 11.3

Šg]~zZµƒäzZá¿ÔpŠgî¿÷XZ(¿�ZipŠzZµƒ@*ìÔpŠgî¿B@*ìXÓxpŠgîZqw~p~qª

c*Zq-„‚~WÐ(,_÷XÓxŠgCZqw‰wZg]»ic*Š{ (unidirectional) jyÅ‚~zZµƒC÷Xª¿q-�

ŠÐÁŠ6,vƒ**ÔZq-Íá»—~Ðn±ÔÔ…»%6²wÐ−c*²w~Óf5+k,~™**)zß`(z){pŠgîZqw÷X
Z#ŠzŠJCš¾�ZŠ6,ƒVÔZq-Šzu}Æ‚B5™gÇYNÂwZg]ic*Š{ŠÐÁŠÆšu~v

~÷XZ#Šz))z~ (Thermal equilibrium) ƒCìXZ#J-ŠzâVš¾ÅŠZq-:ƒYñªŠzâVwZgCÂZiy
Zg‚iÆ²ßVÃ4Óf5+k,GÐ].ZKYNÂÂ…ic*Š{%6²wÐÁ%6²w~vƒ@*ìZ#J-ŠzâV²ßV»Zg‚iZq-

:ƒYñXtÓf~ÂZiyìX’»ZdŠ!*îÆ',@ÐÁŠ!*î~vƒCìŒVJ-āŠ!*îZq-:ƒYñXZkÃ}ãÂZiy
ë÷X (Mechanical equilibrium)

Zyx@Z]ÐtªCÙƒ@*ìāCÙÂxpŠlŠZk‚ÅY+$(,kìT~ZkÃqªjyc*ÂZiyqÝƒX

0*ã»·îZz™ðÐnÅY+$ƒ@*ìótpŠgî¿ìX0*ãÃZz™ð6,áYäÆa»x™**7,@*ìót**pŠgî¿ìX
Zk§bwZg]ÅÁŠÐic*Š{ŠÆ{~p~**pŠgî¿ì�geµñ~zZµƒ@*ìX

(Conversion of heat into Work) wZg]Å»x~p~ 11.4

wwH]Æ¬çÆ_.ÂZ**ðZq-nÐŠzu~n~psƒCìX‰wZg]Ãåîg6,»x~psHY@*Xt

ptçz{ÑZ_Òy7™@*TÆ�tp~ÅYCìXtx@{HŠHāwZg]Ãåîg6,»x~ps7HYYZ#J-Âx
~¼p~:ÅYñXwZg]Æåîg6,»x~psƒäÆ¼÷h+Z]÷XtZkaāwZg]Æ»x~psƒäÆa

Zq-—)âŠ{‰’Ôâù(Zq-Z2Zä~ÈƒãecX
Z2ZäÃZq-wZg]Æfí{6,gppÐ’wZg]Ã_.[™CìXZzg’~;îƒäÐ»xzZµƒ@*ìXëŠZzg

”¾;îÐ_.[”{wZg]ZWF,+»x~psƒCìXZ¤/pāwZg]åîg6,»x~vƒðpZkÆË~ZEw

”{âŠ{’Åqª~p~zZµƒðª’#ƒðqª~qÝƒðX’ÃZ-qª~ÑäÆaó**
¢zg~ìXZkÆa»xÅ¢zg]ƒCìTÅzzÐwZg]{g`ƒCìXwZg]Ð»xÃqÝ™ä (Compression)

ÐZ�xŠbecX (Cycle) Æa’ÃCÙ;îÆẐ-Z’Zðqª~Ñ**ecXZEw”{’Ã%³zZµZq-åŠzg

Z¤/#ƒð’ÃëŠ”¾˜îÐZ’Zðqª~Ñc*YñÂ’6,HŠH»xZzgZyZ`”{wZg]Ô;îÆŠzgZy

_.[”{wZg]Zzg’ÐZ�xŠb‰»xÆ)z~ƒÏXŠzgÆZ!x6,Ãð_.[”{wZg]Zzg»xzZµ7ƒÇX;îÆ

ŠzgZy»x™äÆa¼wZg]ÃÁŠ6,{g`™**ecXZk÷h+ÃwwH]ÆŠzu}®Ó4/õGJÆîg6,ÒyHYYìXwZg]Ã
Šzg~¿ÆŠzgZy»x~ps™**eìX

wwH]ÆŠzu}çÆZÒ**] 11.5

(Different Statements of Second Law of Thermodynamic)

wwH]ÆŠzu}®Ó4/õGJÆZÒ**]Ãfs~7HŠHìX
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ÓxpŠgî¬5]q-gqƒD÷@*āqªjyc*ÂZiyqÝƒX .1

wZg]ÁŠÐZdŠ6,v7ƒCZ#J-Zk6,Ûzã»x:Z�xŠc*YñX .2

Zq-Z(wZgCZ”¯**Âì�wZg]ÃÁŠÐic*Š{Š6,v™DZ#J-Zk6,Ûzã»x:Z�xŠc*YñX .3

ƒX 100% Zq-Z(ác*wZgCZ”¯**ÂìTÅ»g™ŠÏ .4

wZg]Ãåîg6,»x~ps7HYYZ#J-ÂxÆŠzu}”V6,p´V:ÅYNX .5

ÓxpŠgî¿~**»gÏ»ZŸ†ƒ@*ìX .6

»Ñ]Å**»gÏ~ZŸ†ƒ@*ìYVā»Ñ]~zZµƒäzZá¿pŠgîƒD÷X .7

wZg]»pŠgî·îq-¥qƒ@*ìªŸÆic*Š{ŠzZá{ÐÁŠÅ§sƒ@*ìX .8

Zq-Âx�"F,v�ÐF,v�qª~W@*ìÂ**»gÏ~¶ƒCìX .9

(Brasnian ÷‰',Zîãw• (exceptions) 6,¼Z"545é
IGIEN (Microscopic Level) Zk®Ó4/õGJÆpgŠ|R

(Macroscopic Level) |R ~tx@{HŠHāf¨Z]ÁZg‚iÐic*Š{Zg‚iÅ§sw•™D÷Xpx@Z]L Movement)

6,Ck7K‰X

(Carnot Cycle) »g**^šzg 11.6

7HXZkÃ»g**^Šzgë÷XZq-wZgCZ”ZEw (cycle) »g**^äZWF,+»xÆqÝ™äÆaZq-Šzg

HY@*ìT~ZEw”{—~ŸzZgp´VÅYC÷ZzgZ’Zðqª~Ñc*Y@*ìXZ¤/pāÃðÌ—ZEwÅY$Ë

Å»g™ŠÏ»Z®g (Heat Engine) ìpZq-Z2Zä~È’»ZN[HY@*ìX»g**^äec*āZq-ác*wZgCZ”
Æ�Ût6,ƒ@*ìZzgŠÆŠgxywZgCZ”»x™@*ìX»g™ŠÏ»Z®gZ”~àˆ—6,7ƒ@*XZ”~Zq- Zzg Š

tŠzgeg%Zi6,Œƒ@*ìX »ï’»ZEwHY@*ìX
(Isothermal Expansion) ëŠ;î .1

(Adiabatic Expansion) w***Zg;î .2

(Isothermal Compression) ëŠóî .3

(Adiabatic Compression) w***Zgóî .4

ZgC aè_.[”{wZg]Ãåîg6,»x~ps7HYYÔZkaf¨Z]»ðhZzÁŠ6,{g̀HY@*ìXZkÆaŠzw

Y@* ZEwH (sink) »]45ëGLE ZzgŠzuZÁŠ Š (Heat Reservior) f{],�ÛZë™**ecXZq-wZgCfí{

ZEwƒD÷X (Insulator) s ìXxŠÆf{],zV~ëŠ¿zZµƒD÷Xw***Zg~¿Æa)ñÝwZgCÝ

X ƒD÷XwZgCZ”~Z¿Ãfs~ªCÙHŠHì ZEw (Insulator) s ***Zg~¿Æa)ñÝwZgCÝ w
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»g**^ŠzgÆ%ZiÃŠ!*îXwF,®ÐªCÙHY@*ìX

(Isothermal Reversible Expansion of Gas) DëŠ”¾’»;î (I) %³
ìXZq-Z2Zä~1Y@*ìXZ2Zä~Zq-"g¥/ Š!*î6,ìZzgT»w Zq-ñw’Ã�

ìX’» ~g3Y@*ìXTÅŠ (Bark) aZƒ@*ìXZ2ZäÃZq-xŠe (Pston) Zzg−]g{ (frictionless)

wZg]ÅlZg_.[™Cì�Z�x™Š{»xÆ',Z', ƒY@*ìXZk”¾;îÆŠzgZy’ ;îzZµƒ@*ìZzgw

ÐªCÙHŠHìX AB ìXZkÃ̂~

wwH]Æ¬çÆ_.Ô

q = dE + W

dE = 0 ëŠÆa
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;îÆŠzgZyZ�x™Š{»x ˜VÔ

(Adiabatic Reversible Expansion of Gas) Dw***Zg”¾’»;î (II) %³
Z[’ÆZ2ZäÃ6eÐïw™**³ñÝ6,g3Y@*ìXZ[Š!*îÃZk§bg3Y@*ìāZk~w***Zg;îzZµ

ÃøD ƒYCìX;îÆŠzgZyZ�x™Š{»x Ð•™ ƒY@*ìZzgŠ Ð ƒX’»w

fs)zZ]ÐŠc*Y@*ìX
q = 0 w***Zg¿Æa

q = dE + W wwH]Æ¬çÆ_.Ô

ÐªCÙHŠHìX BC ZkÃ̂~

(Isothermal Reversible Compression of Gas) DëŠ”¾óî (III) %³
ƒY@*ìXóî ìX’Ãóc*Y@*ìTÐw 6,g3Y@*ìTÅŠ (Sink) Z[Z2ZäÃuŠfí{

{g`ƒCìX Ð)z~lZgÅwZg] ~’6,Z�xŠc*ŠH»x

ÃfsÅ)zZ]ÐªCÙHY@*ìX óîÆŠzgZy’6,Z�x™Š{»

ÐªCÙHŠHìX CD ZkÃ̂~

(Adiabatic Reversible Compression of Gas) Dw***Zg”¾óî (IV) %³
ZkWy~%³~’Ã**³ñÝ6,g3Y@*ìZzgw***Zgîg6,óc*Y@*ìZ#J-tZ’ZðqÑ]~:WYñXZk¿

ƒYCìX Ð ƒY@*ìZzgŠ Ð ~w

ÃfsÅ)zZ]ÐŠc*Y@*ìX óîÆŠzgZy’6,Z�x™Š{»x

ÐªCÙHŠHìX DA ZkÃ̂~

åŠzg~Z�x™Š{»x
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Æa (BC) w***Zg¿

Æa (DA) w***Zg¿

c*

~Šg`™ä6,Ô (4) Zy†VÃ)zZ]

Ð„™ä6,Ô (1) Ã)zZ] (5) )zZ]

c*

Ð 'η' c*wZgCZ”Å»g™ŠÏBCìXZkÃ (Thermodynamic Efficiency) ÅÚwwHC»g™ŠÏ

ªCÙHY@*ìX

wZgCZ”ÐZ�x™Š{»x_.[”{wZg]ÅzzÐƒ@*ìX

ZEw”{wZg]
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Zz6,Å)zZ]ªCÙƒ@*ìāwZgCZ”)wZg]Ã»x~ps™äÅ}+M(Å»g™ŠÏ»Z®gŠÆ�Ût6,ƒ@*ìT

ÆŠgxyZ”»x™@*ìX»g™ŠÏZEw”{—ª̂kÔâùc*’6,«7ƒCX

tZWF,+»g™ŠÏìYVāCÙ%µ6,Z””¾§i6,¿™@*ìX

ƒÏXZk» ƒÂ ÅŠÃÁÐÁ™Æ(,Jc*Y@*ìXZ¤/ (Sink) wZgCZ”Å»g™ŠÏÃ_5ë LE

ƒª#Š (Absolute Zero) ÈtìāwZg]Ãåîg6,»x~psHŠHìpZ(�7ƒYTÅŠ#Ç

**‡.Þ”wìX

„gCÎZÑ]:

ÆŠgxy»x™@*ìXZ”ÅZW»g™ŠÏC[ÙX Zzg Zq-¸\Z” .1

i:

úg~wZg}wZg]_.[™@*ìXZ”ÐZ�x™Š{»xC[ÙXZ¤/t 453.6 Zq-wZgCZ”¤/x6eÐ .2

ŠÆŠgxy»x™}X Zzg

úwZg} i:

? = W
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úg~wZg}{g`™@*ìX¤/xfí{ 6 ŠÆŠgxy»x™@*ìZzg 500K Zzg 300K Zq-»g**^Z” .3

Ð_.[”{wZg]C[ÙX (Heat Reservior)

úg~wZg} i:

?

Ô**»gÏZzgwwH]»ŠzuZç (Entropy) **»gÏ 11.7

@*ìX gÏZq-wwHCLqªìX‰ÂZ**ðÔZ0+gzãÂZ**ð)lZgwZg](z){T»Z®gZ’ZðZzgZ•ðqª6,ƒ **»

**»gÏZq-ÂxÅ"F,v�ìX**»gÏ~ZŸ†ÐpŠgî¿zZµƒD÷X
wwH]ÆŠzu}çÆ_.Ô

x

BCìXZkÃ (Entropy) ÅÚ**»gÏ (T) ZzgŠ (q) ”¾¿ÆŠzgZy_.[”{wZg]c*{g`™Š{wZg]

ÐªCÙHY@*ìX 'S'

c*
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ÑpÐ„Z÷p~Æa

ìX c* ZkÅZ»ð

Z#Zq-¿ÃF%ÖV~Z�xŠc*Y@*ìZzgZ’Zðqª~Ñc*Y@*ìóqÝ**»gÏ#ƒYCìX

ƒÏX Æ',Z',ƒCìZzg)”¾¿Æa ”¾¿~**»gÏ

**»gÏÅ7ÐpŠgîÔ”¾c***‡.Þ¿Å1ªkÅYCìX
(Reversible Process) ”¾¿ Z¤/

(Spontaneous Process) pŠgî¿

¬ï**‡.Þ¿

äŠzu}çÃ**»g™ŠÏÅZ˜b~ÒyHX (Claussius)
]̄4ø
IG

ÓxpŠgî¬5])”¾ƒD÷ZzgCÙpŠgî¿~**»gÏ~ZŸ†ƒ@*ìX .1

»Ñ]Zq-êŠÂxìZzgZkÅ**»gÏ~ZŸ†ƒ@*gLìX .2

ÓxŠgC¿ÔpŠgîƒD÷XpŠgîˆ~ZŸ†Ð**»gÏ~ÌZŸ†ƒ@*ìX .3

Z(¿�"F,v�g‚rìópŠgzá»gDyg‚rìX .4

**»gÏÅ‚@=ôX**»gÏZzg"F,v� 11.8

wwH]~lZg~S:]6,cÅYCìZzg‚>VZzg�CÙzVÅ‚|#»Ãðm7ƒ@*pQÌZkÐwwH]

(Statistical ÅS:]ÃK~æŠQìXZ¤/tS:]ÃZÐZŠ~S:]Ð%1oHYñÂZkn»_·Ñgc*CwwH]
~HY@*ìXZkaZq-’ÅÂZ**ðÃZkÆ‚Ó]ÅÂZ**ð!*ÁòZzgÂZ**ð!*wÐC[HY@*ìX Thermodynamic)

Ã**0*Y@*ìXZb6Ð%ZŠ‚>V (Randomness) **»gÏÃËÌ‚@S¤Ð%1o7HYYXZkÐÂxÆZb6

ÅF,KMÆZ§j÷X
F,KMÆZ§hV»Z®gÂx~ñ�ŠZqpV6,ƒ@*ìXX~tw•™D÷Zq-âù~Zb6̂kÆ

£«~ic*Š{ƒ@*ìYVāâù~‚Ó]×ic*Š{WiZŠZ:w•™D÷XZq-’~Zb6Zzgic*Š{ƒ@*ìXYVāZ£à

¸]Å)ñ�ŠÏ~}‚Ó]',@ÆËÌ8zõ O~w•™Mh÷XZb6ÂxÅ$+�c*"F,v�ìX**»gÏÔ$+�c*"F,v�

Åeö»Zq-§iìXZ#ëZq-F,KM”{̂kÐ"F,KM}qªÅ§sYNÂ**»gÏ~ZŸ†ƒ@*ìX
Zk=ôÅZ‚k6,tU*"$HYYìāpŠgî¿~**»gÏ»ZŸ†ƒ@*ìX’»;îic*Š{Š!*î)Áw(ÐÁŠ!*î)ic*Š{

w(Æ',@~zZµƒ@*ìXÁwc*ic*Š{Š!*î',@~wÁƒ@*ìZ#āic*Š{wzZá',@~‚>VÆaŠø7[(ic*Š{ƒCìX
TÐ‚Ó]Å"F,v�)$+�(c***»gÏ~ÌZŸ†ƒ@*ìXZÏ§b%6²wÐ−c*²w~Óf5+k,~ÆŠzgZy‚Ó]ic*Š{

Zb6Å§sâbƒ™w•™D÷XwZg]Æ¤/x{ÐuŠ8zõ OÅ§s·îÆŠgxy‚Ó]~wZg]Å„~"F,v�
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ƒCìX
ÓxŠgC¿‰âO]ÅóÔ**xCâœzVÅ‰)TÐgL‚Ó]qÝƒD÷(Ô~Âx"F,KMqª

Z(g™@*ìª**»gÏ~ZŸ†ƒ@*ìXZk§bëÈMh÷ā̂kÐâùZzg}qª~YNÂ"F,v�Zzg**»gÏ(,fYC

ìXÓxŠgC¿~pŠgzáZzg**»gÏic*Š{ƒCìX

(Learning Outcomes) Zõ!}ò 11.9

ZkZ»ð~W\äøDfsÆ!*g}~¥â]qÝÅìX
wwH]Æ¬çÆ_.ÂZ**ð:aZÅY$ËìZzg:+ÅY$ËìXÂZ**ðZq-nÐŠzu~n~psÅYCìX .1

ZkÃç’ñÂZ**ðÌë÷X

YX wH]»ªçtÒy™äÐ‡ÜìāwZg]»H8~î O»x~psƒ@*ìXtçË¿ÅpŠgzáÅ&4jè FG
IEÍð7™ w .2

wwH]ÆŠzu}çÆZÒ**]Šb‰XZkç~ZwwHCS:]7ÅIX .3

7ƒ$ËX)»g**^Šzg( 100% Zq-wZgCZ”Å»g™ŠÏ .4

){X gî¿z{ì�ZipŠzZµƒ@*ìX‰wZg]»¤/x8zõ OÐuŠ8zõ O~vƒ**Ô0*ã»Zz™ðÐnÅ§s·îÔÓf5+k,~z pŠ .5

ƒD÷X (Uni Directional) ÓxŠgC¿ÔpŠgîƒD÷X~**»gÏ~ZŸ†ƒ@*ìZzgt¿q-¥q .6

»g**^»šzgZq-šzg~¿ìT~ZWF,+»xqÝƒ@*ìX .7

ÃeCìX (Disorderness) **»gÏZq-ÂxÅ"F,v� .8

**»gÏÐÂxÅâÎª”¾¿ÔpŠgî¿»Z0+Zi{Îc*Y@*ìXZkÆ´z{¬ïÆzZµƒäÅ7ªÏÅYC .9

ìX
”¾¿ ∆S = 0 Z¤/

)”¾¿ ∆S > 0

¬ïzZµ7ƒ@*X ∆S < 0

wZg]Æåîg6,ÂZ**ð~psƒäÆa¼úZïqÝƒD÷X .10

(Key Words) ã~ZÖp 11.10

z{¿�ZipŠzZµƒX pŠgî¿ .1

Zq-ÂxÅ"F,v� (Entropy) **»gÏ .2

wZgCZ”ÅwZg]Å»x~ps™äÅ&¢A (Efficiency) »g™ŠÏ .3

(Cold Reservior) uŠfí{ (Heat Reservior) ¤/x6e .4

…»Óf5+k,GÐic*Š{Zg‚iÐÁZg‚i²w~vƒ**X (Diffusion) Óf5+k,~ .5
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(Model Examination Questions) %:ZJãÎZÑ] 11.11

(Obejctive Answer Type Questions) czè�Z!*]ÆqïÎZÑ] (A)

9�Z[Å¶K0+„Ù:

wwH]»ªç .1

W&4k5é JEHí»ç (d) çˆ (c) ç¿S (b) ç’ñÂZ**ð (a)

pŠgî¿Å**»gÏ .2

ÃðÌ7 (d) (,fZzgnì (c) nì (b) (,fì (a)

Å)zZ] (∆S) **»gÏ .3

(d) (c) qT (b) (a)

»g**^Šzg~»g™ŠÏÅ)zZ] .4

Óx9 (d) (c) (b) (a)

ƒÂ ∆S > 0 Z¤/ .5

”¾¿ (d) ¬ïzZµ7ƒ@* (c) **pŠgî¿ (b) pŠgî¿ (a)

¾âŠ{~**»gÏZWF,+ƒCì? .6

ÓxâœzV~ (d) ’ (c) âù (b) k̂ (a)

ìX (η) ÆŠgxy»x™@*ìXZkÅ»g™ŠÏ Zzg Zq-wZgCZ” .7

10% (d) 50% (c) 26.8% (b) 100% (a)

ƒÏX 100% Å¾Š6,»g™ŠÏ (Sink) uŠ{ä .8

(d) (c) 0K (b) (a)

”¾¬ïÆa .9

Ãð7 (d) ∆S > 0 (c) ∆S < 0 (b) ∆S = 0 (a)

fs~ÃyÏ{¤ÔwwHC7ì? .10

∆S (d) ∆H (c) ∆E (b) q (a)

(Short Answer Type Questions) ¿�Z!*]ÆqïÎZÑ] (B)

SzV~ÉÀŸ/õGX 10 fsÆCÙÎZw»�Z[

øDfsZ˜bÅ=ôÙZzgVBŠØX .1

”¾¿ (c) **pŠgî¿ (b) pŠgî¿ (a)
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pŠgî¿ÆŠzgZy**»gÏ~ZŸ†ƒ@*ìÔ=ôÙX .2

fsÆ¾�h~**»gÏ»�ÛtZ÷F,+ì?zŸs#ÙX .3

0*ãZzgggZ] (c) ',sZzg0*ã (b) k̂W-e+ZzgW-e+ggZ] (a)

**»gÏÅ°pÙZzgZkÅZ»×VÉÀŸ/õGX .4

»g™ŠÏÐH%ZŠì?=ôÙX .5

ÁÑZ_Æ�Zq-¿pŠgzáÅ§s(,kì? .6

wwH]Æ®Ó4/õGJÆÃð&Ò**]ÉÀŸ/õGX .7

¾ÑoÆ�»g**^Z”)wZgCZ”(Å»g™ŠÏœ‚ƒÏ? .8

(Long Answer Type Questions) îs�Z!*]ÆqïÎZÑ] (C)

SzV~ÉÀŸ/õGX 30 fsÆCÙÎZw»�Z[

wwH]ÆçÆZÒ**]ÉÀŸ/õGZzgCÙZq-Å=ôÙX .1

»g**^Z”ÅZWF,+»g™ŠÏÆa)zZ]Z~.ÙX .2

**»gÏÅ‚@=ôÅzŸs#ÙZzgZVBŠØX .3

Zq-wZgCZ”ÅZW»g™ŠÏÆaHÑZ_ZC**ec? .4

úwZg} 250 ŠÆŠzgZy»x™@*ìX¤/xfí{ÐXwZg]ï$ec@*ā Zzg Zq-¸\Z” .5

»xqÝƒX

(Suggested Books for Further Readings) '×h+_¬Æa?m,™Š{ÂÁ 11.12

1. Principles of Physical Chemistry by Prutton and Marron

2. Essentials of Physyical Chemistry by Bahl and Tuli

3. Physical Chemistry Through Problems by S.K. Dogra

4. Text book of Physical Chemistry by K.L. Kapoor

5. Text book of Physical Chemistry by Puri and Sharma

6. Text book of Physical Chemistry Soni and Dharmahra
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WiZŠÂZ**ðZzg»x»·¶ : 12 (A) Z»ð
(Free Energy and work Function)

Z»ðÆZbZ
ā 12.0

£œ 12.1

µ4ø
Y

EWiZŠÂZ**ðÅ8=ô 12.2

(WiZŠÂZ**ð Helmholtz
45Ð.ð
XGË.çHE) 12.3

(WiZŠÂZ**ð»m Helmholtz
µ4ø
Y

EWiZŠÂZ**ðZzg45Ð.ð XGË.çHE) 12.4

(derivation µ4ø
Y

EX45Ð.ð XGË.çHE)zZ]»Z~.) 12.5

!5½ið GswwH]©] 12.6

Zõ!}ò 12.7

ã~ZÖp 12.8

%:ZJãÎZÑ] 12.9

czè�Z!*]ÆqïÎZÑ] (A)

¿�Z!*]ÆqïÎZÑ] (B)

îs�Z!*]ÆqïÎZÑ] (C)

'×h+_¬Æa?m,™Š{ÂÁ 12.10
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(Preface) ā 12.0

µ4ø
Y

EWiZŠÂZ**ðÔ45Ð.ð XGË.çHEWiZŠÂZ**ðZzg!5½ið GswwH]©]»_·wZgC6YÆZk*yÆñZŠÅú™@*ìX

(Aims) £œ 12.1

(WiZŠÂZ**ðÆ!*g}~¥â]�ÛZë™**Ô Helmholtz CYÃµ4ø
Y

EWiZŠÂZ**ðÅ8=ôÐWÇ{™**Ô45Ð.ð XGË.çHE)

(Œ**Ô derivation (WiZŠÂZ**ð»mzZã™**Ôµ4ø
Y

EX45Ð.ð XGË.çHE)zZ]»Z~.) Helmholtz
µ4ø
Y

EWiZŠÂZ**ðZzg45Ð.ð XGË.çHE)
!5½ið GswwH]©]Œ**X

µ4ø
Y

EWiZŠÂZ**ðÅ8=ô 12.2

ZÚZ8p~Ë¬ïÆZipŠƒä»ê™Cìpic*Š{F,6ð¬5]~Z&4-£é GEGkZzgZÚZ8ŠzâVÅp~ZëìYèt
Æi%}~WC÷X_·Ðt!*]ªCÙƒðìā Open System c*LAÂxó Closed system ¬5]LÈÂxóþþ

ÜsZ&4-£é GEGk~¶c*ZÚz8~ZŸ†ZyÂñV~ZipŠlŠp~»ç7™D÷X®ZZkp~ÃKÆnZq-6

(ë÷: Gibbs function wwHC·¶ÐzZ/¢zg~ì&µ4ø
Y

E·¶)

G = H - TS

(ÅVwì‚B„tZq-qª·¶ìX Extensive property
µ4ø
Y

E·¶zW{¤)

ËÂxÆnÔµ4ø
Y

EÂZ**ð~psÃqgzfs)zZ]Æfg)ŒYYì:

xŠgzwZg]6,

7èYCZzgë‚Š{̂~)zZ]˜÷: System ¬xîgÐik,,´#Ö
µ4ø
Y

EÂZ**ðp~ = ZÚZ8p~<ŠgzwZg]
Zzg"F,v�Åeö ∆∆∆∆H qgz!*Ñµ4ø

Y
E)zZ]¹ZëìYèZk~ZipŠ»g~ÆŠzâVZg»yÂZ**ðÅp~

Ðµì�ŠzâVÂZ**ðÆZg»y÷X ∆∆∆∆S Zzg ∆∆∆∆H ÅZ»ðÔÂZ**ðÅZ»ðìaèt ∆∆∆∆G ÃZq-‚BŒYYìX ∆∆∆∆S

ÆZiŠpŠgz~ÐmÃ'øg}n¢zg~ìX ∆∆∆∆G
µ4ø
Y

E·¶

…Øìā

ÂxZLZ§ZsÆ‚BwZgCÂZiy~ìÂâjw»ŠgzwZg]ZzgÂx»ŠgzwZg]7VìX'×h+âjwÅ
Z#-£é GEk~ZŸ†ÔÂxÅwZg]â¦~¶Æ',Z',ìX
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ZknÔâjwÅZÚZ8p~:

qgz!*Ñ)zZ]ÃŠz!*g{F,KMŠ¶6,

ZipŠ¿ÆaÔ

{ØÂZ**ðì�āÆ»x™äÆnŠø7[ìZkntWiZŠÂZ**ðÅeöìXZÐ¬ïÅWiZŠÂZ**ð ∆∆∆∆G

(Ìë÷X Free energy of the reaction)

xŠ!*îZzgŠgzwZg]6,ÔZipŠgz~»Èg½™CìX ∆∆∆∆G

#ÐÁì)ªtì(Â¿ZipŠìX ∆∆∆∆G )1(Z¤/

#Ðic*Š{ì)ªµì(Â¿ZipŠ7ìX ∆∆∆∆G )2(Z¤/

Ã'×h+,ÐKÆnŠg`fs].zw»_·HYYìT~Cc*ŠHìāZUkp~c*ZÚz8  ∆∆∆∆G

p~ZzgŠgzwZg]Åtc*µ‚í»µ4ø
Y

EÂZ**ð6,HZW,7,@*ìZzg“¬ïZipŠ»g~Cc*åX

WiZŠÂZ**ð (Helmholtz)
45Ð.ð
XGË.çHE 12.3

wH]~Zq-¦gì˜VxŠgzwZg]ZzgwÆ‚BÈ (w Helmholtz Free Energy
45Ð.ð
XGË.çHEWiZŠÂZ**ð)

ÂxÆ»xÅêñeZ#-)ë JE7"54k5ÿ
HG

EI
G»ZEw™DƒñeöÅYCìXZÐŠg`fs)zZ]Æîg6,ÒyHYYìX

 A = U − TS

˜VÔ

A = 
45Ð.ð
XGË.çHEWiZŠÂZ**ð)�w~(
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U = ÂxÅZ0+gzãÂZ**ð)�w~(

T = âjw)Z§Zs(»ÇŠgzwZg])úy~(

S = ÂxÅZÚz8)�w°úy~(

WiZŠÂZ**ð»m (Helmholtz) µ4ø
Y

EWiZŠÂZ**ðZzg45Ð.ð XGË.çHE 12.4

µ4ø
Y

EWiZŠÂZ**ðZzg45Ð.ð XGË.çHEWiZŠÂZ**ðŠzâVZëwwHCZdw÷ÎwwHC7"54hÎæ
HGEIE¹Y@*ìX

45Ð.ð
XGË.çHEWiZŠÂZ**ðŠgzfs)zZ]ÐCðYCì

 A = U − TS

Æfg)Z0+gzãÂZ**ðÆ÷ÐqÝÅY$ËìX Legendre transfrom qgz!*Ñ]°p

(Æîg6,÷X Natural Pair oZ]ŠgC�h}) T,V
45Ð.ð
XGË.çHEWiZŠÂZ**ð~

Æne�Û$h43ï
EIJGH™ä6, A )zZ]Ã

dA = dU − TdS − SdT

wwH]Æ¬ZzgŠzu}‡âyÅgc*MC^ZEw™ä6,Ô
TdS = dU + pdV

dA = − pdV − SdT

ZÏ§b

A = A (V,T)

Zkn45Ð.ð XGË.çHEWiZŠÂZ**ðÔxw6,wwHC7"54hÿ
HG

EI
Æîg6,YãYCìX

p~cxgSìX Isothermal-isochoric tËÌ

Zk§bÆÂxÆn45Ð.ð
XGË.çHEWiZŠÂZ**ðÁÐÁƒCìYèÂxÂZiyÅ§sâbƒ@*ìX

Z[µ4ø
Y

EWiZŠÂZ**ðÅ!*]™D÷Ô)zZ]Æ_.
G = U + pV - TS

qgz!*ÑmZ0+gzãÂZ**ðÃ¶ÆÊ-C45å GEG
EHgöR,ZÓgÂÐops™äcÃƒYìX

tqgzfŝ~Ì–YYì
ZUkìX H = U + pV ˜V G = H - TS 

Ãe�Û$h43ï
EIJGH™ä6, G Z[

dG = dU + pdV + Vdp - SdT - TdS

Zq-!*gQwwH]Æ¬ZzgŠzu}‡âyÅgc*MC^ZEw™ä6,Ô)Zyp~c(
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dG = Vdp - SdT

G = G (T, p) ZÏ§b
µ4

ø
Y

EÃ¶ÔxŠ!*î6,wwHC7"54k5ÿ
HG

EI
GÌB@*ìX

xƒ@*ìX G p~cÔ Isothermal-isobaric ËÌ

ÃÁÐÁƒ**ÑiòìX G Z,ÂxÃÂZiy~g�c

(»!*nKMmìX Specific heat tC**ÌŠp»!*)̄ìāxwZzgxŠ!*î6,ºmwZg])

Zzg

(derivation) µ4ø
Y

EX45Ð.ð XGË.çHE)zZ]»Z~. 12.5

Šg`fs)zZ]ÐÑzq™,Ð dervivation

dG = -SdT + V dp

ÆnÔZzg¥â]Æ_. differentialÆG

H = G + TS

Æe�Û³Úƒ»Zq-ˆ[Ôe�Û
$k54jè
EIJGIE»6,ze–Zßw**Ç™ä6,Ô G/T

Zkn

]e�Û³Æn@)zZ]Æ‚BñZi:™ä6,Ô
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(µ4ø
Y

EX45Ð.ð XGË.çHE)zZ]Z~.™Cì�āqgzfsì: dP = 0 Åp~Ô)Z# G/T ÆjZáÐ T xŠ!*î6,

!5½ið GswwH]©] 12.6

!5½ið Gs©]-°Æ!*bmÐZ~.K‰÷X©]»ZÖgbz~̧&~ƒ@*ìXÃgxÔ!5½ið Gs©]

ZzgêñeZÑî  G ÔZzgµ4ø
Y

EWiZŠÂZ**ð A (Ô45Ð.ð XGË.çHEWiZŠÂZ**ð H (ÔZ&4-£é GEGk) U S¤ÆZdw6,Œ÷ÔZ0+gzãÂZ**„)
ÔŠ!*îÔwZzgŠgzwZg]ÔU*â~!i¨é IG]Æn!5½ið Gs©]].zwŠg`fsì: S cZ¢aiÔZ´z8

(Learning Outcomes) Zõ!}ò 12.7

WiZŠÂZ**ðÆ (Helmoltz) ZkZ»ð~Cµ4ø
Y

EWiZŠÂZ**ðÅ8=ôÆ!*g}~¥â]qÝÅÔZkÆ´z{45Ð.ð XGË.çHE

WiZŠÂZ**ð»mÆ!*g}~zZãîg6,Y**ZzgWy~ (Helmoltz) !*g}~ÌY**XCäµ4ø
Y

EWiZŠÂZ**ðZzg45Ð.ð XGË.çHE

ZzgFswH]Æ©]ÃŒX (Derivation)
45Ð.ð
XGË.çHE)zZ]ÃZ~.

(Key Words) ã~ZÖp 12.8

tZq-êñebå7"54hÿ
HGEIì�»xÅic*Š{Ðic*Š{lZg»ˆ[ÎäÆaZEwÅYCìX µ4ø

Y
EWiZŠÂZ**ð: .1
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(Model Examination Questions) %:ZJãÎZÑ] 12.9

(Obejctive Answer Type Questions) czè�Z!*]ÆqïÎZÑ] (A)

9�Z[Å¶K0+„ÙX

ƒ@*ìX fs~Ð¾çA~ÓxŠgzwZgÂV6, .1

∆∆∆∆S < 0,  ∆∆∆∆H < 0 (b) ∆∆∆∆S = 0,  ∆∆∆∆H = 0 (a)

∆∆∆∆S < 0,  ∆∆∆∆H < 0 (d) ∆∆∆∆S > 0,  ∆∆∆∆H < 0 (c)

ìX ìXZk$™)ÿ
G

Æa 6,Ë}%Zy¬ïÆaÂZiã!h4¨Ïî
GG

475 K .2

−41 kJ (d) +31.5 kJ (c) +41 kJ (b) −31.5 kJ (a)

ƒÇX Zzg gppzZáË%Zy
$™)ÿ
G

Æa ÂZiy6, .3

(b) (a)

(d) (c)

(Short Answer Type Questions) ¿�Z!*]ÆqïÎZÑ] (B)

SzV~ÉÀŸ/õGX 10 fsÆCÙÎZw»�Z[

ÆwwHC©]ÃZ~.ÙX (Maxwell)
!5½ið Gs .1

Ë¿Å"‚$Ðµ4ø
Y

EÂZ**ð»Hmì?=ôÙX .2

(Long Answer Type Questions) îs�Z!*]ÆqïÎZÑ] (C)

SzV~ÉÀŸ/õGX 30 fsÆCÙÎZw»�Z[
45Ð.ð
XGu,WiZŠÂZ**ðZzgµ4ø

Y
EWiZŠÂZ**ðÆŠgxymªCÙ™äzZà)zZ]Z~.ÙX .1

µ4
ø

Y
EÂZ**ðÅ8=ôÙX .2

WiZŠÂZ**ðÅ8=ôÙX .3

Zzgµ4ø
Y

EWiZŠÂZ**ð~p~Å°pÒyÙX (∆∆∆∆G) WiZŠÂZ**ð .4

(Suggested Books for Further Readings) '×h+_¬Æa?m,™Š{ÂÁ 12.10

1. Principles of Physical Chemistry by Prutton and Marron

2. Essentials of Physyical Chemistry by Bahl and Tuli

3. Physical Chemistry Through Problems by S.K. Dogra

4. Text Book of Physical Chemistry by K.L. Kapoor

5. Text Book of Physical Chemistry by Puri and Sharma

6. Text Book of Physical Chemistry Soni and Dharmahra
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(Model Examination Questions) %:ZJãÎZÑ] 12.5

(Obejctive Answer Type Questions) czè�Z!*]ÆqïÎZÑ] (A)

9�Z[Å¶K0+„ÙX

wwH]ÆŠ}‡âyÆ_.Ç#ŠgzwZg]6,Ë»ïF,KM”{N—Æa' .1

ZÚz8ZWƒCì (d) ZÚz8#ƒCì (c) ZUkZWƒCì (b) ZUk#ƒCì (a)

Zñ*Å»g~~ZÚz8' .2

(,|$ËìÁƒ$Ëì (d) )ps”{gSì (c) ÁƒCì (b) (,fì (a)

ÅZÚz8' NaCl ƒ@*ìXZka (Crystallise) ¯È NaCl Ë§”{²wÐ .3

(,|c*•$Ëì (d) xgSì (c) ÁƒCì (b) (,fì (a)
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(Short Answer Type Questions) ¿�Z!*]ÆqïÎZÑ] (B)

SzV~É
ÀŸ/

õ
G

X 10 fsÆCÙÎZw»�Z[

wwH]»ŠZ‡âyÒyÙX .1

Å´‘T#/õ E
G

XZ#Ãð̂kZq-cYZzg ∆∆∆∆G Zzg ∆∆∆∆S Ô∆∆∆∆H ÂxÆ .2

ìX 6,àìZ#ā̂k»`»î

ZÚz8)**»gÏ(ÐH%ZŠì?oƒVwÆfg)Œ�X .3

(Long Answer Type Questions) îs�Z!*]ÆqïÎZÑ] (C)

SzV~É
ÀŸ/

õ
G

X 30 fsÆCÙÎZw»�Z[

wwH]ÆŠ}‡âyÆZ:‡]ŠØX .1

HwwH]»ŠZ‡âytªCÙ™@*ìāÇ#Åu~ŠgzwZg]»Zq-!*Ç™9âŠ{»ZÚz8Zk~ƒäzZàp=V .2

ÐŠ!*îc*wÐWiZŠƒ**ec?

ìXÄŠgzwZg]6,t"‚�Ð)"‚� Ô Ëºm
$™)

ÿ

G

Æa .3

~psƒÇ?
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:6ðÂZiyc*6ð¬Šw 13 Z»ð
(Chemical Equilibrium)

Z»ðÆZbZ
ā 13.0

£œ 13.1

”¾Zzg)”¾¬5] 13.2

6ðÂZiyX6ðÂZiyÅwÅâÎZzgZqÐi~S:] 13.3

ç¿S 13.4

6ðÂZiyÆZlx 13.5

Å)zZ]ZzgZy~ģ Zzg ÂZiãx 13.6

„gCÎZÑ]

ç¿SÆZEÑ]: 13.7

13.7.1

13.7.2

13.7.3

13.7.4

Zõ!}ò 13.8

ã~ZÖp 13.9

%:ZJãÎZÑ] 13.10

czè�Z!*]ÆqïÎZÑ] (A)

¿�Z!*]ÆqïÎZÑ] (B)

îs�Z!*]ÆqïÎZÑ] (C)

'×h+_¬Æa?m,™Š{ÂÁ 13.11
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ā 13.0

¬5]ÆŠzZlx÷X”¾¬5]Zzg)”¾¬5]X

”¾¬5]Šz¥qƒD÷ªt¬5]WÐZzgúÅ‚Zq-‚BzZµƒD÷Z#ā)”¾¬5]q-¥q

ƒD÷ZzgÜsWÐÅ‚~(,_gT÷X (Unidirectional)

ë÷XZkÃ (Equilibrium) ”¾¬5]~¬ïÅgëg¼æ]Æˆ)z~ƒYCìXZkqªÃÂZiãqª

Ìë÷ªZŒZzgÔ¬ïZq-‚BWÐ(,_gT÷X (Dynamic Equilibrium) wÅÂZiy

çiSÆ_.Zq-¬ïÅgëg!3™)Õä
G

]ÆZg‚ic*¬ïSÆgZ„pÐƒƒCìXª!3™)Õä
G

]ÆZg‚ic*¬ï

S~ZŸ†Ð¬ïÅgëg(,fYCìXZq-”¾¬ïåzZµ7ƒ@*YVā#³¬5]Zq-‚BzZµƒD÷XZ’ZY

~Üs¬ïWÐÅ‚(,kìp¼z‰ÜÆ#̂³¬ïÅgëgZg‚iÆgZ„pÐƒƒCìX{mæ]ÆˆŠzâV
¬ïÅgëg)z~ƒYCìªwÅÂZiyzZµƒ@*ìX

”¾$™)Õä
G

]~
!3™)Õä
G

]Zzgq&]‘W÷Xç¿SÃ%·]Å@*;~ZEwHY@*ìX
Æ§jÐZñ*Å@*;̈gÙX (Haber) 42.ç XGE

Å¹Ð qÝƒCìX¼æ]Æˆ ¬ïÅZ’ZY~WÐÆ¬ïÅgëg~ZŸ†ƒ@*ìZzg

qÝƒD÷X Zzg

Å(,~lZg~@*;ƒCìX Ã',@ÐïÑYñÂ¬ï#³Y+$7(,kXZk§b Z¤/

6ðÂZiy6,FúZï‰Zg‚iÔŠÔŠ!*î)}¬5]Æa(ZW,Z0+ZiƒD÷XÓÏ¬ïÐ6ðÂZiy~p~

7ƒCÉ6ðÂZiy¢qÝƒ@*ìYVāÓÏ¬ïŠZNZzg!*NY+$Æ¬ïÅÑb~ZŸ†™@*ìX

Ñ 13.1

ZkZ»ðÃå™heÆŴ\Zk‡.ÞƒYNÐX

”¾Zzg)”¾$™)Õä
G

]X /

6ðÂZiyZzgÂZiãqªX /

ç¿ZzgZEÑ]X /

I÷6ðÂZiyZzg)I÷6ðÂZiy /

)zZ'ZzgZyÆŠgxyģX Zzg ÂZiyx /

‰”¾¬5]6,ç¿S»Z:tX /

”¾Zzg)”¾¬5] 13.2

Óx¬5]åîg6,zZµ7ƒDX‰¬5]~
!3™)Õä
G

]Ðq&]‘W÷Zzgq&]¬ï ”¾¬5]:
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¬ï™ÆZ’Zð D Zzg C ¯D÷X D Zzg C ¬ï™Æq&] B Zzg A ™Æ!3™)Õä
G

]¯D÷XZq-¬ïÃ̈gÙT~
!3™)Õä
G

]
!3™)Õä
G

]¯D÷ª¬ïŠzâVY+$#³‚~Z�x0*D÷X

Z(¬ï�WÐÅ‚Zzg#³‚~Zq-‚BzZµƒ@*ìó”¾¬ïB@*ìXZk¬ï~
!š-)Õä

G
]Ðq&]Zzg

q&]Ð
!3™)Õä
G

]‘W÷Xt¬ïŠz¥qƒ@*ìX
Zz6,Æ¬ïÅ”¾qªÃfsÅ)zZ]ÐªCÙHY@*ìX

ÐªCÙHY@*ìX Zy¬5]Ã

”¾$™)Õä
G

]ÅPVBfs~Š~ˆ÷X

Zq-”¾¬ïåîg6,Z�x7Šc*YYìX
Z(¬ï�ÜsWÐÅ‚~zZµƒ@*ìó)”¾¬ïB@*ìXt¬ïÔq-¥q )”¾¬5]:

ÐªCÙHY@* ƒ@*ìX!3™)Õä
G

]Ðq&]‘W÷pq&]Ð
!3™)Õä
G

]7‘WXZk¬ïÃ (Uni-directional)

ìX}

6ðÂZiyX6ðÂZiyÅwÅâÎZzgZqÐi~S:] 13.3

ëY…÷ā”¾¬ï~
!š-)Õä

G
]Ðq&]‘W÷Zzgq&]¬ï™Æ”5]¯D÷X

¬ïÆŠzgZyZ’ZY~ZŒY+$Ågëg~ZŸ†ƒ@*ìZzg¼æ]Æ#̂³¬ïÅgëg~ZŸ†ƒ@*ìX¼æ]

ÆZŸ†ÐŠzâV#³¬5]Ågëg)z~ƒYCìZzgt¬5]#³‚~7VgëgÐ(,_÷XZkqªÃÂZiãqª

ë÷Zzgt16ðÂZiyB@*ìX¬ï~#³¬5]Ågëg)z~ƒYCìZzg!3™)Õä
G

]zq&]»Zg‚ixƒY@*ìª

æ]~ZŸ†ÐÌZg‚i~p~zZµ7ƒCX
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(Dynamic Equilibrium) 6ðÂZiyÅwÅâÎ

6ðÂZiyÆ”wÆÌ̂#³¬5]Yg~gT÷X6ðÂZiy6,!3™)Õä
G

]Zzgq&]ÆZg‚ivƒD÷

Zzg8S:]‰g8-ÔÑÄz){~p~7ƒCXZkÐªCÙƒ@*ìā6ðÂZiyÅwÅâÎƒCìXZkaZkÃwÅ

ë÷X (Dynamic Equilibrium) ÂZiy

X"g6,¬ïÅgëgá™F,®sYñÂfsÅ̂qÝƒÏX Y Zzg (t) X"g6,¬ïÅ$åO] X Z¤/

6ðÂZiyÆZqÐi~S:]:

6ðÂZiyÅqªÅøDfsS:]ƒC÷X

¬5]Ågëg)z~ƒCìX (Forward and Backward Reactions) #³Y+$ .1

6ðÂZiyËÌY+$ÐzZµƒ@*ìª!3™)Õä
G

]Ðq&]Zzgq&]Ð
!3™)Õä
G

]‘W÷X .2

6ðÂZiyZq-wÅÂZiyìªÂZiy6,Ì¬5]#³Y+$(,_gT÷X .3

6ðÂZiy6,S:]‰Š!*îÔZg‚iÔÑÄÔg8-z){~p~zZµ7ƒCX .4

ÓÏ¬ïÅñ�ŠÏÐ6ðÂZiy~p~zZµ7ƒCÉ6ðÂZiyÁæ]~qÝƒ@*ìX .5

^ÐªCÙƒ@*ìāÓÏ¬ïÅñ�ŠÏ~6ð¬ïÁæ]~qÝƒ@*ìX
!3™)Õä
G

]c*q&]ÆZg‚iÔŠ!*îc*Š~p~Ð6ðÂZiyÅqª~p~ƒCìX .6

ÂZiãxÅ7
!3™)Õä
G

]ÆZg‚i6,«7ƒCX .7
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Z÷F,+ƒCìZzg6ðÂZiy~p~ÐWiZŠÂZ**ð~p~#ƒCìX (∆G) 6ðÂZiy6,’WiZŠÂZ**ð .8

(∆G = 0)

6ðÂZiyÈ',@~qÝƒ@*ìX .9

(Law of Mass Action) ç¿S 13.4

Y~7HXtç6ð¬ïÅgëg”5]ÆZg‚i)¬ïS(~ 1863 ä Waage Zzg Guldberg Zk®Ó4/õGJÃ

ģªCÙ™@*ìX
ZkçÆ_.ÔLL6ð¬ïÅgëggZ„pÐƒƒCìÔ!3™)Õä

G
]ÆZg‚iÆc*¬ïSÆXóó

~–Y@*ìX [ ] ¬ïSÐ%ZŠ²w»ñÑgZg‚ic*uV»Š!*îìX¬ïSÃ

¬ïÅgëg

¬ïÅgëg

gëgÑb»x = k

q&]

q&]

¬ïÅgëg α [A] [A]

¬ïÅgëg

¬ïÅgëg

q&]

¬ïÅgëg

¬ïÅgëg

q&]

¬ïÅgëgÅÑb

¬ïÅgëgÅÑb

(Types of Chemical Equilibrium) 6ðÂZiyÆZlx 13.5

6ðÂZiyÅŠzZlx÷X

(Homogeneous Equilibrium) I÷ÂZiy .1

(Heterogeneous Equilibrium) )I÷ÂZiy .2

:Z¤/ÂZiy~
!3™)Õä
G

]Zzgq&]Å8qªZzgˆZq-ƒVÂZk (Homogeneous Equilibrium) I÷ÂZiy .1
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ÃI÷ÂZiyë÷X

PVBfs~Š~ˆ÷X

:Z¤/ÂZiy~
!3™)Õä
G

]Zzgq&]Å8qªc*ˆZƒÂZk (Heterogeneous Equilibrium) )I÷ÂZiy .2

Ã)I÷ÂZiyë÷X

VBfs~Š~ˆ÷X

Å)zZ]ZzgZy~ģ Zzg (Equilibrium Constant) ÂZiãx 13.6

Å)zZ]: ÂZiyx : I

Zq-”¾¬ï̈gÙT~
!3™)Õä
G

]Zzgq&]Æ²w÷ªZq-„8qª~ìX

ç¿SÆ_.Ô

(Rate of forward reaction) WÐÅY+$Æ¬ïÅgëg

(Rate of backward reaction) #³Y+$Æ¬ïÅgëg

          

#³Y+$Æ¬ïÅgëg»x  

6ðÂZiy6,Ô
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ÂZiyv)Zg‚iÅZ˜b~(

q&]ÆZg‚i»qÝ¢[
!3™)Õä
G

]ÆZg‚i»qÝ¢[

Å)zZ]: XÂZiyx II

Zq-”¾¬ï̈gÙT~
!3™)Õä
G

]Zzgq&]’qª~÷X

ç¿SÆ_.¬ïÅgëggZ„pÐƒƒCì’Æbz~Š!*îÆX

(Rate of Forward Reaction)

       

(Rate of Backward Reaction)

Rate Constant of Forward Reaction

Rate Constant of Backward Reaction

6ðÂZiy6,Ô

uVÆbz~Š!*î~ Zzg Ô Ô ˜V6,Ô

ÂZiyx)bz~Š!*îÅZ˜b~(

q&]ÆZg‚i»qÝ¢[
!3™)Õä
G

]ÆZg‚i»qÝ¢[

ƒÂÔ ∆n = 0 Z¤/: Case - I
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ƒÂÔ ∆n = (+) Z¤/: Case - II

ƒÂÔ ∆n = (−) Z¤/ : Case - III

„gCÎZÑ]:
¥xÅˆZ#āŠ 0.65 Å7 Å ”¾¬ï .1

Å7¥xÙX ìX

i:

    

Æ6ðÂZiy6,!3™)Õä
G

]Zzgq&]Æ‚@Zg‚i ”¾¬ï .2

Å7¥xÙX ¥xK‰X Ô Ô

i:

¥xÅˆX 0.4 Š6, Å7 ÅÂZiyx .3

Å7¥xÙX

i:
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ñw° 0.5 »‚@Zg‚i ìXZ¤/ÂZiy6, '4' »ÂZiyxÅ7 .4

»‚@Zg‚iHƒÇ? {ƒÂ

i:

ñw°{

ç¿SÆZEÑ] 13.7

¥xHY@*ìX HI Ô ç¿S»ZEw%·]Å@*;~ƒ@*ìXZkÅæŠÐ%·]»ŠgzZºZt‰

ÂZiãZg‚iÐŠgzZºZt¥xÙX}6ðÂZiyÐz{Š!*î¥xHY@*ìXTÐq&]Åic*Š{lZgqÝƒCìX
P¬5]Æ6ðÂZiyxfs~Šb‰÷X

~ģ: Zzg X III

¨gÙX ”¾¬ï

ÂZiyx)Zg‚iÅZ˜b~(

ÂZiyx)bz~Š!*îÅZ˜b~(

PV = nRT »ï’Æa)zZ]

(C) Zg‚i [   ] ŠÇÔ = T ’»xÔ = R Š!*îÔ = P
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~Šg`™ä6,Ô (2) Å7)zZ] P

q&]Zzg”5]Æ‚>V»�Ût

ÃZz6,Å)zZ]~Šg`™ä6,Ô (1) )zZ]

13.7.1

13.7.2

13.7.3
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13.7.4

(Learning Outcomes) Zõ!}ò 13.8

ZkZ»ð~W\äøDfsÆ!*g}~¥â]qÝÅìX

(Bidirectional) ÐªCÙHY@*ìZzgtŠz¥q ”¾¬5]~q&]¬ï™Æ!3™)Õä
G

]¯D÷XZyÃ .1

ƒD÷Xt¬5]Zq-‚B#³‚~WÐ(,_÷X

ƒD÷XZyÃ (Uni directional) )”¾¬5]~q&]Ð
!3™)Õä
G

]qÝ7ƒDXt¬5]q-¥q .2

ÐªCÙHY@*ìX

ç¿SÆ_.¬ïÅgëggZ„pÐƒƒCìÔ!3™)Õä
G

]ÆZg‚ic*Š!*îÆX .3

Zzg#³‚Æ¬ïÅgëg)z~ƒÂZkÃ6ðÂZiy (Forward Reaction) ”¾$™)Õä
G

]~Z#WÐÆ¬ï .4

ë÷X

X ªŠzâV#³¬5]Zq-‚B#³‚~WÐ(,_÷ ì(Dynamic Equilibrium) 6ðÂZiyÔwÅÂZiy .5

I÷ÂZiy~
!3™)Õä
G

]Zzgq&]Æ8qªZzgˆZq-ƒD÷X .6

)I÷ÂZiy~
!3™)Õä
G

]Zzgq&]Æ8qªZƒD÷X .7

~ģfs~Šc*ŠHìX Zzg .8

Ô Z¤/ (a) .9

Ô Z¤/ (b)

Ô Z¤/ (c)

ÅæŠÐ%·]ÆŠgzZºZtÅfÅYCìX Ô .10
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(Key Words) ã~ZÖp 13.9

ÐªCÙHY@*ìX ¬ï�Šz#³4V~zZµƒ@*ìZkÃ ”¾¬ï .1

ÂZiyqªT~ZŒ¬ïÅgëgZzg#³Y+$¬ïÅgëg)z~ƒCìX 6ðÂZiy .2

¬ïÅgëg!3™)Õä
G

]ÆZg‚i~ģX ç¿S .3

¬ï�Zq-„‚~WÐ(,kìX q-¥q¬ï .4

¬ï�#³4V~WÐ(,kìX Šz¥q¬ï .5

(Model Examination Questions) %:ZJãÎZÑ] 13.10

(Obejctive Answer Type Questions) czè�Z!*]ÆqïÎZÑ] (A)

9�Z[Å¶K0+„ÙX

ç¿SX .1

¬ïÅgëgŠ~ģ (b) ¬ïÅgëgZzg!3™)Õä
G

]ÆZg‚i~ģ (a)

Ãð7 (d) Zg‚iZzgŠ~ģ (c)

~ģX Zzg .2

(b) (a)

(d) (c)

6ðÂZiyX .3

Ãð7 (d) oÂZiy (c) ‚ÁÂZiy (b) wÅÂZiy (a)

»ģìX Zzg ~ Zñ*Å@*; .4

(d) (c) (b) (a)

.5

Ãð7 (d) jãÂZiy (c) )I÷6ðÂZiy (b) I÷6ðÂZiy (a)

ƒÂÔ#³‚ 2.8 ìXZ¤/WÐÆY+$Æ¬ïÅgëg»x 10 Å7 Zq-”¾¬ïÆÂZiyx .6

Æ¬ïÅgëg»xìX
280 (d) 2.8 (c) 28 (b) 0.28 (a)

Å7HƒÏ? ÷X 4 Zzg 3 Ô2 Æ‚@Zg‚i C Zzg B ÔA ÆÂZiy6, ”¾¬ï .7

35.8 (d) 1.5 (c) 24 (b) 3.58 (a)
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6ðÂZiy¾Âx~zZµƒ@*ì? .8

(Open System) îÂx (b) (Closed System) ÈÂx (a)

Óx~ (d) ¤/ŠzâZb (c)

Å7ìX ∆n ~ ”¾¬ï .9

2 (d) 3 (c) 4 (b) 0 (a)

(Short Answer Type Questions) ¿�Z!*]ÆqïÎZÑ] (B)

SzV~É
ÀŸ/õGX 10 fsÆCÙÎZw»�Z[

”¾Zzg)”¾¿Hì?VBŠØX .1

I÷6ðÂZiyZzg)I÷6ðÂZiyÐH%ZŠì? .2

6ðÂZiy6,ÓÏ¬ïÆZW,Å=ôÙX .3

6ðÂZiyÅwÅ{¤c*âÎÅF,®é™=ôÙX .4

~
!3™)Õä
G

]Zzgq&]Æ‚@Zg‚i Zq-ÂZiã}Âx .5

¥xK‰¬ïÆÂZiã Zzg Ô

Å7¥xÙX x

ç¿SÒyÙZzgzŸs#ÙX .6

Å)zZ'É
ÀŸ/õGX Ô 6,ç¿S»Z:tÙZzg ”¾¬ï .7

ÂZiyxÆZqÐi~S:]ÒyÙX .8

(Long Answer Type Questions) îs�Z!*]ÆqïÎZÑ] (C)

SzV~É
ÀŸ/õGX 30 fsÆCÙÎZw»�Z[

6ðÂZiyHì?ZkÆZqÐi~S:]ÒyÙX .1

Å)zZ'Z~.ÙX Zzg ÂZiyx .2

~ģZ~.ÙX Zzg (a) .3

0.1 Ô0.2 Æ‚@Zg‚i!*nKM Zzg Ô ~ ¬ï (b)

ƒX Å©¥xÙZ#āŠ Zzg ¥xK‰ 0.1 Zzg

Å)zZ'É
ÀŸ/õGX Zzg øDfs¬5]Æa .4
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Å7¥x qÝƒZXZkŠ6,ÂZiyx HI B{ 13.5 B{Z-e+ggZ]Ð 9.3 B{;àgzXZzg 8.1 .5

ÙX

(Suggested Books for Further Readings) '×h+_¬Æa?m,™Š{ÂÁ 13.11

1. Principles of Physical Chemistry by Prutton and Marron

2. Essentials of Physyical Chemistry by Bahl and Tuli

3. Physical Chemistry Through Problems by S.K. Dogra

4. Text book of Physical Chemistry by K.L. Kapoor

5. Text book of Physical Chemistry by Puri and Sharma

6. Text book of Physical Chemistry Soni and Dharmahra
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:àe&Ò2.ç
H

GJ»Zßw 14 Z»ð
(Le- Chatelier's Principle)

Z»ðÆZbZ
ā 14.0

£œ 14.1

Zg‚iÅp~»ZW, 14.2

ŠgzwZg]Åp~»ZW, 14.3

Š!*îÅp~»ZW, 14.4

**>zXZzg;àgzX»ZâZ` 14.4.1

÷eZðW‚àŠ¶Æn÷eZðW‚àZzgWx»ZâZ` 14.4.2

y»g1,M»Zzo 14.4.3

8ÂZiy6,àe&Ò2.ç
H

GJÆZßw»Z:t 14.5

âùggZ]»ÂZiy 14.5.1

âùÆ̀Z!*w6,Š!*î»ZW, 14.5.2

âù»Z̀+A)é
E

EŠc*k̂»`»î6,Š!*î»ZW, 14.5.3

i5+k,~6,ŠgzwZg]»ZW, 14.5.4

âO]~uVÅi5+k,~6,Š!*î»ZW, 14.5.5

ÆZßw»Z:t Le-Chatelier 14.6

Š!*î»ZW, 14.6.1

ŠgzwZg]»ZW, 14.6.2

Zõ!}ò 14.7

ã~ZÖp 14.8

%:ZJãÎZÑ] 14.9

czè�Z!*]ÆqïÎZÑ] (A)

¿�Z!*]ÆqïÎZÑ] (B)

'×h+_¬Æa?m,™Š{ÂÁ 14.10
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(Preface) ā 14.0

ä6ðâZiZyÅZq-(,~®ZŠ6,Zg‚iÔŠgzwZg]ZzgŠ!*îÆZW,Z]» Le-chatelier Zq-�g�ÛZú6YŠZy

ÆZßwÆ**xÐY**Y@*ìX�Zk§b Le-Chatelier _·HXZkäZLx@Z]»ÜāZq-¬xÏ̂~H&

Òy™@*ìX
LLZ¤/ÂZiyËŠ!*î»DgƒÂÂZiyZk§b$+wY@*ìāÚîÃÁHYnXóó

ZkZßwÆ_.óZ¤/ÂZiyÆÂxÃZg‚iŠ!*îc*ŠgzwZg]Åp~»¶K:¯c*Y@*ìÂÂZiyZk‚~$+wY@*
ìX�p~ÆZW,Ã»™ä»gDyg‚rìX

(Aims) £œ 14.1

CYÃZg‚iÅp~ÆZW,T~ŠgzwZg]ZzgŠ!*îÅzzÐƒäzZáZW,Z]Å¥â]�ÛZë™**X8ÂZiy6,à
ÆZßw»Z:tÃŒ**X Le-Chatelier e&Ò2.ç

H
GJÆZßw»Z:tÆ0WÇ{™**X

Zg‚iÅp~»ZW, 14.2

qgzfsÂZiy6,̈g™,X

(#÷áïHY@*ìX²w»g8-¯g~îg6,÷ZƒYñÇXTÐªCÙ ferric �Ûn™,ZkÂZiy~¼�Ûq-)
+3 ÆZßwÆ_.'×h+ Le-chatelier ÆZg‚i~ZŸ†ƒZìtp~ [Fe(SCN)]+2 ƒ@*ìāg3™Wí

9~ā‚ÑàÆZg‚i~ZŸ†ƒZìX ferrisulphocyanide WÅVÆZŸ†ÆË~ë{ Fe

ÃÂZiy~ [Fe(SCN)]+2 Z[�Ûn™,ā7N*ô9~ā‚ÑàÅðh~lZg�ë{WíŠ¶Æ‡.Þì

ÆFe+3 ÆWíÃ [Fe(SCN)]+2 ÷áïHY@*ìX²wÃÁ({ƒDŠ¬YñÇTÐªCÙƒ@*ìā÷}g8-Æ

ÆWÅV~ps™Šc*ŠHìXZk§b6,ze–»Zg‚i(,"Ð
!3™)

ÿ

G

ÅY+$ÂZiy$+wY@*ìX CN- Zzg

ŠgzwZg]Åp~»ZW, 14.3

ÂZiy6,̈g™,X

(Å×e$ N2O4 (Æh~gŠ¿ÃZhzêîŠ¬Y@*ìXZkÐ¬!3™)ÿ

G

) NO2 ZkÂZiy~¡¬])

™äzZÑ#³gŠ¿Z&¾æGEzêîƒ**e’XZ[�Ûn™,āÄÂxÃ¤/xHY@*ìZzgZk»ŠgzwZg](,"Šc*Y@*ìÔà
e&Ò2.ç
H

GJÆZßwÆ_.ÂZiyZk‚~$+wYñÇ�¤/òÆZW,Ã»™ä»gDyg‚rìXª�QuaZ™ä»

206



~„(,|YñÏZ¤/ÂxÃQZHY@*ìÂŠzu~§sÂZiyZk‚~$+wYñÇ�¤/òaZ NO2 gDyg‚rìX®Z
»ZzoÁƒYñÇX N2O4 Æh~ N2O4 ™ä»gDyg‚rìX®ZÂZiywk‚~$+wYñÇXª

Zñ*Š¶Æn**>zXZzg;àgzXÆZ�Z`ÃŠg`fsêñ¡)zZ]ÐªCÙHY@*ìX

wZg]pgƒ**¢zg~ìXàe&Ò2.ç
H

GJ Endothermic wZg]i{ìX®Zú»g›¿ Exothermic WÐ»gŠ¿

ÆZßwÆ_.ŠgzwZg]~ZŸ†àg~Z½ÔªZñ*Å¹Æh~ƒÇX
®ZÔZñ*Å4»g~)aZzZg(qÝ™äÆnÔÂZiy~ŠgzwZg]Áƒ**e’XpaègŠ¿ÅÑbŠgz

wZg]Æ‚BZƒCìXZ¤/ŠgzwZg]ÃÁg3YñÂÂZiyÅqªJ-î~•zZÑz‰Ü¹îsƒY@*ìX
ÆŒÛd$ŠgzwZg]�:¹ÁìZzg:„¹ic*Š{',ŒÛZgg3Y@*ìX 500C®Z

(Effect of Change of Pressure) Š!*îÅp~»ZW, 14.4

**>zXZzg;àgzX»ZâZ` 14.4.1

Zq-Zzg}gŠ¿6,̈g™,ÔT~Zñ*Å»g~~**>zXZzg;àgzX»ZâZ`÷áïìX

6āqgz!*Ñ)zZ]ÐªCÙƒ@*ìWÐ»gŠ¿ñwÅ®ZŠÅ¶Æ‚Bƒ@*ìXZ¤/Š!*î(,Jc*Y@*ìÂwÁ

Å®ZŠ(,|YñÏÔ®Zàe&Ò2.ç
H

GJÆZßwÆ_.ÂZiyZk‚~v moles ƒYñÇZzgZkzzÐ°-.$w~
ƒYñÇ˜Vñ²Å®ZŠ~¶ƒCìXZzg˜VZñ*ÅúƒCìXZÏ§bŠ!*îAic*Š{ƒÇXZñ*ÅazZgZâ„

âjw»»Š!*îãCŠ~îg6,Šg»gìX 200 atm pressure Æ¿~Zñ*Å»g~Æn½ã Haber ic*Š{ƒÏXYè

÷eZðW‚àŠ¶Æn÷eZðW‚àZzgWx»ZâZ` 14.4.2

Å»g~ƒCìX SO3 àe&Ò2.ç
H

GJÆZßwÆ_.qz!*Ñ¬ï~ÌñàÅ®ZŠ~¶Æ‚B„
®Zic*Š{Š!*î÷eZðW‚àÅ4aZzZgŠ}ÇX

y»g1,M»Zzo 14.4.3

}ñ²Å®ZŠ~ZŸ†Æ‚By»g1,M»ZzoŠ!*î~ZŸ†ÐŠc*Y@*ìX
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8ÂZiy6,àe&Ò2.ç
H

GJÆZßw»Z:t 14.5

(Application of Le-Chatelier Principle to Some Physical Equilibria)

qgzfsVBÔàe&Ò2.ç
H

GJZßwÆ8ÂZiy6,Z:tÃzZã™C÷X

(Liquid-vapour Equilibrium) âùggZ]»ÂZiy 14.5.1

0*ãÆggZ]ÆÂZiy6,̈g™,:

0*ã»W!ggZ]~psƒ**Zq-Zhzêî¿ìX2‰‰âù0*ãggZ]Æ%µ~psƒ@*ìXZk
ÆZßwÆ_.ÔŠgzwZg]~ZŸ†ÂZiyÃŠZN§sv™ŠêìXª Le-Chatelier Æ‚Bw~ZŸ†ƒ@*ìX

ic*Š{âù0*ãggZ]0YñÇXt�ÛZë™Š{¤/ò)wZg](Ã_.[™Š}ÇX
(,_ƒñŠ!*î6,ÔÂZiyZq-‚~$+wY@*ì@*āŠ!*îÃÁHYnÔŠ!*î~ZŸ†0*ãÆggZ]Ãâù0*ã~

ÇhJ™äÆh~ìXŠzu~§sŠ!*îÃÁ™**0*ãÆggZ]Ã0*ãÆggZ]~$+%Æh~ƒÇX

(Effect of Pressure on Boiling Point of a Liquid) âùÆ̀Z!*w6,Š!*î»ZW, 14.5.2

âù»ggZ]àCŠ!*î~ZŸ±Æ‚Bƒ@*ìXZk§bÔZ¤/Š!*î(,Jc*Y@*ìÂÂZiyZq-ŠØ‰ŠgzwZg]6,

ggZ]ÆÇhJƒäÅ§sâùqª~$+wY@*ìXggZ]»Š!*îÁƒYñÇXZk§bâùÃZ!*%Ænic*Š{Šgz

wZg]Å¢zg]ƒCìX¸zzìāÛzãŠ!*î~ZŸ±Æ‚Bâù»Z̀!*w(,|Y@*ìX

âù»Z̀+A)é
E

EŠc*k̂»`»î6,Š!*î»ZW, 14.5.3

(Effect of Pressure on the Freezing Point of a Liquid or Melting Point of a Solid)

ÂZiy6,̈g™,X

Z#̂k£Y@*ìXÂw~p~WCìXVwÆîg6,Z#',sÜìÂw~¶ƒCìX
',s»0*ãÆÂZiy6,Š!*î~ZŸ†ÂZiyÃŠZN§sv™ä»:L¶ÇZk§bZ¤/z{wŠgzwZg]6,Š!*î

(,Jc*YñÂic*Š{',s£YñÏX0*ãÆ‚BÂZiy~',sÃgppÆnÔŠgzwZg]ÃÁ™**¢zg~ì®ZÔŠ!*î~
ZŸ†',sÆ×ZÆ̀ÃÁ™}ÇXaèt¿ZhzêîìXŠgzwZg]~ZŸ†ÂZiyÃŠZN;BÆY+$v™Š}

ÇXZk§b'×h+',s£YñÏX
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ic*Š{F,k̂q,×Z6,w~ZŸ†Š3CìX‰÷)k̂(÷)âù(ÂZiyX
VwÆîg6,

ZknëÈMh÷āZ¤/ZkÂZy6,Š!*î(,Jc*YñÂ÷»`»î(,|Y@*ìX

(Effect of Temperature on Solubility) i5+k,~6,ŠgzwZg]»ZW, 14.5.4

ÆZßwÅæŠÐ̂kÅi5+k,~6,Šgz Le-Chatelier ëi5+k,~6,ŠgzwZg]ÆZW,ÅzŸs#™Mh÷X

wZg]ÆZW,ÅzŸs#™Mh÷X¹Æ¿ÆŠzgZyZ¤/wZg]»gƒCìÂŠgzwZg]~ZŸ±Æ‚Bi5+k,~Á
z){Z,²wÅVB÷XŠgzwZg]~ZŸ±6,Z,âŠzVÅi5+k,~ÁƒYCìX CaCl2ÔNaOH ƒYCìX

ÆZßwÆ Le-Chatelier z){X‰âŠzVÅ¹¤/òÆ_.[Æ‚BƒCìX NaNO3 ÔNH4Cl Šzu~§s
_.ŠgzwZg]~ZŸ±Æ‚BZyÅi5+k,(,|YCìX

âO]~uVÅi5+k,~6,Š!*î»ZW, 14.5.5

(Effect of Pressure on Solubility of Gases in Liquid)

Å¹6,ŒÂZiy6,̈g™,X CO 0*ã~

»Š!*î CO2 ÆŠ!*î~¶»:LáCìX CO2 ÆŠ!*î~ZŸ±6,Ô’»ÂZiyZk‚~$+wY@*ì� CO2

0YñX CO2 ÜsZkßg]~ÁƒÇZ#t0*ã~ic*Š{ã™

àe&Ò2.ç
H

GJÆZßw_.âù~’Åi5+k,~(,fìXZkÆ²wÆ‚BÂZiy~’ÆŠ!*î~ZŸ±

Æ‚B‚B(,|YñÏX

ÆZßw»Z:t Le-Chatelier 14.6

qgz!*ÑgŠ¿wZg]pgìZzgŠ!*î~ZŸ±Æ‚Bƒ@*ìX)Z+ñwõÝÆâÅ5½3ð GG²Å®ZŠ}
!3™)

ÿ

G

Æ

®ZŠÐic*Š{ì(WÐÅ‚Æ¬ï~X

Š!*î»ZW, 14.6.1

Š!*î(,"6,ógŠ¿Zk‚~vƒYñÇ˜VZW,Ã"ZW,HYYìXªZk‚~˜VŠ!*îÁƒY@*ìX
Zk§bÔgŠ¿úÅ‚~vƒYñÇXŠ!*îÃÁ™ä6,ZtZW,Š¬YñÇX

ŠgzwZg]»ZW, 14.6.2

ŠgzwZg]~ZŸ±6,ÔgŠ¿Zk‚~vƒYñÇ˜VtZhzêîƒªwZg]_.[ƒnXZk§bÔgŠ
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¿WÐ~vƒYñÇXŠgzwZg]Áƒä6,¬ïZy‚~vƒYñÇX

Vw:
ñwõÝÆâÅ5½3ð GG²Å®ZŠ}

!3™)
ÿ

G

Å®ZŠÐÁì®ZŠ!*î(,"6,ógŠ¿WÐÅ‚vƒYñÇYèWÐ

ì²@*āŠ!*îÁHYnXt$™)ÿ

G

Zhzêîì®ZŠgzwZg](,Jä6,õÝÅ§svƒYñÏX 2 ñÖÅ®ZŠ

qgz!*ÑgŠ¿Zhzêîì®ZŠgzwZg]Á™ä6,õÝÅ§svƒÏXZkÆ´z{
!3™)

ÿ

G

ZzgõÝÆ}

ñwÅ®ZŠ7Vì®ZŠ!*î»Zk$™)ÿ

G

6,ÃðZW,7ƒÇX

ÑÄÅeöÆfg)Z_Og~ŠgzC[™**:
(Šzc*ŠzÐ Molecule t§iuVÅZzoÆŠgzÆçÆnZEwHY@*ìXT~Zq-ñÅ5½3ð GGw)

ic*Š{âÅ5½3ð GGwaZ™@*ìX
~psƒ@*ìX Cl2 Zzg PCl3 ÔŠzñÅ5½3ð GGw PCl5 VwÆîg6,

Š!*î6,ÑÄQÁƒYCìX){’ÅÑÄZzg Zk§bxŠgzwZg]ZzgŠ!*î~w(,|Y@*ìXx

ÂZiy~bz~îg6,{’ÅÑÄÆ�ÛtÐZāZsÅe¤/~»Z0+Zi{Îc*YYìX
ìXA$ x (ÐÑzq™D÷ZzgZzoÅe¤/~ PCl5 Z¤/ë’ÆZq-ñw)

xŠgzwZg]ZzgŠ!*î6,Zq-Và’ÅÑÄËziyÆañ²Å®ZŠÆwkÚƒ~ƒCìX
Ô6,{’»ÂZiyÆîg6,Šc*Y@*ìX »ÚƒÔ){’»ÑÄ ZkaÑÄ

ÅŠgzVÅæŠÐZ_Og»ŠgzC[HYYìX Zzg

:Problem

ÆZzoÅe¤/~ PCl56,200
o
C ~’0™ZµƒY@*ìX Cl2 Zzg PCl3 Ã¤/xHY@*ìÂt PCl5Z#

C[™,X
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i:

x =  Z_Og»Šgz      

Å)ÝÑÄ= PCl5

=  ÂZiy6,’Æ%“ÅÑÄ     

ƒÏX ÅÑÄ PCl5 ){

(: 2 Vw)
ÔâÅ5½3ð GG²~Z_Og~ NO2 ìXZkŠgzwZg]6, 24.8 (ÆggZ]ÅÑÄ N2O5 6,**>zX6ZW‚à) 90

o
C

°œÃC[™,X

:aè)zZ]ÆŠzâVZ§Zs~ñÅ5½3ð GG²Å®ZŠZìXZknZzoÅe¤/~»ŠgzëŠg`   »Z¶Kg~)zZ] N2O4

fsŸ‚ÐC[™,ÐX

ÅÑÄ&+g=Š~ˆìX N2O4 )Z_Og~

ÅÑÄŠ~ˆìX N2O4 )Z_Og~
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(Learning Outcomes) Zõ!}ò 14.7

ZkZ»ð~CYäZg‚iÅp~ÆZW,T~āŠgzwZg]ZzgŠ!*îÅzzÐƒäzZáZW,Z]Æ!*g}~¥â]

qÝÅXZkÆ´z{CYäÂZiy6,àe&Ò2.ç
H

GJÆZßwÆZ:tÆ0¥â]qÝÅZzgZkÆZ:tÆ!*g}~
Y**X

(Key Words) ã~ZÖp 14.8

Å (condition) )ÃuÂZiy(qªÃ Dynamic Equilibrium ZkZßwÆ_.Z¤/Zq- e&Ò2.ç
H

GJ»Zßw: à .1

p~Æfg)™,ÐÂÂZiyQkp~Æ£¨ÆÂZiyÃŠz!*g{‡ì™äÆapsƒCìX
têñeZÑå~Zq-¦gì˜VxŠgzwZg]ZzgwÆ‚BÈÂxÆ»xÃêñebå7"54h

ÿ

H
G
EI iZŠÂZ**ð: W 45Ð.ð

X
Gß .2

»ZEw™Dƒñ**0*Y@*ìX

(Model Examination Questions) %:ZJãÎZÑ] 14.9

(Obejctive Answer Type Questions) czè�Z!*]ÆqïÎZÑ] (A)

9�Z[Å¶K0+„ÙX

Zñ*Ã42.ç
X

GE§iÐic*Š{lZg~qÝ™äÆaÃyÏÑoeìX .1

Zy~ÐÃð7 (d) ÁŠ!*î (c) ic*Š{ŠgzwZg] (b) ÁŠgzwZg] (a)

Zñ*Ã42.ç
X

GE§iÐic*Š{lZg~qÝ™äÆaÃyÏÑoeì? .2

Zy~ÐÃð7 (d) ÁŠ!*î (c) ic*Š{ŠgzwZg] (b) ic*Š{Š!*î (a)

qgzfs¬ïÆaÃyÏ!*]9ìX .3

ŠgzwZg]Á™ä6,gœ¿WÐÅ‚vƒÇX (b) Š!*îÃÁ™ä6,gœ¿úÅ‚vƒÇX (a)

ŠgzwZg]Ã(,Jä6,WÐÅ‚vƒÇX (d) Š!*îÃ(,Jä6,gœ¿úÅ‚vƒÇX (c)
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(Short Answer Type Questions) ¿�Z!*]ÆqïÎZÑ] (B)

SzV~ÉÀŸ/õGX 10 fsÆCÙÎZw»�Z[

àe&Ò2.ç
H

GJZßw6,gzÝeZaX .1

àe&Ò2.ç
H

GJZßwÆ�Zg‚iÅp~ÆZW,6,â^sX .2

àe&Ò2.ç
H

GJZßwÆ_.ŠgzwZg]Åp~ÆZW,ÃÒy<X .3

àe&Ò2.ç
H

GJZßwŠ!*îÅp~»ZW,6,×â^sX .4

8ÂZiy6,àe&Ò2.ç
H

GJÆZßw»Z:tÃ,Æ‚BÒy<X .5

(Suggested Books for Further Readings) '×h+_¬Æa?m,™Š{ÂÁ 14.10

1. Principles of Physical Chemistry by Prutton and Marron

2. Essentials of Physyical Chemistry by Bahl and Tuli

3. Physical Chemistry Through Problems by S.K. Dogra

4. Text book of Physical Chemistry by K.L. Kapoor

5. Text book of Physical Chemistry by Puri and Sharma

6. Text book of Physical Chemistry Soni and Dharmahra
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:gzZãÂZiy 15 Z»ð
(Ionic Equilibrium)

Z»ðÆZbZ
ā 15.0

£œ 15.1

¤!gZzg$zg',t0*æ} 15.2

gzZ+M»ŠgzZzgZk6,ZW,Z0+ZiƒäzZáúZïÔgzZ+M»x 15.3

W:®»−î»çZzgçÆ÷h+Z] 15.4

0*ã»gzZãqÝ¢[ 15.5

$zgF,Z̃zg$zgZ‚kÅgzZ+MZzggzZ+M»Šgz 15.6

œugzZV»ZW, 15.7

i5+k,~»qÝ¢[ 15.8

n)**xC‹�~i5+k,~ÆqÝ¢[»ZEw 15.9

Zõ!}ò 15.10

ã~ZÖp 15.11

%:ZJãÎZÑ] 15.12

czè�Z!*]ÆqïÎZÑ] (A)

¿�Z!*]ÆqïÎZÑ] (B)

îs�Z!*]ÆqïÎZÑ] (C)

'×h+_¬Æa?m,™Š{ÂÁ 15.13
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ā 15.0

t¬xx@{ìāF,ỖZ‚ÏZzg#Æ²w~Ð',¹gz¦/Zgä6,ñÆzZµƒCìXt%·]0*ã~gzZVaZ

BD÷XZk1Ã (Electrolytes) ™D÷Zzg',¹gz¦/Zgä6,gzZV#³',−zV6,w•™D÷Xt%·]',t0*æ}

ë÷X (Elecctrolysis) ',t0*æÏ

Z#ŠJÂV~Ð',¹gz¦/Zg~YCìÂZ¼ZyÅÃ¿~WCìXZknÅÃk̂Zzg�ƒðŠJÂVZzg"
ƒñëV~Ì¿~WCìXZk§bÆñÝÔZ¼ZãñÝc*ŠJCñÝBD÷X

ñÆ»Z®ggzZVÅ®ZŠÔgëgZzg#c*ŠJ]ÅâÎ6,ƒ@*ìX',¹0*æ{0*ã~i™ä6,gzZV~psƒ@*ìX
B@*ìX (Strong Electrolytes) Zk¿ÃgzZ+Më÷XZq-',t0*æ{TÐic*Š{gzZVqÝƒD÷ó¤!g',t0*æ{

gzZ+M»Z®g
!-Cÿ
E

Zzg…ÅâÎÔZg‚iZzgŠ6,ƒ@*ìX
gzZVÆZg‚i»¢[Ô0*ã»gzZãqÝ Zzg 0*ã$zg',t0*æ{ìZzgZkÅgzZ+M¹ÁƒCìX0*ã~

¢[B@*ìX
œāgzZVZW,Zzgi5+k,~ÆqÝ¢[Ã)**xC6ð‹b~ZEwHY@*ìX

(Aim) Ñ 15.1

ZkZ»ðÃå™heÆŴ\øDfsÆ!*g}~¥â]qÝ™BÐX
¤!gZzg$zg',t0*æ}X /

gzZ+MÔgzZ+M»ŠgzZzgZk6,ZW,Z0+ZiƒäzZáúZïX /

−îÆ‚BçŠwñÆ~p~X /

WÎ®»−î»çZzg÷h+Z]X /

0*ã»gzZãqÝ¢[ZzgZk6,Š»ZW,X /

bz~i5+k,#Zzgi5+k,~»qÝ¢[X /

œugzZV»ZW,Zzgn)**xC‹b~ZEwX /

¤!gZzg$zg',t0*æ} 15.2

Zq-¤!g#ìZ#ā NaCl ',¹0*æÏ»Z®ggzZVÅ®ZŠÔgëgZzg',t0*æ}ÅâÎ6,ƒ@*ìXVwÆîg6,

Å »ZyZ`™@*ìZ#ā Zzg 0*ã~ic*Š{gzZV NaCl Zq-$zg#ìXZkÅzztìā

gzZ+MÁƒCìX#»0*ã~gzZV~p~ƒä»¿gzZ+MB@*ìX#»Ÿ~z�¦zZV~psƒ@*ìÔgzZ+M»Šgz
B@*ìXZ¤/gzZ+M»Šgzic*Š{ƒÂt¤!g',t0*æ{B@*ìZzggzZ+M»ŠgzÁƒÂt$zg',t0*æ{B@*ìX

z){¤!g',t0*æ}÷X Ô Ô Ô Ô Ô Ô

z){$zg',t0*æ}÷X Ô Ô Ô Ô

Å†6,« BOH Å†6,ZzgZ‚kÅgzZ+M HX ZF,ÚZzgZ‚kÅgzZ+MZƒCìXF,ÚÅgzZ+M
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ƒCìXgzZ+M»¿Zq-ÂZiy¿ìX

ZyÆgzZãxÃfsÅ)zZÂVÐªCÙHY@*ìX

F,Å̃gzZ+M»x

Z‚kÅgzZ+M»x

Å7Îic*Š{ƒÏÔF,d-ö
IJ

ZzgZ‚Ï¤‰ÜZâ„ic*Š{ƒÏX Zzg

Å†VÃfsÅ)zZ]ÐÌªCÙHY@*ìX Zzg

Å7ÁƒÂÔF,d-ö
IJ

ZzgZ‚k¤‰ÜZâ„ic*Š{ƒÏX Zzg

¤!g',t0*æzVÆaZÃc*]7K‰X

Æ_.¤!g',t0*æ}CÙZg‚i6,åîg6,gzZV~#$YD÷X̂kqª~ÌgzZVñ�ŠgT Sutherland

÷X0*ã~i™ä6,gzZVÃuƒ™#³',−zVÅ§sWiZŠƒYD÷X
Æ_.−ä6,gzZV~ZŸ†ƒ@*ìZzgñÆ(,|YCìX Arrhenius

ÆÃbÆ_.−ä6,gzZVÅ®ZŠ6,ZW,7ƒ@*ÉgzZVÅgëgc*w•5+k,~~Ÿ†ƒ@*ìX−ä Sutherland

~¶zZµƒCìXZk§bñÆic*Š{ƒYCìX (Inter-Ionic forces) 6,²wÅ²z~#~p~ƒCìZzgÎgzZã¸]

ÆGz2ÆÒpÐ',t0*æ}gzZV~åîg6,psƒD÷pÓxgzZVÃu7ƒDXÜsÃu Ghosh

gzZVÅzzÐñÆ(,fìX
Æ_.',t0*æ}ÅñÆ»Z®gÔgzZV (Debye - Huickel - Onsager Theory) ŠâðX‘ÀXZz$k5¾æ

E
G
Y

Ãb

Å®ZŠZzg²w~ZyÅgëg6,ƒ@*ìXZkÃt»ãCŠ~NtìāCÙgzZVÔF#³gzZVÐyZƒ@*ìZzgZyÆŠgxy',¹jã
qª~Šzu}#³gzZVÐyZƒ@*ìX (Symmetrical) æƒCìªCÙgzZV�K´

',¹¦z¦/Zgä6,%œ/~gzZVZzgZkÆZ§ZsÅcY)#³',¹!*gzZágzZV(#³4V~w•™D÷X%œ/~

gzZVÆZ§ZsÅcYiZbƒYCìZzg6£x6,5cY%ŠZgƒCìXcY»iZbƒ**Zzg5cY»ªCÙƒ**Zq-‚BzZµ7ƒ@*Zzg

(Asymmetric gzZVÆZ§ZsÅcYÔ)�K´ƒYCìXZkÆË~gzZVÅgëg,•YC÷XZkZW,Ã)�K´ZW,
ë÷Xgëg~¶»ŠzuZZë:LgzZVÅWËÏc*´uÏìTÐgzZVÅ¬ï (Relaxation Effect) c*jãZW, Effect)

ë÷X (Electro Phoretic Effect) S(,|YCìZzggëgÁƒYCìXZkÃ',¹ÃZW,
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gzZ+M»ŠgzZzgZk6,ZW,Z0+ZiƒäzZáúZïÔgzZ+M»x 15.3

»Ãt7HXtÃt:Üs',¹ (Electrolytic dissociation) Y~',t0*æ~ZºZt 1884äArrhenius

ñÆÅ}+MÃÒyHÉF1Z]‰',t0*æzVÆ"‡°{§¿̄Ồ�l~ZŸ†ỒZ+A)é
E

EŠ~äÔ¤!gF,Z̃zg

¤!gZ‚kÅÃwZg]psZzg−ä6,ñÆ~ZŸ†Æz�;]Å=ô™eX

',t0*æ~Z�ZtÆÃbÆZëGzŸ]fs~Šb‰÷X
Z#Zq-',t0*æ{‰#ÔF,Z̃zgZ‚kÃ0*ã~iHY@*ìÂtgzZV~#$Y@*ìXZk1ÃZºZtc*gzZ+Më .1

÷X].h+ÃbÆ_.Zq-',t0*æ{̂kqª~ÌgzZV6,Œƒ@*ìX0*ã~i™ä6,gzZVÆŠgxyñ�Š

',tjã¸'ÁƒYC÷ZzgWiZŠgzZVqÝƒD÷X

)Š*Ãt(

)k̂( )].h+Ãt(

²w~ñ�ŠgzZVZzg)ZºZt”{‚ãÆŠgxyÂZiy0*c*Y@*ìXZkÃgzZãÂZiyë÷XZk6,ç¿S»Z:t .2

ƒ@*ìX

²w~)z~®ZŠ~µZzgtgzZV0*ñYD÷XZkat®~ƒ@*ìX

(Dissociation Constant) c*ZºZt»x (Ionisation Constant) gzZ+M»x = K ˜V

',t0*æ{åîg6,gzZV~7psƒ@*ìXZq-ñw',t0*æ}»Ÿ~z�gzZV~#$Y@*ìÔgzZ+M»Šgz .3

ÐªCÙHY@*ìX 'α' B@*ìZzgZkÃ (Degree of Dissociation) c*ZºZt»Šgz (Degree of Ionisation)

Å7ÁƒÂ$zg',t0*æ{B@*ìX 'α' Å7ic*Š{ƒÂt¤!g',t0*æ{Zzg 'α' Z¤/

gzZVÐX ÐZzg̈~²wÅ ',t0*æzVÅS:]ZyÆgzZV6,«ƒCì‰F,d-ö
IJ

²wÅ .4

ZgnïS:]~gzZV»§¿̄f¨Z]c*‚Ó]Å§bƒ@*ìX .5

gzZ+M6,ZW,Z0+ZiƒäzZáúZï:
gzZ+M»Šgzc*gzZ+M6,ZW,Z0+ZiƒäzZáúZïøDfs÷X

(Nature of Solute)
!-Cÿ
E

ÅâÎ .1

gzZ+M»Z®g
!-Cÿ
E

c*',t0*æ}ÅâÎ6,ƒ@*ìX¤!gF,ÚÔ¤!gZ‚kZzgZyÆ#ÅgzZ+Mic*Š{ƒCìXZ#ā

$zgF,Ỗ$zgZ‚kZzgZyÆ#~gzZ+M¹ÁƒCìX
(Nature of Solvent) …ÅâÎ .2

gzZ+M~…»Zëgzwƒ@*ìX…gzZVÆŠgxy~ñ�Š',tjãæÃ$zg™Æ',t0*æ}ÆgzZVÃ´u{™@*
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ic*Š{ƒÂgzZ+Mc*ZºZtic*Š{ƒ@*ìX (Dielectric Constant) ìXZ¤/…».***Zg~»x

Zq-ZY…ì�gzZ+M~ ÷XZk§b 80 Zzg 25 Ô4.1 ZpÔZÈiZzg0*ãÆ',t***Zg~Æx!*nKM

ZëgzwZŠZ™@*ìX
(Concentration) Zg‚i .3

ÆgZ„pÐƒƒ@*ìX−c*²w~0*ãÆ‚Ó]¹ (dilution) gzZ+M»ŠgzZg‚iÆ!*�pÐƒƒ@*ìc*Œî
ic*Š{ƒD÷Zzg

!-Cÿ
E

Æic*Š{‚Ó]ÃgzZV~ps™D÷X

(Temperature) Š .4

gzZ+Mc*ZºZt»Z®gŠ6,Ìƒ@*ìXŠ~ZŸ†ÐgzZ+M~ZŸ†ƒ@*ìXZdŠ6,gzZVÆŠgxyÅ̧]æ

~¶zZµƒCìZzgtgzZVZq-Šzu}Ð´u{ƒYD÷X

ZzgçÆ÷h+Z] (Ostwald's Dilution Law) W:Z®»−î»ç 15.4

Zg454ø
XE

GÆ',t0*æ~ÆÃbÆ_.',t0*æ}Ã0*ã~i™ä6,gzZVqÝƒD÷XgzZVZzg)ZºZt”{

ë÷X (Ionic Equilibrium) ‚Ó]ÆŠgxyZq-ÂZiyqÝƒ@*ìXZkÃgzZãÂZiy

WÎ®Æ_.ZkÂZiy6,ç¿S»Z:tHYYìYVāgzZVZzg)ZºZt”{‚Ó]ÂZiy~ƒD÷X
gzZVqÝƒD÷X Zzg »²w~ZºZtƒ@*ìTÐ AB �Ûn™zāZq-',t0*æ{

ìXgzZãÂZiy6, 'α' ñw°{ZzgZºZt»Šgz 'C' �Ûn™zā',t0*æ{»Zg‚i

ÂZiy6,ç¿SZ:t™ä6,Ô
gzZ+MÅÑb (Ri)

gzZVÆZ�ŠÅÑb (Rc)

gzZãÂZiy6,

#³¬5]÷X Zzg

ÔgzZ+M»xc*ZºZt»xB@*ìX K ÂZiy»x

{²w~iHYñÂ "V" Z¤/Zq-ñw',t0*æ}Ã
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~Šg`™ä6,Ô (1) Å7)zZ] C

t)zZ]WÎ®»−î»çBC�gzZ+Mc*ZºZtÆŠgzZzg−î~ģªCÙ™CìX
àY$ËìX '1' Å7 (1 − α) 7ÁƒCìZka 'α' $zg',t0*æzVÅ

$zg',t0*æ}ÅgzZ+M»ŠgzpÐƒƒ@*ìw)−î(ÆX

WÎ®Æ−c*çÆ÷h+Z]:
WÎ®»çÜs$zg',t0*æzVÆa‡.ÞZ:tìp¤!g',t0*æzVÆa**»xìXªZ,',t0*æ}�

Å7x7gSÉ−î)0*ã5ä6,(nYCìX (K) tÆÃ ~åîg6,gzZâV~psƒD÷XgzZ+Mc*ZºZ ²w

„gCÎZÑ]:
ìXgzZ+Mc*ZºZt»xC[ÙX 4.26% Z$h45ë GHGF,»̃gzZ+M»Šgz 0.01M .1

0.01 = C i:
{ 100 = V

0.0426 = 4.26% = α

? = K

WÎ®»−îçÔ

ìXgzZ+M»ŠgzHì? 3% Zñ4;àgzW‚à»gzZ+M»Šgz 0.02M .2

WÎ®»ç i:
0.02M = C

{50 = V
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? = K

ìXgzZ+M»ŠgzC[ÙX »gzZ+M»x (HCOOH) ÃgîF,˜ 0.01M .3

0.01M = C i:
{ 100 = V

? = α

WÎ®»çÔ−c*²wÆa

0*ã»gzZãqÝ¢[ 15.5

ëY…÷ā',¹ñÆ~gzZVzfe÷ªñÆ»Z®ggzZVÅ®ZŠZzggëg6,ƒ@*ìX0*ã~ÌñÆzZµ

ƒCìX
Ô {Ø0*ãZq-$zgñÝ',tìXñÆZzgŠzu}Š!*]Ð¥xƒZā0*ã~gzZ+M¹ÁƒCìZzg

gzZVqÝƒD÷X
ÆgzZãÂZiyÃZ#fs)zZ]ÐªCÙHY@*ìX

ÃfsÅ)zZ]ÐŠc*Y@*ìX 'K' ÂZiãx

x »Zg‚i½âxƒ@*ìX )gzZã

‚>V~ÜsZq-‚?~gzZ+MzZµƒCìX tx@{HŠHìā
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ìXŠ~ZŸ†Ð Š6, Å7 Ô0*ã»gzZãqÝ¢[B@*ìX

gzZVÆZg‚i»qÝ Zzg Å7~ZŸ†ƒ@*ìYVāgzZVÅ®ZŠ~ZŸ†ƒ@*ìX0*ãc*W!²w~

¢[Ô0*ã»gzZãqÝ¢[B@*ìX
»Zg‚i',Z',ƒ@*ìX Zzg 0*ã®~ƒ@*ìª

®~²wÆa

F,d-ö
IJ

²wÆa

¨~²wÆa

ÆZg‚iÐ²wÅ®~ÔF,d-ö
IJ

c*¨~{¤ÃªCÙHY@*ìX Zk§b

$zgF,Z̃zg$zgZ‚kÅgzZ+MZzggzZ+M»Šgz 15.6

¤!gF,˜c*¤!gZ‚k~½ãågzZ+MzZµƒCìªt%·]0*ã~i™ä6,gzZV~#$YD÷X$zg
F,˜c*$zgZ‚k~ic*Š{gzZ+M7ƒCZzgF,˜c*Z‚k»»Ÿ~zgzZV~#$Y@*ìZzg!*¹z)gzZãqª~ƒ@*ìX

ÈÅ†6,ƒ@*ìX B-OH ÈÅ†6,ƒ@*ìZzgZ‚kÅ¤‰Ü»Z®g H-x F,˜ÌÅ¤‰Ü»Z®g

'α' (Degree of Ionisation) gzZ+M»Šgz
ÐªCÙHY@*ìX 'α' Zq-ñw#»Ÿ~z�gzZy~psƒ@*ìógzZ+M»ŠgzB@*ìZzgZkÃ

Å7ÁƒÂt$zg$pî
GIÔ 'α' Å7ic*Š{ƒÂt%·]¤!gF,Ỗ¤!gZ‚kZzg¤!g',t0*æ}B}÷XZ¤/ 'α' Z¤/

$zgZ‚kZzg$zg',t0*æ{BD÷X
$z HCN ÔHCOOH Ô z){¤!gF,Ú÷Z#ā Ô Ô ÔHCl

z){$zgZ‚k÷X Ô z){¤!gZ‚k÷Zzg KOH ÔNaOH gF,Ú÷XZÏ§b

F,Å̃gzZ+M»xfsÅ)zZÂVÐªCÙHY@*ìX
)F,˜(

F,Å̃gzZ+M»x  

)Z‚k(
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Z‚kÅgzZ+M»x

Å7Îic*Š{ƒÏÔF,Z̃zgZ‚kQã„¤!gƒVÐX Zzg

(Comman - Ion Effect) œugzZV»ZW, 15.7

Zq-',t0*æ}ÆW!²w~gzZVZzg)gzZã',t0*æ}ÆŠgxyZq-ÂZiyaZƒ@*ìZzgZk6,ç¿S»Z:t

ƒ@*ìX
ÆZºZt6,̈gÙX 'AB' Zq-',t0*æ{

ZºZt»xX = K

»Zg‚i(,|YñÇX c* ñ�ŠƒÂ c* Zk²w~Zq-Zzg',¹0*æ{5c*YñT~œugzZV

ÆZg‚i~ÌZŸ†ƒÇXZq-',t0*æ{ÆŠgzZºZt~¶zZµƒCìZ#Zk~œu 'AB' Å7xgppÆa K

gzZVgppzZá',t0*æ{Ã5c*Y@*ìÔZkÃœugzZVZW,ë÷X
²w5c*Y@*ì�Zq-œugzZV ÆŠgzZºZt~¶zZµƒCìZ#Zk~ VwÆîg6,

»ZyZ`™@*ìX
²w5c*Y@*ì�Zq-œugzZV »ŠgzZºZtÁƒY@*ìZ#Zk~ ZÏ§b

�ÛZë™@*ìX

(Solubility Product) i5+k,~»qÝ¢[ 15.8

Z%·]Zzg#0*ã~i5+k,÷Zzgi5+k,~»Z®g%·]ÅâÎÔ†ZzgŠ6,ƒ@*ìXCÙ%“c*#Åi

5+k,~ZƒCìX
¤/Zx…~ñ�Šƒ@*ā§”{²wqÝƒÔi5+k,~BCìXZ¤/

!-Cÿ
E

ÅlZgi5+k,~Æ',Z',ƒÂ 100
!-Cÿ
E

ÅlZg�

qÝƒ@*ìX (Super Saturated Solution) §”{²wqÝƒ@*ìZzgZ¤/
!-Cÿ
E

ÅlZgic*Š{ƒÂ6,c.ç NF§”{²w

Zq-#Æ§”{²w~gzZVZzĝkˆ~ñ�ŠgzZVÆŠgxyÔÂZiyqÝƒ@*ìX

§”{²w §”{²w

~gzZV ~gzZV

ç¿SÆZ:t6,Ô
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gzZ+Mc*ZºZt»x = K

Zg‚ixƒ@*ìX §”{²wÆa

i5+k,~qÝ¢[»x ˜V6,Ô

ÐªCÙHY@*ìX [B@*ìXZkÃ §”{²w~ñ�ŠµZzgtgzZVÆZg‚i»qÝ¢[Ôi5+k,~»qÝ¢

i5+k,~qÝ¢[»Zßw»Z:tÜsbz~i5+k,#c*%·]6,ƒ@*ìZzg§”{²w~gzZV»Zg‚iic*Š{:ƒX

Å©: Z',t0*æ}Æa

(AgCl,  KCl,  NaCl)  :  Type AB  .1

S = Z¤/#Åi5+k,~

( Ô Ô )

ƒÂ 'S' Z¤/i5+k,~

( Ô Ô )

ƒÂ 'S' Z¤/i5+k,~

„gCÎZÑ]:

ìXZkÅi5+k,~HƒÏ? Åi5+k,~qÝ¢[ .1

ìX 'S' �Ûn™zāi5+k,~ i:
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ñw°{ìXi5+k,~»qÝ¢[¥xÙX Åi5+k,~ .2

i:

n)**xC‹�~i5+k,~ÆqÝ¢[»ZEw 15.9

n)**xC‹b~i5+k,~qÝ¢[»Zëgzwƒ@*ìX
²w~gzZV»qÝ¢[Ôi5+k,~qÝ¢[Ðic*Š{ƒÂF,ÂLzZµƒCìX

§”{²w gzZV»qÝ¢[

)§”{²w gzZV»qÝ¢[

%æFN§”{²wZzg#ÅF,ÂL gzZV»qÝ¢[

Ãic*Š{lZg~5c*Y@*ì@*āgzZãqÝ¢[Å7i (Precipitating Agent) lZg~Zzgn=ô~F,?6¬ï

5+k,~qÝ¢[Ðic*Š{ƒ@*āgÎ[qÝƒX
i5+k,~qÝ¢!ZzgœugzZVZW,ÆZßwÆZEÑ])nZzglZg~‹c*](Ãfs~ÒyHŠHìX

(Purification of Common Salt) ¬x#Å$ .1

ÃfsÅ)zZ]ÐªCÙHY@*ìX 5c*Y@*ìXZkÅ HCl Æ§”{²w~ NaCl x#Å$Æa ¬

§”{²w

gzZVÆZg‚i~ZŸ†ƒ@*ìZzggzZãqÝ¢[Å7i5+k,~qÝ¢[Ðic*Š{ƒY@*ìZzg 5ä6, HCl

»gÎ[qÝƒ@*ìX NaCl %æFN§”{²wqÝƒ@*ìXZkÆË~

(Salting out of Soap) ™0Å')Àö
E

´uÏ .2

™0ZdlñF,ØV»Îe*#ìZzg§”{²w)%6²w(Å^~qÝƒ@*ìXZk¿Ã${54è
G

EGE
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ë÷X (Saponification)

ÃfsÅ)zZÂVÐªCÙHY@*ìX §”{²w~ÂZiyZzg

™0»§”{²w

Ðic*Š{ »Zg‚iZzggzZãqÝ¢[~ZŸ†ƒ@*ìXgzZãqÝ¢[Å7 ²w5ä6, NaCl Zk~

ƒYCìZzg™0»gÎ[qÝƒ@*ìX
¤/z\ÆµgzZVÆÏàiÅF,ÂL IV Zzg II .3

(Precipitation of Sulphides of II and IV Group Cations)

¤/z\ÏàiÅF,ÂL IV Åñ�ŠÏ~Zzg HCl ¤/z\µgzZVÆÏàiÅF,ÂL II n‹b~

Åñ�ŠÏ~zZµƒCìX
¤/z\ÆÏàiÅi5+k,~qÝ¢[Å©fs~Š~ˆ÷X IV Zzg II

¤/z\ IV ¤/z\ II

ÃfsÅ)zZÂVÐªCÙHY@*ìX §”{²w~ÂZiyZzg

ŠJCÏà  

ŠJCgzZV

Ïà

Åñ�ŠÏ~ HCl ¤/z\ÏàiÐÁ÷X IV ¤/z\ÏàiÅ© II Å†VÐtªCÙìā

¤/z\ÏàiÅF,ÂLzZµƒC II ÅgzZ+M~œugzZVZW,ÅzzÐ¶zZµƒCìZzgÜs

ìYVāZyÆi5+k,~qÝ¢[Å©ÁƒC÷X
gzZVÆZg‚i~ZŸ†ƒ@* qÝƒ@*ìZzg gzZVÐ Zzg Åñ�ŠÏ~

¤/z\ÏàiÅF,ÂLƒCìX IV Ðic*Š{ƒCìZzgZk§b ¤/z\ÏàiÆgzZãqÝ¢[Å7 IV ìX

(Precipitation of Hydroxides of III Group) ¤/z\µgzZVÆ;àgzW‚àiÅF,ÂL III .4

z){÷áï÷XZyÆ;àgzW‚àiÅi5+k,~»qÝ¢[Å Ô Ô ¤/z\ÆµgzZV~ III
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Æ;àgzW‚àiÅi5+k,~Å7ic*Š{ƒCìZ#Ãfs~Šc*ŠHìX Ô Ô 7ÁƒCìZzg

¤/z\ VI ¤/z\Ô IV ¤/z\ III

5äÐzZµƒCìX Åñ�ŠÏ~ ¤/z\µgzZVÆ;àgzW‚àiÅF,ÂL III

ÃfsÅ)zZÂVÐªCÙHY@*ìX §”{²w~ÂZiyZzg

ŠJC;àgzW‚à

ŠJCgzZV

;àgzW‚àgzZV

Å ÅgzZ+M~œugzZV Åñ�ŠÏ~

¤/z\ŠJC III zzÐ¶zZµƒCìZzggzZãqÝ¢[Å7i5+k,~qÝ¢[Å7Ðic*Š{ƒYCìXZkÅzzÐ
;àgzW‚ài»gÎ[qÝƒ@*ìX

Æ;àgzW‚àiÅi5+k,~Å7ic*Š{ƒCìZzgtgÎ[7¯MhªZyÆgÎ[qÝ7 Mg ÔMn ÔZn

ƒDX

(Learning Outcomes) Zõ!}ò 15.10

ZkZ»ð~ëäøDfsÆ!*g}~¥â]qÝX:

%·])F,ÚÔZ‚kÔ#(Æ²w~Ð',¹¦z¦/Zgä6,ñÆzZµƒCìXZyÃ',t0*æ}ë÷XñÆ .1

Åzz²w~ñ�ŠgzZVÅ®ZŠÔgzZVÅgëg6,ƒ@*ìX
%“»Ÿ~zTÅgzZ+MzZµƒCìÔgzZ+M»ŠgzB@*ìX .2

z){X ÔNaCl ÔHCl gzZ+M»Šgzic*Š{ƒÂt¤!g',t0*æ{B@*ì} .3

z){X HCOONa Ô Ô gzZ+M»ŠgzÁƒÂt$zg',t0*æ{B@*ì} .4

gzZ+M»Z®g
!-Cÿ
E

ÅâÎÔ…ÅâÎÔ²wÆZg‚iZzgŠ6,ƒ@*ìX .5

ƒCì Zg‚i»qÝ¢[Ô0*ã»gzZãqÝ¢[B@*ìXZkÅ7 Zzg W!²w~ .6

ZzgŠÆZŸ†7(,fìX
WÎ®Æ−î»çÆ_.gzZ+MgZ„pÐƒƒCìwÆX .7

WÎ®»ç»Z:tÜs$zg',t0*æzV6,ƒ@*ìZzgtç¤!g',t0*æzVÆa**»xƒ@*ìX .8

',t0*æ{ÅŠgzgzZ+M~¶zZµƒCìZ#Zq-œugzZV»',t0*æ{5c*YñXZkÃœugzZVZW,ë÷X} .9
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»ZyZ`™@*ìX 5c*Yñ�œugzZV ÅgzZ+M~¶ƒCìZ#ZkÆ²w~

i5+k,~qÝ¢[ZzgœugzZVZW,ÆZßwÃnZzglZg~‹c*C~ZEwHY@*ìX .10

(Key Words) ã~ZÖp 15.11

',¹0*æ{ÅgzZ+M~¶ƒCìZ#Zk~œugzZV»ŠzuZ',t0*æ{5c*Y@*ìX œugzZVZW,: .1

™0ZdlñF,»̃Îe*#�§”{²wÐqÝƒ@*ìXZk¿Ã${54è
G

EGEë÷X : (Sponification) ${54è
G

EGE .2

ƒC gzZVÆZg‚i»qÝ¢[XZkÅ7 Zzg W!²w~ 0*ãÆgzZV»qÝ¢[: .3

ìX
§”{²w~gzZVÆZg‚i»qÝ¢[X i5+k,~»qÝ¢[: .4

',t0*æ{ÅŸ~lZg�gzZV~psƒCìX gzZ+M»Šgz: .5

(Model Examination Questions) %:ZJãÎZÑ] 15.12

(Obejctive Answer Type Questions) czè�Z!*]ÆqïÎZÑ] (A)

9�Z[Å¶K0+„ÙX

W:Z®Æ−îçÆ_. .1

Ãð7 (d) (c) (b) (a)

»Zg‚iìX ìXZk~ Å7 Zq-®~²w~ .2

(d) (c) (b) (a)

ìXZkÅi5+k,~Å7ìX »i5+k,~»qÝ¢[ AB Zq-# .3

(d) (c) (b) (a)

²wÅâÎHì? .4

Šz¥q (d) ®~ (c) ¨~ (b) F,d-ö
IJ

(a)

ñw°{ìXZkÅi5+k,~»qÝ¢[ìX Åi5+k,~ AgCl .5

Ãð7 (d) (c) (b) (a)

™0»¬xŸ‚ìX .6

(b) (a)

(d) NaCl (c)
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W:Z®Æ−î»ç¾',t0*æ{Æa‡.ÞZ:tìX .7

(d) NaCl (c) HCl (b) (a)

ZzggzZV»qÝ¢[»ģìX §”{²wÆa .8

gzZV»qÝ¢[ (b) gzZV»qÝ¢[ (a)

Ãð7 (d) gzZV»qÝ¢[ (c)

Æ‚BÃy‚',t0*æ{5c*Y@*ì? ¤/z\µgzZVÆÏàÆgÎ[Æa II .9

NaCl (d) (c) (b) HCl (a)

ìÔ²wÅâÎƒÏ ìZzggzZV»qÝ¢[ Zq-²w~#Åi5+k,~qÝ¢[ .10

−c*²w (d) %æFN§”{²w (c) **§”{²w (b) §”{²w (a)

(Short Answer Type Questions) ¿�Z!*]ÆqïÎZÑ] (B)

SzV~É
ÀŸ/õGX 10 fsÆCÙÎZw»�Z[

¤!gZzg$zg',t0*æ}H÷?VBŠØX .1

gzZ+M»ŠgzÅ°pÙZk6,Š»ZW,ÒyÙX .2

œugzZV»ZW,ÐH%ZŠì?n‹b~ZkÆÃðŠzZEÑ]ÒyÙX .3

ñw°{ìXZkÅi5+k,~»qÝ¢[C[ÙX Åi5+k,~ Zq-',t0*æ{ .4

0*ã»gzZãqÝ¢[ÐH%ZŠì?ZkÅ7Hì? .5

ìXZºZt»Šgz¥xÙX 0.005M ZzgZg‚i pH = 5 » (Mono basic acid) Zq-Z‚ÏF,˜ .6

¬x#Å$~œugzZV»ZW,ÒyÙX .7

H÷? (Group Reagents) ¤/z\µgzZVÆÏàiÅF,ÂL¾§bzZµƒCì?¤/z\Æ!3™)Õä
G

] II .8

(Long Answer Type Questions) îs�Z!*]ÆqïÎZÑ] (C)

SzV~É
ÀŸ/õGX 30 fsÆCÙÎZw»�Z[

Å)zZ]Z~.ÙZzg÷h+Z]ÒyÙX (Ostwald's Dilution Law) W:Z®Æ−îç (a) .1

ìXF,˜ÆZºZt»x¥xÙX 4.5% 6, q-Z‚ÏF,»̃ŠgzZºZt 0.1N (b)

gzZ+M»ŠgzZzgZk6,ZW,Z0+ZiƒäzZáúZïÅ=ôÙX (a) .2

Æa)zZ]Z~.ÙX Zq-F,˜ÆgzZ+MÆx (b)

i5+k,~Zzgi5+k,~ÆqÝ¢[Z˜q]Å=ôÙXnZzglZg~6ð‹b~Zy»gzwÒyÙX .3
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WÎ®»−î»çÐ¤!g',t0*æ}YVZāZs™D÷? (a) .4

¤!g',t0*æzVÆZÃc*]ÒyÙX (b)

Åi5+k,~°ñwZzgi5+k,~ AgCl ìXZkŠ6, ¤/Zx°{ìZ#āŠ 0.0014 Åi5+k,~ AgCl .5

(35.5 = Cl,    108 = Ag) »qÝ¢[¥xÙX

(Suggested Books for Further Readings) '×h+_¬Æa?m,™Š{ÂÁ 15.13

1. Principles of Physical Chemistry by Prutton and Marron

2. Essentials of Physyical Chemistry by Bahl and Tuli

3. Physical Chemistry Through Problems by S.K. Dogra

4. Text Book of Physical Chemistry by K.L. Kapoor

5. Text Book of Physical Chemistry by Puri and Sharma

6. Text Book of Physical Chemistry Soni and Dharmahra

////////////
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:‘²wÔ#ÅW[0*æÏ 16 Z»ð
(Buffer Solutions and Salt Hydrolysis)

Z»ðÆZbZ
ā 16.0

£œ 16.1

0*ã»gzZãqÝ¢[ 16.2

(pH Scale) ZÏ pH Å°pZzg pH 16.3

pH $zgF,Z̃zg$zgZ‚k» 16.4

‘²wZzgZlxÔ',s¿Å}+MÔ‘Rö 16.5

ÅígÍ)zZ] pH ‘²wÆ 16.6

#ÅW[0*æÏÔW[0*æÏ»ŠgzÔ#ÆZlx 16.7

Zzg)zZ' pH ZëVÆ 16.8

i5+k,~Zzgbz~i5+k,~#Åi5+k,~»qÝ¢[ 16.9

6ð‹t~i5+k,~ÆqÝ¢[»ZEw 16.10

Zõ!}ò 16.11

ã~ZÖp 16.12

%:ZJãÎZÑ] 16.13

czè�Z!*]ÆqïÎZÑ] (A)

¿�Z!*]ÆqïÎZÑ] (B)

îs�Z!*]ÆqïÎZÑ] (C)

'×h+_¬Æa?m,™Š{ÂÁ 16.14
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(Preface) ā 16.0

Z#ËŠJ]Åsc~Ð',t¦/Zg~YCìÂZ¼Zy»·îic*Š{',¹¸{ÐÁ',¹¸{ÅY+$ƒ@*ìªZ¼ZyÅ

ë÷X (Metallic Conductor) c*ŠJCñÝ (Electronic Conductor) ÃzZµƒCìXŠJ]ÃZ9ZãñÝ

(Electrolytic Z¤/Ë#ÔF,Úc*Z‚kÆ²w~Ð',t¦/Zg~YñÂgzZVÅÃzZµƒCìZyÃ',t0*æ~ñÝ

ÆNaOH ÔHCl ÔNaCl ë÷XgzZV#³',−{6,vƒD÷X‰ (Electrolytes) c*',t0*æ} Conductors)

BD (Strong electrolytes) ²wz){X',t0*æÏ»Z®ggzZ+M6,ƒ@*ìXZ¤/gzZ+M»Šgzic*Š{ƒÂt¤!g',t0*æ}

Ô Ô z){ZzgZ¤/gzZ+M»ŠgzÁƒÂ$zg',t0*æ}BD÷X‰ KCl ÔHCl ÷‰

z){X

pH {Ø0*ãÅñÆÁƒCìYVāt¹ÁlZg~gzZV~psƒ@*ìXZq-²wÅF,d-ö
IJ

Ô̈~c*®~âÎÃ
pH ~pszZµƒCìX²wÆ pH ÆZg‚iÃªCÙHY@*ìX¬xîg6,²wÃîgÄghä6, ÐpH ÐªCÙHY@*ìX

5ñYD÷X (Buffer Solution) Ã',ŒÛZggppÆa‘²w

Zq-#ÆµgzZVc*tgzZVc*ŠzâVgzZV»0*ãÐ¬ï#ÅW[0*æÏB@*ìXW[0*æÏÐW!²w~

gzZVWiZŠƒD÷X Zzg

(Aims) £œ 16.1

ZkZ»ð~W\øDfsÆ!*g}~¥â]qÝ™,ÐX

(Ionic Product of Water) 0*ã»gzZãqÝ¢[ /

Å°p pH /

‘²wZzgZkÆZlx /

(Degree of Hydrolysis) #ÅW[0*æÏZzgW[0*æÏ»Šgz /

i5+k,~Zzgbz~i5+k,#»i5+k,~»qÝ¢[ /

6ð‹b)=ô(~i5+k,~ÆqÝ¢[»ZEwX /

(Ionic Product of Water) 0*ã»gzZãqÝ¢[ 16.2

~¹ÁgzZ+MzZµƒCìTÐ {Ø0*ã$zgñÝ',tìpŠ!*])ñÆeð(ÐªCÙƒZā

qÝƒD÷X Zzg

ÆŠzâVÂZiyÃfsÅ)zZ]ÐªCÙHY@*ìX

Å)zZ]fs~Š~ˆìX 'K' ÂZiyx
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xìX »Zg‚i½ãxƒ@*ìª )gzZã

0*ã»gzZãqÝ¢[

ÆZg‚i»qÝ¢[Ô0*ã»gzZãqÝ¢[B@*ìXZkÅ7 Zzg 0*ãc*W!²w~

Å7~ÌZŸ†ƒ@*ìX Zg‚i~ZŸ†ƒ@*ìZzg ìXŠÆZŸ†Ð

(pH Scale) ZÏpH Å°pZzg pH 16.3

Å7 0*ãZq-®~âùìª0*ã~

®~²w

F,d-ö
IJ

²w

¨~²w

ZÏÃ pH ÅZ˜bŠ~Zzg pH ä S.P.L. Sorenson Ë²wÅF,d-ö
IJ

Ô̈~c*®~{¤ÃªCÙ™äÆa

Å°pZ§hVÐŠ~YCìX pH ”gs™zZc*X

ÆZg‚iÃªCÙ™@*ìX Åţ]»°Šì� 10 ÔpH ²w» : pH   .I

ì(ZzgZg‚iñw°{ƒX 10 Zg‚iÆtßÇgíì)T»Z‚k ÔpH ²w» : pH   .II

ˆ!§jÐZkÃfsÅ)zZ]ÐªCÙHY@*ìX

Zg‚iÆwk»ßÇgíìX ÔpH ²w» : pH   .III

Ã̈e$»Šgz¥x™äÆaZEwHY@*ìX pOH ÐF,7L»Šgz¥xHY@*ìZÏ§b pH

ÃfsÅ)zZ]ÐªCÙHY@*ìX pOH

ëY…÷ā ZÏ: pH
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²wF,d-ö
IJìX

²ẅ~ìX

²w®~ìX

F,Ù²w pOH < 7 pOH > 7

¨~²w pOH > 7 pOH < 7

®~²w pH = pOH = 7

pH Scale

ÎZÑ]:

C[ÙX pOH Zzg pH ìXZk» 0.005N »Zg‚i Zq-²wÆ .1

i:

C[ÙX pH B{0*ã~5c*ŠHX 100 Ã ¤/Zx 0.63 .2

1000

wB{
< »ziy

»‚@ziy
= M ñÑg¨ i:
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1 + 14 + 48 = »‚@ziy

63 =   

¥xÙX pH B{~iHŠHX²w» 500 Ã NaOH ¤/Zx 2 .3

**g$Ó4-öGH i:

[ 40 = 24 + 16 + 1 = »‚@ziy NaOH ]

gzZV»Zg‚i¥xÙX ìX;àgzXgzZVZzg 3.75 = pH Zq-²w» .4

i:

pH $zgF,Z̃zg$zgZ‚k» 16.4

¤!gF,Z̃zg¤!gZ‚k²w~ågzZ+Mgnp÷ªgzZV~#$YD÷ZyÅgzZ+M»Šgzic*Š{ƒ@*ìX‰

z){X KOH Ô Ô Ô Ô

Ô $zgF,Z̃zg$zgZ‚k²w~**ågzZ+MƒCìZzg%“»Ÿ~zgzZV~#$Y@*ìX‰

z){X Ô Ô ÔHCN ÔHCOOH

Zzg$zgF,Úz$zgZ‚k$zg',t0*æ} (Strong electrolytes) ¤!gF,ÚZzg¤!gZ‚kZi',t0*æ}

÷X$zgF,˜c*$zgZ‚kÆZg‚iÔŠb‰Zg‚iÐÁƒD÷YVāF,˜c*Z‚k»Ÿ~zgzZV (Weak electrolytes)

~#$Y@*ìZzg†z)gzZ+MÅ̂~gLìX
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(αααα) Zg‚i=Šc*ŠHZg‚i<gzZ+M»Šgz

Zg‚i=Šc*ŠHZg‚i<

Šc*ŠHZg‚i = C gzZ+M»xìZzg = K Ô˜V6,

„gCÎZÑ]:

ìX 2.3% ¥xÙTÅgzZ+M»Šgz pH Z$h45ë GGHF,»̃ 0.002N .1

i:
»Zg‚i ìª 2.3% F,Å̃gzZ+M»Šgz

Å7¥xÙX pH gzZ+M)ZºZt(»ŠgzzZµƒZX 3% Zñ4;àgzW‚à» 0.02 M .2

i:
»Zg‚i ìª 3% gzZ+M»Šgz

ZzgZlxÔ',s¿Å}+MÔ‘Rö (Buffer Solution) ‘²w 16.5

5c*Y@* NaOH c*HCl ~p~zZµƒCìZ#ZyÃic*Š{Šk,J-îghŠc*Y@*ìXc*Zy~ pH ¬xîg6,²wÆ

_.[™@* (Silicate) _.[™@*ìc*†kÐ_5Ó½3ï GGH ìpic*Š{Šk,J-gpp6,tcYÐ '7' Å7 pH ìX{Ø0*ãÆ

~p~zZµƒCìX pH ìZzg
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pH ÆWö}» tx@{HŠHìā$zgF,Z̃zg$zgF,X̃¤!gZ‚kÆ#

xƒ@*ìXZkWö}Ã‘²wë÷X

‘²wÆZqÐi~S:]:

ƒCìX (Definite) 7¥ pH ZkÅ .1

Å7~p~zZµƒCìX pH ic*Š{æ]J-gpp6,c*−ä6,Ì .2

5ä6, (Base Buffer) 5ä6,c*Z‚k‘ HCl~ (Acid Buffer) F,˜‘ .3

~©àp~zZµƒCìX pH

(Basic Buffer) Z‚k‘ .2 (Acid Buffer) F,˜‘ .1 ‘²wÆŠzZlx÷: ‘²wÆZlx:

F,˜‘Ô$zgF,Z̃zg¤!gZ‚kÆ#»WöìX .1

z){X Ô Ô ‰

Z‚k‘Ô$zgZ‚kZzg¤!gF,˜Æ#»Wö{ìX .2

z){X Ô ‰

: (Mechanism of Buffer Action) ‘¿Å}+M
Åp~~'×ZØL‘¿óBCìXF,˜‘ZzgZ‚k‘Æa‘¿Å}+Mfs~Š~ pH ²w~F,˜c*†5ä6,

ˆìX
$zgF,Z̃zg¤!gZ‚kÆ#»‘Wö{ (A

Zq-¤!g ñ�ŠgT÷p Zq-$zgF,˜ìT~P;àgzXgzZV

gzZVÅlZgic*Š{ƒCìX Zzg ',t0*æ{ìT~

~pH qÝƒ@*ìTÅgzZ+M¹ÁƒCìZzg Ð Zzg ¤!gF,5̃ä6,

Å̂~ZyZ`ƒ@*ìX gzZV» p~7ƒCXZk§b

qÝƒD÷X Zzg Æ¬ïÐ Zzg 5ä6, NaOH ¤!g†

Å7~p~7ƒCX pH Å̂~ZyZ`ƒ@*ìZzg gzZV» Zk§b

Zzg ‘²w~¤!gF,5̃ä6, $zgZ‚kZzg¤!gF,˜Æ#»‘Wö{ (B)

Å7~p~7ƒCX pH »ZyZ`ƒ@*ìZzg Zzg Æ¬ïÐ
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» qÝƒ@*ìXZk§b5ñ‰ Æ¬ïÐ Zzg 5äÐ NaOH ¤!g†

~p~7ƒCX pH ZyZ`ƒ@*ìZzg

: (Buffer Capacity) ‘Rö
~Z»ðp~aZ™CìXZk pH ‘²wÅ‘RöÐ%ZŠ¤!gF,˜c*¤!gZ‚kÆñwÅ®ZŠ°{ì�‘²wÅ

ÐªCÙHY@*ìX φφφφ ÃfsÅ)zZ]ÐŠc*Y@*ìX‘RöÃ

(φφφφ) ‘Rö =
Zq-{²w~F,˜c*Z‚kÆñwÅ®ZŠ

~p~ pH

)gzZ+M»x(c*$zgZ‚kÅ)gzZ+M» Z(‘TÅRöic*Š{ƒÔZY‘ŒY@*ìXZk»Z®g$zgF,Å̃

Å7ZzgZg‚i6,ƒ@*ìX x(

ÆŒÛd$ƒÂtZq-ZY‘Bc*Y@*ìX pH Å©‘ÅŠg»g c* Z¤/

(Henderson's Equation) ÅígÍ)zZ] pH ‘²wÆ 16.6

: (pH of Acid Buffer) Å)zZ] pH F,˜‘Æ (A)

ñ�ŠìXZyÅgzZ+MÃfsÅ)zZÂVÐªCÙHY@*ìX NaA ZzgZk»# HA Zq-F,˜‘Ã̈gÙT~$zgF,˜

ÅgzZ+M¹ÁƒCìXZkÆgzZãxÃfsÅ)zZ]ÐŠc*Y@*ìX HA

F,Å̃gzZ+M»xìX ˜V

gzZVÅ®ZŠÁƒYC Ô ÅgzZ+M'×h+ÁƒYCìZzg HA Åzz (Common in Effect) œugzZVÆZW,

gzZV#ÅzzÐqÝƒD÷X ÆZg‚iÃZ’ZðZg‚iÆîg6,1Y@*ìXZk§bÓx HA ìX

Îä6,Ô (Logarithm) )zZ]ÆŠzâVY+$tßÇgí
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BCìX (Henderson's Equation) ÅígÍ)zZ] pH t)zZ]F,X̃‘Æ

: (pH of Basic Buffer) Å)zZ] pH Z‚k‘Æ (B)

ñ�ŠìZyÅgzZ+MÃfsÅ)zZ]ÐŠc*Y@*ìX BCl ZzgZk»# BOH Zq-Z‚k‘Ã̈gÙT~$zgZ‚k

»ZºZtc*gzZ+M¹ÁƒCìXZkÆgzZãxfsÅ)zZ]ÐªCÙHY@*ìX BOH $zgZ‚k

Z‚kÅgzZ+M»xìX ˜V

gzZVÅ®ZŠ¹ÁƒYCìXZk§b Ô ÅgzZ+M'×h+ÁƒYCìZzg BOH œuµgzZVÆZW,Ð

ÆZg‚iÃZ’ZðZg‚iÆîg6,1Y@*ìX BOH gzZV#ÅzzÐqÝƒD÷X Óx

)zZ]ÆŠzâVY+$tßÇgíÎä6,Ô

BCìX (Henderson's Equation) ÅígÍ)zZ] pH t)zZ]Z‚k‘Æ

„gCÎZÑ]:
5c*ŠHX‘²wÅ Îe*Z$h43ï GHGH 0.01M Zzg Zq-‘²w~ .1

ìX »gzZãx ¥xÙZ#ā

i:
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¥xÙX 5™‘²w»gHŠHX‘²wÅ Ô2M B{ 25 Zzg Ô0.1M B{ 50 .2

ìX 4.8 Å7

i:

#ÅW[0*æÏÔW[0*æÏ»ŠgzÔ#ÆZlx 16.7

Zzg)zZ' pH ZëVÆ 16.8

Zq-Šzu}Å®s™D÷XF,Z̃zgNÆ¬ïÐ#qÝ Zzg ìYVā 7 Å7 pH {Ø0*ãÆ

ƒD÷X#0*ã~)W!²w~(gzZV~psƒD÷XµgzZVc*tgzZVc*ŠzâVgzZV0*ãÐ¬ï™Æ$zgF,Ỗ$zg

ÐiZZ+qÝƒCìX 7 ÐÁc* 7c*7 Å7 pH Z‚kc*ŠzâV»g™D÷XZkÅzzÐ²wÅ

Z(¬ïT~#Æµc*tgzZVc*ŠzâVgzZV0*ãÐ¬ï™ÆF,7Lc*¨e$aZ™D÷ó#ÅW[0*æÏ

B@*ìX

: (Degree of Hydrolysis) W[0*æÏ»Šgz
ÐªCÙHY@*ìX 'h' Zq-ñw#»Ÿ~zTÅW[0*æÏ¿~WCìóW[0*æÏ»ŠgzBCìXZkÃ

W[0*æÏÅZ‚k6,#ÆegZlx÷X #ÆZlx:

z){X ÔNaCl ¤!gF,Z̃zg¤!gZ‚k»#} (I)

z){X Ô ¤!gF,Z̃zg$zgZ‚k»#} (II)

z){X Ô $zgF,Z̃zg¤!gZ‚k»#} (III)

z){X Ô Ô $zgF,Z̃zg$zgZ‚k»#} (IV)

z){: Ô ÔNaCl ¤!gF,Z̃zg¤!gZ‚k»#} (I)

Zzg ÔNaCl ZyëV~W[0*æÏzZµ7ƒCXW!²w~t#µgzZVZzgtgzZVaZ™D÷X}
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¯D÷XtŠzâV%·]¤!g',t0*æ}÷X HCl Zzg NaOH qÝƒD÷XtgzZV0*ãÐ¬ï™Æ

¯D÷X#ÅW[0*æÏzZµ7ƒCZzg²wÅâÎ®~ ï™ Zzg ~ågzZ+MzZµƒCìX

ƒCìX
Ô Ô Ô

z){: Ô Ô ¤!gF,Z̃zg$zgZ‚k»#} (II)

gzZVqÝƒD÷X Zzg ÅgzZ+MÐ ÅW[0*æÏ6,̈gÙX

gzZVÃJw™ä»ÁgDyg‚rì² Ð »izYZ‚kìZzg$zgƒäÅzzÐ HCl gzZVÔ

»g‚iic*Š{ƒ@*ìZzg²wF,d-ö
IJƒ@*ìX ¯@*ìZk§b²w~ gzZVÃJw™Æ gzZV0*ã

: (Hydrolysis Constant) W[0*æÏ»x (A)

ÅW[0*æÏÃfsÅ)zZ]ÐªCÙHY@*ìX

ç¿SÆ_.Ô

gzZ+M»x = K

x

W[0*æÏ»x

W[0*æÏ»xZzgW[0*æÏÆŠgZ~ģ: (B)

Zq-ñw#»Ÿ~zTÅW[0*æÏ¿~WCìÔW[0*æÏ»ŠgzBCìX
ìX 'h' {~iHŠHZzgZkÅW[0*æÏ»Šgz 'V'Ã �Ûn™zāZq-ñw

{ìX V W[0*æÏ»ŠgzìZzgw 'h' �Ûn™zā
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Zg‚ixì( )

)#»²w(: (C)

ìX »g‚i ¬ï~

)zZ]ÆŠzâVY+$tßÇgíÎä6,Ô

z){: KCN Ô Ô $zgF,Z̃zg¤!gZ‚k»#} (III)

qÝƒD÷X Zzg ÅW[0*æÏ6,̈gÙXZkÅgzZ+MÐ  

¯@*ìXZk Jw™Æ Ð »izYgzZVìZzg$zgƒäÅzzÐ NaOH gzZVÔ

»Zg‚i(,|Y@*ìZzg²ẅ~ƒ@*ìX §b²w~

ÅW[0*æÏÃfsÅ)zZ]ÐªCÙHY@*ìX W[0*æÏ»!i¨ÿ
G

: (A)

ç¿SÆ_.Ô
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gzZ+M»x = K

x

W[0*æÏ»x

W[0*æÏ»xZzgW[0*æÏÆŠgZ~ģ: (B)

Zq-ñw#»Ÿ~zTÅW[0*æÏ¿~WCìÔW[0*æÏ»ŠgzBCìX
{ìX 'V' W[0*æÏ»ŠgzìZzgw 'h' �Ûn™zā

xì

#»²w: pH (C)

ìX »Zg‚i ¬ï~
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)zZ]ÆŠzâVY+$tßÇgíÎä6,Ô

   

z){: Ô Ô $zgF,Z̃zg$zgZ‚k»#} (IV)

qÝƒD÷X Zzg ÅW[0*æÏ6,̈gÙXZkÅgzZ+MÐ

gzZV gzZVŠzâV¤!g÷YVāt$zgZ‚kZzg$zgF,˜ÆizYgzZV÷X Zzg

¯D÷X Jw™Æ Ð gzZV Zzg Jw™Æ Ð

$zgZ‚kZzg$zgF,˜÷XZka²w®~ƒ@*ìXZ¤/µgzZV¤!gƒÂ²w~ Zzg

F,]43ï IGJGqÝƒCìXtgzZV¤!gƒÂ¨~²wqÝƒ@*ìX

W[0*æÏ»x: (A)

ÅW[0*æÏfsÅ)zZ]~Šc*Y@*ìX

ÂZiy6,¿S»çZ:t™ä6,Ô

x( )

W[0*æÏ»xZzgW[0*æÏÆŠgz~ģ: (B)

W[0*æÏ»ŠgzìX 'h' {²w~5c*ŠHZzg 'V' �Ûn™zāZq-ñw#Ã

àYCìª '1' Å7 Å7¹ÁìZka 'h'
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Å7)#²wÆa(: (C)

ÃfsÅ)z]C[HY@*ìX gzZVÆZg‚iZzg

1YYìX '1' Å7Ã (1−h)

)zZ]ÆŠzâVY+$tßÇgíÎä6,

Zz6,Å)zZ]ÐtªCÙìāZ¤/F,Z̃zgZ‚kÆgzZãx)z~ƒVÂ²w®~ƒÇX

ƒÂ²wF,d-ö
IJƒÇX ƒÂ²ẅ~ƒÇZzg Z¤/
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„gCÎZÑ]:

ñw7N*ôZ$h43ï GHGHÃ5™Zq-‘»gHŠHT»wZq-{ìXZk‘²w» 0.01 ñwZ$k5ë GHF,Z̃zg 0.1 .1

ì( »gzZ+M»v ¥xÙX)

i:

¥x ñwZñ4³gZà5™»gHŠHX²w» 0.025 ñwZñ4;[+gzW‚àZzg 0.015 Zq-‘²wÃ .2

ìX( »gzZ+M»x ÙX)

i:

 

i5+k,~Zzgbz~i5+k,~#Åi5+k,~»qÝ¢[ 16.9

Z#0*ã~i5+k,÷Xi5+k,~»Z®g#ÅâÎZzgŠ6,ƒ@*ìX¬xîg6,ªõ&]~ª#i5+k,

ƒD÷Zzg)ªõ&]~)ª%·]i5+k,ƒD÷X

¤/Zx…~ñ�Šƒó@*ā§”{²wqÝƒói8,k,~BCìX‰%·]c*#bz~îg6,… 100
!-Cÿ
E

ÅlZg�

z){X   ÔAgCl ~i5+k,ƒD÷X}

: (Solubility Product of Sparingly Soluble Salts) bz~i5+k,#Åi5+k,~»qÝ¢[

Ô0*ã~§”{²w¯@*ìZzggzZV~psƒ@*ìX§”{²w~gzZVZzĝk43ï XGOG~ AgCl bz~i5+k,~#

ñ�ŠgzZVÆŠgxyÂZiyqÝƒ@*ìX
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k̂43ï XGOG §”{²w
~gzZV~gzZV

ç¿SÆZ:t6,Ô

gzZ+Mc*ZºZt»x = K xÔ

i5+k,~qÝ¢[»x

ÐªCÙH §”{²w~ñ�ŠµgzZVZzgtgzZVÆZg‚i»qÝ¢[Ôi5+k,~»â°¢[B@*ìXZkÃ

Y@*ìX

Å©: ZëVÆ

#Åi5+k,~

c*

„gCÎZÑ]:

ñw°{ìXi5+k,~»qÝ¢[¥xÙX Åi5+k,~Å7 AgCl .1

i:
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ñw°{ìXi5+k,~»qÝ¢[C[ÙX Åi5+k,~ .2

i:

           

6ð‹t~i5+k,~ÆqÝ¢[»ZEw 16.10

Zq-#Æ²w~gzZV»qÝ¢[Ôi5+k,~ÆqÝ¢[Ðic*Š{ƒÂ#ÅF,ÂLzZµƒCìX
%æFN§”{²wZzg#ÅF,ÂL Z¤/gzZV»qÝ¢[

**§”{²w gzZV»qÝ¢[

§”{²w  gzZV»qÝ¢[=

lZg~=ô~ic*Š{lZg~F,?6¬ï5c*Y@*ì@*āgzZV»qÝ¢[Åµi5+k,~ÆqÝÐic*Š{ƒ@*ā#

ÅF,ÂLzZµƒX

5c*Y@*ì ÅF,ÂLÆaic*Š{lZg~ }¬ï

ZzggzZVÆqÝ¢[~ZŸ†ƒ@*ìX
II n=ô~ÌgzZVÆqÝ¢[Å7i5+k,~ÆqÝ¢[Ðic*Š{ƒCìZzgF,ÂL~zZµƒCìX

¤/z\µgzZVÅF,ÂLÏà#Å̂ IV Åñ�ŠÏ~ÅYCìX HCl ¤/z\ÆµgzZVÅF,ÂLÏà#Å̂~

’Å̂~9¦/Zg}YD÷@*āgzZV»qÝ Åñ�ŠÏ~ÅYCìX‹bÆŠzgZyÏàgzZV) ~

¢[Ôi5+k,~ÆqÝ¢[Ðic*Š{ƒZzg#ÅF,ÂLƒX
»Zg‚i(,JäÐgzZV»qÝ¢[ic*Š{ƒ@* ¤/z\µgzZVÅF,ÂL;àgzW‚àiÅ̂~ÅYCìX

¤/z\~ III ÐZzg HCl ¤/z\~ÏàgzZV»Zg‚iÃ II ¤/z\ŠJCc*;àgzW‚ài»gÎ[qÝƒ@*ìX III ìZzg

ÐNzwHY@*ìX »Zg‚i

(Learning Outcomes) Zõ!}ò 16.11

ZkZ»ð~W\äøDfsÆ!*g}~¥â]qÝÅìX

ÆZg‚i»qÝ¢[Ô0*~»gzZãqÝ¢[B@*ìX Zzg W!²w~ .1

ƒCìZzgŠÆZŸ†ÐZkÅ7~ZŸ†ƒ@*ìX 0*ãÆgzZë
E
LqÝ¢[Å7 .2
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ÅZ˜bŠ~X pH ä Sorenson ²wÅF,d-ö
IJ

Ô̈~Ô®sâÎÃªCÙÆa .3

ì(ZzgZg‚iñw°{ìX 10 Zg‚i»tßÇgíì)T»Z‚k ÔpH ²w» .4

Å7ÎÁƒÏX²wQÚ„F,d-ö
IJƒÇX pH .5

®~²w

F,d-ö
IJ

²w

¨~"w

c*$zg xƒ@*ìX$zgF,Z̃zg$zgF,X̃¤!gZ‚kÆ# pH ‘²w» .6

ÆWö}»²w‘²wB@*ìX Z‚kZzg$zgZ‚kX¤!gF,ÚÆ#

ZEwÅYCìX (Henderson's Equation) Æa pH ‘²wÅ .7

F,˜‘²wÆa

Z‚Ï‘²wÆa

Z(¬ïT~#ÆµgzZVc*tgzZVc*ŠzâVgzZV0*ãÐ¬ï™ÆF,7Lc*¨e$aZ™D÷Ô#ÅW[ .8

0*æÏB@*ìX
Zq-ñw#»ŸzTÅW[0*æÏ¿~WCìÔW[0*æÏ»ŠgzBCìX .9

§”{²w~ñ�ŠµgzZVZzgtgzZVÆZg‚i»qÝ¢[Ôi5+k,~»qÝ¢[B@*ìXZkÃ6ð‹b~ .10

ZEwHY@*ìX

(Key Words) ã~ZÖp 16.12

',t0*æ}»Ÿ~z�gzZV~psƒ@*ìX gzZ+M»Šgz: .1

ÆZg‚i»qÝ¢[ Zzg W!²w~ 0*ãÆgzZV»qÝ¢[: .2

²wÅF,d-ö
IJ

c*¨~¤‰Ü»e:X : ZÏ pH .3

xƒCìZzg−ä6,Ìps7ƒCX pH Z(²wTÅ ‘²w: .4

§”{²w~gzZVÆZg‚i»qÝ¢[X i5+k,~»qÝ¢[: .5

Å)zZ]X pH ‘²wÆ : Henderson's Equation .6
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(Model Examination Questions) %:ZJãÎZÑ] 16.13

(Obejctive Answer Type Questions) czè�Z!*]ÆqïÎZÑ] (A)

9�Z[Å¶K0+„ÙX â^:

ÆgzZãqÝ¢[Å7ìX .1

Ãð7 (d) # (c) (b) (a)

Zg‚iÅ7ìX ìX Zg‚i Zq-²w~ .2

(d) (c) (b) (a)

Å7ìX pH ²wÆ .3

Ãð7 (d) >7 (c) <7 (b) 7 (a)

Å7ìX pOH ìXZkÆ »Zg‚i Zq-²wÆ .4

7 (d) 14 (c) 10 (b) 4 (a)

Zq-²w~gzZV»qÝ¢[ZkÆi5+k,~ÆqÝ¢[Æ)z~ìX²wÅâÎìX .5

−c*²w (d) %æFN§”{²w (c) **§”{²w (b) §”{²w (a)

~ģìX Ô Ô Æa $zgF,X̃¤!gZ‚k# .6

(b) (a)

(d) (c)

Å7ìX ñw°{ìXZkÅi5+k,~»qÝ¢[ Åi5+k,~ .7

(d) (c) (b) (a)

Å7ƒÏX pH Å¼lZg5ðˆX²wÅ HCl ìXZk~ 5.97pH F,˜‘²wÅ .8

14 (d) >7 (c) 5.9 (b) 7 (a)

Å)zZ]ìX pH .9

(b) (a)

Óx9 (d) (c)

»g‚iƒÇX Ô Zq-ºmŠ0*ãÆgzZãqÝ¢[»x .10

Ãð7 (d) (c) (b) (a)
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(Short Answer Type Questions) ¿�Z!*]ÆqïÎZÑ] (B)

SzV~ÉÀŸ/õGX 10 fsÆCÙÎZw»�Z[

0*ãÆgzZãqÝ¢[ÐH%ZŠì?ZkÅ7Hì? .1

ìX 2.37 ¥xÙTÅgzZ+M»Šgz pH Z$h45ë GGHF,Å̃ 0.005M Å°pÙX pH .2

Å°pÙX‘²wÅZdRöÆa¾§b»F,˜c*Z‚kZEw™**ec? (Buffer Capacity) ‘Rö .3

#ÅW[0*æÏÆŠgzÅ°pÙX6ð‹b~t¾§b»gWæì? .4

‘²wÐH%ZŠì?t¾§b»gKYD÷? .5

‘²wÆŠzZlxH÷?ZyÅVBŠØX .6

¥xÙX pH ²w» ÔZñ4;àgzW‚à 0.05M .7

i5+k,~Zzgi5+k,~»qÝ¢[Z˜jVÅ=ôÙX .8

(Long Answer Type Questions) îs�Z!*]ÆqïÎZÑ] (C)

SzV~ÉÀŸ/õGX 30 fsÆCÙÎZw»�Z[

fsÅ°pÙX .1

‘¿Å}+M (c) ‘Rö (b) ‘²wZzgZkÅS:] (a)

Z~.ÙX Henderson's equation Æa pH F,˜‘Å (a) .2

Å7¥xÙX pH Îe*Z$h43ï GHGHÃ5™‘²w»gHŠHXZkÅ 0.2M Z$h45ë GHGF,Z̃zg 0.01M (b)

#ÅW[0*æÏÔW[0*æÏ»ŠgzZzg#ÆZlxÒyÙZzgVBŠØX .3

Å)zZ]Z~.ÙX pH ÔW[0*æÏ»ŠgzZzg ÆaW[0*æÏ»x ¤!gF,Z̃zg$zgZ‚k# .4

i5+k,~Zzgi5+k,~»qÝ¢[ÅzŸs#ÙXÃðŠz#ÅVBŠ}™ZyÆŠgxyģZ~.ÙX (a) .5

ìXZkÅi5+k,~»qÝ¢[C[ÙX Åi5+k,~ i7-;àgzW‚à (b)

(Suggested Books for Further Readings) '×h+_¬Æa?m,™Š{ÂÁ 16.14

1. Principles of Physical Chemistry by Prutton and Marron

2. Essentials of Physyical Chemistry by Bahl and Tuli

3. Physical Chemistry Through Problems by S.K. Dogra

4. Text Book of Physical Chemistry by K.L. Kapoor

5. Text Book of Physical Chemistry by Puri and Sharma

6. Text Book of Physical Chemistry Soni and Dharmahra
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Maulana Azad National Urdu University

B.Sc 3rd Semester (Chemistry) Examination, ? - 2022

Paper - BSCH201CCT : Organic Chemistry II and Physical Chemistry I

I ZZZZzzzzgggg88886666DDDD II ********xxxxCCCC6666DDDD 6666,,,,pppp::::
Time : 3 hrs Marks : 70

8888~~~~îîîî LLLLOOOOZZZZÍÍÍÍwwww
1 : ÎZw

Zq-)A~]ÅZq-VwÉÀŸ/õGX (i)

Zq-Z,Z�ZŒÅVwÉÀŸ/õGT~)?À»g0�CÙñ�Š7ìX (ii)

~ñ�Š]»**xÉÀŸ/õGX DNA (iii)

Zq-ZŸ°7Ê-,çGÅVwÉÀŸ/õGX (iv)

~ÃyÏZŠJ]ZEwÅYCì? Vulcanization g',Æ (v)

îÂxÅ°pÒyÙX (vi)

~ģÆa)zZ]ÉÀŸ/õGX ∆E Zzg ∆H (vii)

k̂ÔâùZzg’~¾ÅZ´Z8ƒÐic*Š{ì? (viii)

6ðÂZiy¾§bÆÂx~eì? (ix)

ÅZ»ðÉÀŸ/õGX KC Æa (x)

8888~~~~îîîî LLLLOOOOŠŠŠŠÍÍÍÍxxxx
»g1;àgf$H÷?W[0*æÏÅãCŠ6,ZyÅŠgzÈ~ìVwÆÙX (i)

Å¯6,VwŠ}™ÙX -COOH Zzg Z�ZŒH÷?ZyÅŠgzÈ~ (ii)

7Ê-,çGH÷?ZyÅŠgzÈ~7Ê-,çG‚i~Å¯6,VwŠ}™ÙX (iii)

)zZ]ÃZ~.ÌÙX ∆E = Q + W wwH]»ªçÅ°pÒyÙZzg (iv)

)zZ]ÃZ~.ÙX ∆G = ∆H - T∆S (v)

~ģÃZ~.ÙX Zzg ç¿SÅ°pÒyÙXZq-I÷¬¾¬ïÆa (vi)

',t0*æ{H÷?$zgZzg¤!g',t0*æ{~�ÛtìVwÆÙX (vii)

‘²wH÷?ZyÆZlxÌÉÀŸ/õGXZŒu‘²wÅ}+MÃÌÒyÙX (viii)
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8888~~~~îîîî LLLLOOOO^̂̂̂ððððOOOOxxxx
qgzfsÅ°pìVwÆÙX (i)

ñN*gzŸÔZ#-,ç FGkÔZe%kÔA~]ZzgZz’óZà

Z�ZŒÅ6,ZÎ~ZzgR,Ñ~‚|#Ã{ā¯™ÒyÙX (ii)

!*-evi+.Þ7Ê-,çG6,âÉ̂ÀŸ/õGX (iii)

34ø XGçÅ°pÒyÙZzgZkÅZ:t6,ÌcÙX (iv)

Ñ¶DZßwÅ°pÒyÙZzgZkÅZ:tÃqgzfsVwÅæŠÐÒyÙX (v)

////////////
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(Lab Manual)
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17 Z»ð
Æfg=Šb‰ (Thin Layer Chromatography) ¡µßyóg~ ●

(Glucose & Fructose) ~‰ÃiZzg�ÛÍi (Monosaccharides) ñâóZ!

™**X (Report) ÃŠg` (Value) Šg Å´uÏZzgÙ|#ZzgQyÅ
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Æ(Thin Layer Chromatography) X¡µßyóg~ 17 Z»ð

~‰ÃiZzg�ÛÍi (Monosaccharides) fg=Šb‰ñâóZ!

(Value) Šg Rf Å´uÏZzgÙ|#ZzgQyÅ (Glucose & Fructose)

™**X (Report) ÃŠg`
[Separation and identification of the monosaccharides present in the given mixture

(glucose & fructose) by thin layer chromatography. Reporting the Rf values]

(Aim) Ñ
Æfg=ñâ (Thin Layer Chromatography) »ZëÑtìā¡µßyóg~ (Experiment) ZkŠ/

ŠgÃ¥x™**ìX  Rf Ã́u{™**ZzgZyÅ (Glucose & Fructose) ~‰ÃiZzg�ÛÍi (Monosaccharides) óZ!

Z¾Zn
Zq-]‘§8gñ~§T»gìXTÆfg=Z (Thin Layer Chromatography) ¡µßyóg~

W‚yZzg¢¿ (Low Cost)l(TLC) Y@*ìXt§T»g (Identified) ™ÆT** (Separate) %·]Ã´u{
5+k,ƒäzZÑ¿ì�āÁlZgzZáFÆ%·]Ã´u{™Æ%“ÃZÐZŠ~îg6,T+~çzyƒ@*ìZkŠ/»

ŠgÅ7ÃŠg`™**ìX  Rf ÑŠb‰‰ÃiZzg�ÛÍiÅ

(Apparatus) WÑ]
(Plates) Åƒð†kÅ² Coat Æ¬„ Dry Silica Gel Å 0.25 mm .1

Úƒ~X (3 : 3.5 : 0.5) �ā³gzÃgxÔZ·ZŒZzg0*ã6,Œƒ@*ìX Solvent System .2

Z-y6,Œ 100 ml aniline ml ZzgZq- diphenylamine Zq-¤/Zx agentt :::: Spraying Agent .3

ÆÚƒÐ5ñYD (10 : 1 V/V) ÆOrthophosphoric acid 85% ƒ@*ìXZkF~ZEwÐ¬

÷X
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(Solution) ‰ÃiZzg�ÛÍi»F .4

(Reference Samples) ‰ÃiZzg�ÛÍiÆZÐZŠ~²w .5

(Procedures) §T»g
²ßVÅ»g~X Sample ª%³:

0*ã~i™Æ²w»g™�X ¤/ZxÃ 0.2 - 0.5 ‰ÃiZzg�ÛÍiÆ .1

~( Test Tube Æ²ßV»F»g™,X)´u{ Sugars ‰ÃiZzg�ÛÍiÆ²wÃ5™ .2

HY@*ìXZq-Y+$‰ÃiÃZzgŠzu~Y+$�ÛÍiÃZzg Apply Ã Sample 6,Precoated Plate Å TLC

ŠgxyŠzâVÆFÃg3Y@*ìX
~TLC Chamber HY@*ìZkÆˆ (Dried) 4J-ƒZ~È 30 Ã TLC Plate ZkÆˆ

Solvent ÃZÏ~g3Y@*ìXZkÆˆ TLC Plate Ã½ZY@*ìXZkÆˆ Solvent System ~TLC

4Šg»g 90 J-(,"Šc*YñX¬xîg6,ZkÆa 12.5 cm ~Ascending Order ÃZz6,ÅY+$ System

ƒD÷X

ÃƒZ~È TLC Plate Æ!*CÙïw1Y@*ìXZkÆˆ TLC Chamber Ã TLC Plate ZkÆˆ

Developed~Solvent System ÃŠz!*g{QÏ TLC Plate 4ÆagÄŠc*Y@*ìXZkÆˆ 30 ƒäÆa

HY@*ìX MoveJ- 12.5cm Ã Solvent HY@*ìZzg
4J-ÈHY@*ìX 30 ÃŠz!*g{ƒZ~ TLC Plate 4Šg»gƒD÷XZkÆˆ 45 ZkÆa¬xîg6,

Telling ÅÃð Sugars ´uÏ»¿åƒÇZzg Seperation ™äÐ Run Ã TLC ZÏ§bŠz%û

HY@*ìZzǵ DavelopÃ SpotÆTLC Æfg) Spraying Agent 6,TLC 7qÝƒÏXZkÆˆ

ÃŠg`HY@*ìX Value Rf Å Spot
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(Conclution) ³
Å7ÃC[HYYìXZÏ§bZz6,Æ Rf Ð Chromatograph Å TLC Zz6,ÆŠ/ÆqÝ

HYYìX Identify §iÐ7‚ã‰ÃiZzg�ÛÍiÃ´u{™Æ

Zk§bZz6,ÆŠ/ÐøDfs}òZ~.KYMh÷X

cm. _____________ ‰Ãi»ð™Š{Ã, .1

cm. _____________ �ÛÍi»ð™Š{Ã, .2

cm. _____________ »ð™Š{Ã, Solvent .3

A$

Rf of Glucose   = _______________________

Rf of  Fructose = _______________________

********
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18 Z»ð
ïÜX (Saponification Value) l!c*%Æ%äÅ${54-ö

G

EG
E

Šg ●
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XŠgCl!c*%Å
${54-

ö

G

EG
E

Šg»‹t 18 Z»ð
(Estimation of Saponification Value of An Oil or Fat)

(Aim) Ñ
ïÜX (Saponification Value) l!c*%Æ%äÅ${54-ö

G

EG
E

Šg

(Theory) Ãt
Æ(,} (Carboxylic acid) Zzg¼ºm»g!*±hÓëZŒ (Glycerol) ÔeZw (Natural Fat) ŠgCl!

B@*ìX (Oil) ƒD÷XZy~Ðg±Ô% (ester) ÆZ7 (C12 - C18) MZy

(Saponification Value) l!c*%Å
${54-

ö

G

EG
E

Šg
~£/ "mg" Å (KOH) ™ä~7N*ô;àgzW‚à (Hydrolysis) LLZq-¤/Zxl!c*%Å0*æÏ

lZg
${54-

ö

G

EG
E

ŠgBCìXóó

(Natural Fat) ŠgCl! 7N*ô;àgzW‚à (Glycerol) eZw 7N*ôZgf$

ZkÐ%c*l!ÆZz‰‚@ziyc*ZyÆ»g0uÅMðªCÙƒCìX

(Apparatus) WÑ]
Ô6eÔ (Reflux Condensor) Zq-jÅ1LÞìẽ½èEc*W-e+#‹ÔŠzÍw©~Æ#‹Ôg¡Ó½ø

E

,ë
z){X (Pipette) Ô"543ï FGFF

H (Burette) Ôçgf$ (Stand) Zœ

(Chemicals Substances) 6ðZâY
²wX Phenolphthalein ñ8¨»;[+gz³guF,»̃£g~²wÔ 0.5M Ô(KOH) ZÈiÔ7N*ô;àgzW‚à
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%c*l!Å${54-ö
G

EG
E

ŠgïÜ:
(Procedure) §T»g

~5™Zq-jÅ1LÞc*W-e+#‹~ (ethanol) Z#-£45é G
G

G
Ew 250 ml 7N*ô;àgzW‚àÃ (7 gm) ‚]¤/Zx .1

˜wBXZk²wÃgZ]½ÆaeQ™gÄŠ,ÔQZ¤/ZÐ¢zg]ƒÂYyBX

ÆZq-Íw©~Æ 100 ml 99ziy™ÆZÐ 2 gm %c*l!TÅ${54è

G

EGEŠg¥x™ãìÔZkÃ½ã .2

#‹~eZBZzgziyÃŠg`™,X

»²w5BX (alc. KOH) Å"543ï FGFF
HÐ»g”{7N*ô;àgzW‚à 25 ml ZkÆẐk~Zq- .3

Ð�hŠ,Zzg (Reflux Condensor) Î™Zq-g¡Ó½ø

E

,ë (Grece) ˆZiWVZk#‹Æ)gzV6,¤/ö .4

ƒäŠ,ZzgZkz‰ÜJ-g¡Òhë E

(Reflux) Æag¡Ó½ø

E

(1.5 - 2 hrs) ZkÃ6e6,½ãel,|ÐŠz[RV

™,Z#J-ZkÅ˜wËs:ƒYñX

²wÆeZBX Phenolphthalein ZkÆẐÐQZƒäŠ,ZzgZk~Šz¢} .5

ñ8¨»;[+gz³guF,˜Æ£g~²wÐçgf$Ã¬Zh§bÐ”wBZzgQZkÃ;[+gz³gu 0.5 M .6

F,˜Æ£g~²wÐ7gZ½BX

ÆngÄ™ZkÃw•Šïƒñ¢{ (Beurette) ~Ñçgf$ (Stand) ZzgQÍw©~Æ#‹ÃZœ .7

¢{™Æ5NX

;[+gz³guF,Ã̃5**Zkz‰ÜJ-Yg~gOZ#J-²w»†!g8-7g~§bÐ¸T$:ƒYñX .8

XŠgZÝ% (a) 6,çgf$»wŠg`™, (End Point) T¢}6,²w»g8-xîg6,¸T$ƒYñÔZkb .9

Ô(Neutralization) c*l!~7N*ô;àgzW‚àÅCƒäÆÔ̂iZZ+7N*ô;àgzW‚àÅ®s

;[+gz³guF,˜ÐƒCìX
ÃZÈ7Óë7N*ô;àgzW‚àÅZâ„lZgÐ)"5é ELE%c*l!eZá( (Titration) Z[Z¤/èÃg{!*ÑN*ðR,c .10

BñÇX (Blank) ÔÂtå7N*ô;àgzW‚àÅ®s»wì�&Ó45ë EG
E (b) ŠCÙZNZzgçgf$»wŠg`™,

TÅgi+8-å¬Ðic*Š{ƒÏX

Zy»�Ût%äÅ0*æÏ~7N*ô;àgzW‚àÅCÃC@*ìX

(Calculations) (
${54-

ö

G

EG
E

ŠgÃqgzfsŸÆÐqÝHY@*ìX

˜VÔ
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X%c*l!»¤/Zx~1ziyìX W

Æ',Z',ìX 0.02805 gm KOH '(ml)' »Zq-B{ 0.5M HCl

(Result) ³
Šbƒñ%c*l!Æ%äÅ${54-ö

G

EG
E

Šg'''ìX

(Precautions) ZôïD+ZÛ
çgf$ÃZEwÐ¬0*ãÐÔQZÏ²wÐ�½**ì”wBX .1

#‹~g$¨Ó½ø
G
E

,ëÃ¤/öÆ‚BZh§bÎNX .2

g$¨Ó½ø
G
E

,ëÑ#‹Ã¼6,!*Ç¦JÀŠ~qª~ǵecX .3

™hecX #‹Ã¼6,gppÐ¬Ô¼ÅŠ .4

********
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19 Z»ð
_wÃg$ÓåHŒàgm,y)"5½5Õä EG

GV$(Å»g~ ●
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X_wÃg$ÓåHŒàgm,y)[V$(Å»g~ 19 Z»ð
Preparation of Phenol Formaldehyde Resin (Bakelite)

Z»ðÆZbZ

(Aim) Ñ

 Z¾Zn

qÝŠ/

(Chemical Apparatus) 6ðWÑ]þ

(Chemical Substances) 6ðZâY

(Principle) Zßw

(Chemical Reactions) 6ð¬5]

(Procedure) §T»g

(Report) g7g^
(Precautions) ZôïD+ZÛ

(Aim) Ñ
)[V$(Ã»g™**ìX (Phenol Formaldehyde Resin) Š/{:~_wÃg$ÓåHŒàgm,y

Z¾Zn
_wZzgÃg$ÓåHŒàÆ (PFR) (Phenol Formaldehyde Resin) Š/{:~_wÃg$ÓåHŒàgm,y

Baekeland ÐqÝƒäzZá0*Ê-,çG÷XZyÃƒÐ¬ (Condensation) ŠgxyÓÏ¬ïÅñ�ŠÏ~0

ìX Thermosetting Polymers »**xŠc*Xt Bakelite **òZ%O‚0ZVä»gHZzgZyÃ
Zzg**‡.ÞZEw (Hard Resin) 6,J (Heating) :Z,0*Ê-,çGk�ā¤/x™ä Thermosetting Polymers â^:

BD÷X Thermosetting Polymers ƒYD÷ó (Materials) %·]
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qÝŠ/
Å»g~ÆŠ"ÆZ!xJ-CYZk‡.Þ (Phenol Formaldehyde Resin) _wÃg$ÓåHŒàgm,y

ƒYNÐāz{0*Ê-,çGkÅ»g~Æ§hVÃ™ÃÐX

(Chemical Apparatus) 6ðWÑ]
(Glass Rod) hÅsc .1

(Beaker) kg{ .2

(Funnel) ° .3

(Measuring Cylinder) e›Z2Z: .4

(Dropper) egZ6, .5

(Filter Paper) Z~»½ .6

(Chemical Substances) 6ðZâY
(Glacial Acetic Acid) ',ÃãZ$k5ë GHZŒ .1

(40% Formaldehyde Solution) Ãg$ÓåHŒà»²w 40% .2

(Phenol) _w .3

%6ËguF,˜ .4

(Principle) Zßw
0*Ê-,çGqÝƒ@*ìX Bakelite _wZzgÃg$ÓåHŒàÆŠgxy%6ËguF,Å̃ñ�ŠÏ~¬ïƒ™

(Chemical Reactions) 6ð¬5]
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(Procedures) §T»g
40% Ô2.5 ml Zzg (Glacial Acetic Acid) Ô',ÃãZ_545ëG

H
GZŒ 5 ml Èkg{~ 500 ml Zq-

%6ËguF,˜(,~„ (ml) ¤/Zx_w÷áï™,XZkÆẐkWö{~¼B{ 2 Ãg$ÓåHŒà»²w³ZzgZk~
»gƒYñÇXZk§bqÝ (Mass of Plastic) 4ÆZ0+gZq-Šk,lZg~ö8âœ{ 5 ZôoÐ÷áï™,X

Y�XQqÝƒäzZá (Washed) 0*ãÐŠðc* (Distilled Water) c*!*ª]ÃF%û>™Š{0*ã Residue ƒä
Î�X (Calculate) aZzZgÅlZg»ˆ[ (Yield) ÃÈ™ÆZkÅ (Product) %“

(Report) g7ĝ
¤/ZxX ____________ qÝƒäzZá_wÃg$ÓåHŒàgm,yÅlZg .1

(Precautions) ZôïD+ZÛ
Šzg~6,g÷YVāt¬ï»°! (Distance) Ð¼Ã, (Beaker) %6ËguF,Ã̃÷áï™Dz‰Ükg{ .1

ƒ@*ìZzg¬ïÆåƒäJ-kg{ÐŠzggcX (Vigorous)

~Z�xŠ,X Fume Cupboard ÃƒnÂZq- (Experiment) ZkŠ/ .2
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20 Z»ð
-gc*Ãg$ÓåHŒàgm,yÅ»g~X ●
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X-gc*Ãg$ÓåHŒàgm,yÅ»g~ 20 Z»ð
(Preparation of Urea - Formaldehyde Resin)

Z»ðÆZbZ

(Aim) Ñ

 Z¾Zn

qÝŠ/

(Chemical Apparatus) 6ðWÑ]þ

(Chemical Substances) 6ðZâY

(Principle) Zßw

(Chemical Reactions) 6ð¬5]

(Procedure) §T»g

(Report) g7g^
(Precautions) ZôïD+ZÛ

(Aim) Ñ
Š/{:~-gc*Ãg$ÓåHŒàgm,yÃ»g™**X

Z¾Zn
Neutral or Acidic Conditions -gc*Ãg$ÓåHŒàgm,yÃ-gc*ZzgÃgâ®ŒàÆ‚B®~c*F,Ùqª

Æ¿Ð»g™**X Condensation ~0

tgm,yÔËsZzgCƒ@*ìX .1

Ã'×ZØ™@*ìZzggzÝ~Z/#Ög‚rìX (Grease) tgm,yic*Š{F,²ßVZzg¤/ö .2

g‚rìX (Adhesive Characterstics) tgm,yZhGÅRö .3

(Chemical Æîg6,»x™@*ìZzg4+6ð'×ZØ (Electrical Insulator) tgm,y',¹)ñÝ .4
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g‚rìX Resistance)

Zkgm,yÃËÌg8-~ZkÅ»g~ÆŠzgZyñizVg8-5äÐ»gHY@*ìX .5

Zzg (House Appliances) ÔywZâY (Caps) ÔIkV (Buttons) -gc*ÔÃgâ®Œàgm,y»ZEwÔÅ (a)

z){Å»g~~ƒ@*ìX Surgical Items

Æîg6,ZEwHY@*ìX Adhesive~Plywood Industry ZkÃ (b)

Å»g~ÆaZEwHY@*ìX Surface Coatings ZzgŠzu~ Enamils ZkÃ (c)

ÆaZEwHY@*ìX Finishing~Cotton Textiles ZkÃ (d)

qÝŠ/
-gc*Ãgâ®ŒàÅ»g~ÆŠ/ÆZ!x6,¤̈DZk‡.ÞƒYNÐāz{Zk0*Ê-,çGÅ»g~Æ§iÃÌ™

nÇX

(Chemical Apparatus) 6ðWÑ]
(Glass Rod) hÅsc .1

(Beaker) kg{ .2

(Funnel) ° .3

(Measuring Cylinder) e›Z2Z: .4

(Filter Paper) Z~»½ .5

(Chemical Substances) 6ðZâY
(40% Formaldehyde Solution) Ãgâ®Œà»²w 40% .1

(Urea) -gc* .2

(Sulfuric Acid) ËguF,˜ .3

(Distilled Water) >”{0*ã .4

(Principle) Zßw
-gc*ZzgÃgâ®ŒàÔËguF,Å̃ñ�ŠÏ~¬ï™Æ-gc*Ãgâ®Œàgm,y¯D÷X
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(Chemical Reactions) 6ð¬5]

(Procedures) §T»g
¤/Zx-gc* 2.5 Ãgâ®Œà»²wáBXZk~ 40% B{ 5~(100 ml Beaker) B{kg{ 100 Zq-

Ã÷áï™,ZzgZkÆˆÎ@*ghÅscÐhDg÷Xt¿Zkz‰ÜJ-Yg~gOZ#J-ā§”{²w
Zq- qÝƒYñXZkÆẐk§”{²w~P¢}ËguF,˜Æ÷áï™Æh�X : (Saturated Solution)

ÃC[™,X yield kÅ ƒÇXZkĈkâŠ{Ã0*ãÐŠð™Z~»½6,2BXZkÆẐ ªCÙ (mass) Cg8-»̂k

(Report) g7ĝ
¤/ZxX __________ qÝƒäzZá-gc*Ãgâ®Œàgm,yÅlZg

(Precautions) ZôïD+ZÛ
ËguF,Ã̃¢{/¢{5NZzgZkŠzgZy²wÃxhDg÷X .1

kg{~qÝƒäzZáCâŠ{Ã̄gU„!*CÙïwBYVātkg{6,òY@*ìZzgQïÜÂƒY@*ìX .2

270



Y@*gìX (Stirr) ÃÚhc* (Reaction Mixture) Zk¬ïWö{ .3

ƒYCìZ#ËguF,Ã̃÷áïHY@*ìXZkakg{Ð (Vigorous) ‰Zz‡]t¬ï¹„ic*Š{! .4

Šzg~6,gcX
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21 Z»ð
úg~¢aÅwZg]ÅRöÅfX ●
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Xúg~¢aÅwZg]ÅRöÅf 21 Z»ð
(Determination of Heat Capacity of a Calorimeter )

Z»ðÆZbZ

(Aim) Ñ

(Apparatus) WÑ]  

(Principle) Zßw

(Procedure) §T»g

(Graph) ¤/Zs
(Calculations) ˆ!*]

(Observation Table) x@ZC].zw

(Aim) Ñ
úg~¢aÅwZg]ÅRöÅf™**X

(Apparatus) WÑ]
(Calorimeter) wZg~e .1

(Glass Stirrer) †kÅhäzZàsc .2

(Stop Watch) Z6\zZa .3

(Beaker) kg{c*Ù .4

(Measuring Cylinder) eöZ2Z: .5

(Distilled Water) >{0*ã .6

(Principle) Zßw
ŠÆZŸ†6,úg~ Ð%ZŠwZg]Åz{lZgì�ā (Heat Capacity) úg~¢aÅwZg]ÅRö

ƒCìX (Absorbed) ¢a~_.[
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˜V6,Ô

wZg]Åz{lZg�āqÝƒCìc*{g`ƒCìX (heat)Å (Substance) Ë%“ = Q

(gained or lost)

(Temperature Difference) Š»�Ût = ∆t

(Heat Capacity of Calorimeter) úg~¢aÅwZg]ÅRö Ms = W

wZg]Åp~Æ¿~úg~¢aÌ¼uJ- (Heat Exchange) ÅeöÌ¢zg~ƒCìYVā W

ƒCì¬ïÅzzÐZk»Ìˆ[1Y**ecX (Evolved) wZg]Å¼lZg�ā{g`

˜V6,Ô

(Temperature) ÅŠ (Hot water) ¤/x0*ã

(Temperature) ÅŠ (Cold water) Q}0*ã

(Temperature) ÅŠ (Mixed water) 5ƒZ0*ã
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(Procedures) §T»g
Rubber Stopper B{QZ>0*ãBX 100 ÐÑƒñúg~¢a Rubber Stopper ŠzÎgZczZá

4 ¦™,XZkÆˆCÙWŠñ46,0*ãÅŠ Stirrer ZzgŠzu}ÎgZc~ (Thermometer) ÆZq-ÎgZc~Še
4J-â™̂,X

Æfg=á™CÙ Pipitte ¤/x0*ãÃ 100 ml ¤/x™,XZk~Ð Zq-kg{~0*ãá™ZkÃ

100 ml Ãâ^™,XQ¢~ÐZk¤/x0*ãÃúg~¢a~ñ�Š (Temperature) WŠñ46,eg4J-ZkÅŠ
Q}0*ã~eZwŠ,XZkÆẐÏF0*ãÅŠÃCÙWŠñ46,eg4J-â^™,X

Observation Table  x@ZC].zw
Sr.

No.

Room Temp. Water Hot Water Mixture

Hot + Normal

Time (min) Temp (oC) Time (min) Temp (oC) Time (min) Temp (oC)

1

2

3

4

5

6

7

8
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(Graph) ¤/Zs
X(Plot) 6,z‰ÜÃŠg`™Æ¤/ZsQ X-axis 6,ŠZzg Y-axis

(Calculation) ˆ!*]

The heat capacity

of the calorimeter
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22 Z»ð
Îe*;àgzW‚àÆ‚B;àgz³guZŒÅwZg‹®~Åf ●

277



XÎe*;àgzW‚àÆ‚B;àgz³guZŒÅ 22 Z»ð

wZg‹®~Åf
(Determination of Heat of Neutralization of Hydrochloric Acid with Sodium Hydroxide)

Z»ðÆZbZ

(Aim) Ñ

(Apparatus) WÑ]

(Principle) Zßw

(Procedure) §T»g

(Graph) ¤/Zs
(Result)³

(Aim) Ñ
Åf™**X (Heat) ZkŠ/~Îe*;àgzW‚àÅ;àgz³guF,˜Æ‚B®~Æ¿ÅwZg]

(Apparatus) WÑ]
(Calorimeter) úg~¢a .1

(Glass Stirrer) »õÅhäzZàsc .2

(Stop Watch) Z6\zZa .3

(Beaker) kg{c*Ù .4

Îe*;àgzW‚à»²w 0.5 N .5

;àgz³guZŒ»²w 0.5 N .6

(Principle) Zßw
ZŒ)c* (Gram Equivalent) Åz{lZgì�āZq-¤/ZxçŠw (Heat of Neutralization) wZg‹®~

™äÆŠzgZy{g` (Neutralized) Ã"ZW,®s (Gram Equivalent) Z‚k(ÅZq-¤/ZxçŠw)F,Ã̃c*ZŒ(
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~z̧q5+k,ƒ@*ìX (Dilute Solutions) ƒCìt¿xŠ~−ñ²ßV (Evolved)

ZzgZyÅ»g~Å®ZŠZq-¤/ZxçŠwÃðÌ%6F,˜c*%6 Zzg %6F,ØVZzg%6Z‚ÎVÅßg]~
(Strong Base) Zzg¤!gZ‚k HCl‰Strong Acid ƒCìXZkaËÌ (Same)V ‚kÅqª~å7 Z

ƒCìX (Same) å7V Enthalpy of Neutralization ∆∆∆∆H Å NaOH‰

Ãåîg6,¤!gZ‚kÆ−ñ²w~¬ï (Known Concentration) ÅHg{lZg HCl Solution

™Zc*Y@*ìXZkÆŠ̂c*wZg]~ZŸ†Ãâ^HY@*ìXZkÆú̂g~¢aÅwZg]ÅRöÔF,ÚZzgZ‚kÅ

ÃY…ƒñ)�ā¬Ð¥xƒC (Specific Heats in Dilute Solution) ZzgZkÅâ¦wZg] (Mass)S

HYYìX (Calculate) ÃC[ (Heat of Neutralization) ì(Æfg=wZg‹®s
Heat given off

by the reaction
 = Heat Gained by the Calorimeter + Heat Gained by the Solution

  Specific Heat of Water = Specific Heat of Acid = Specific Heat of Base = S

Where,  S = 4.185 J/oC

˜V6,Ô

(Volume) a‰F,Ú»w

(Volume) a‰Z‚k»w

(Heat Capacity) úg~¢aÅwZg]èRö

279



(Procedures) §T»g
Æfg=á™úg~¢a (Pipette) lZg**‚ 50ml ;àgz³guF,Å̃ 0.5 N úg~¢aÃ™s™ÆZk~

»²w HCl Ã0*õ4J-â^™,XZkÆú̂g~¢aÆ Reading ~v™,XZkÆˆCÙWŠñ46,ŠÅ
ÔÎe*;àgzW‚à»²w**>Æfg)úg~¢a~v 0.5N 50 ml ïw™ZkÃZh§bÐ™s™BXQZk~

²w NaOH Æ²wÅŠÃ0*õ4J-â^™,XZkÆú̂g~¢a~ñ�Š NaOH ™,ZzgQCÙWŠñ4Ô6,

»²w5ñZzgQCÙWŠñ46,0*õ4J-ŠÃâ™̂,X HCl~
Observation Table  x@ZC].zw

Temperature time-data for acid, base and for mixture.
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(Graph) ¤/Zs
eZBX Plot Ãá™¤/ZsÃ Time6,X-axis 6,ŠZzg Y-axis Ãá™ Recorded Values Zz6,â^K‰c*

(Calculation) ˆ!*]

˜V6,Ô

Heat Capacity úg~¢aÅwZg‹Rö

Temperature of Acid F,ÚÅŠ

Temperature of Base Z‚kÅŠ

Temperature of Mixed Solution $½håH²ßVÅŠ (HCl + NaOH)

281



Volume of HCl = 50 ml = »w

Volume of Base = 50 ml = »w

â¦wZg] = S

(Result) ³
ìX J/mole ____________ (Heat of Neutralization) Æ‚BwZg‹®s NaOHÅ HCl
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23 Z»ð
ÅeöX pH eÆZEwÆfg)Z²ßVZzg™0z){Æ pH ●
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Aerated eÆZEwÆfg)Z²ßV‰ā pH X23 Z»ð

Åeö pH Zzg™0z){Æ Shampoos ÔFruit JuicesÔDrinks
(Measurement of pH of Different Solutions Like Aerated Drinks, Fruit Juices, Shampoos 

and Soaps using pH-meter)

Z»ðÆZbZ

(Aim) Ñ

(Apparatus) WÑ]

qÝŠ/

(Chemical Substances) 6ðZâY

(Principle) Zßw

(Procedure) §T»g

(Result)³

(Aim) Ñ
Å pH Zzg™0Å Shampoos ÔFruit Juices ÔAerated Drinks eÆfg)Šb‰²ßV‰ pH

eö™**X

(Apparatus) WÑ]
(pH Meter) epH .1

(Combined Glass Electrodes) œā†kZ¼ze .2

(100 ml Beaker) »kg{ 100 ml .3

(Measuring Cylinder) e›Z2Z: .4

(Chemical Substances) 6ðZâY
(Standard Buffer Solutions) Æ£g~‘²w pH 9 Zzg pH 4
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(Sample Solution) %:²w
Zzg™0Æ²wX Shampoos ÔFruit Juices ÔAerated Drinks

(Principle) Zßw
ZzgZy ”]Ã²wÅqª~ªCÙ™**ìXt²w~ (Intensity)Å Base c*Acid Ð%ZŠËÌ pH

Ã**L»¿ìX Activity

(Procedures) §T»g
kgzVÃF!*g>{ 100 ml ™,XZkÆˆeg Calibrate ¢aÃ pH Æ‘²wÆfg) pH 9 Zzg pH 4

(Rinse) Ð=BX Distilled Water 0*ã
DATA SHEET

(Observation Table)

Sr. No. Sample Solution pH

BX 30ml (Test Solution) egzV™sKƒñkgzV~CÙZq-~qgzfs~ÐÃðZq-²wYõ

1. Aerated Drinks

2. Fresh Fruit Juices

3. Shampoo

4. Soap Solution
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™zZzgZk DipÃ (Combined Glass Electrode) ÃZk~x†kZ¼ze Test Sample Z[ÃðÌ

â^™Æ].zw~Šg`™}X pH ¥x™Æâ^™ßXZk§bCÙ²w» pH ²w»

(Result) ³
ìX _________________ pH » Aerated Drinks Šb‰ .1

ìX _________________ Aerated Drink Šc*ŠH

ìX _________________ pH Šb‰�Ûz^�k» .2

ìX _________________ pH » Shampoo Šb‰ .3

ìX _________________ pH Šb‰™0Æ²w» .4

ìX _________________ Šc*ŠH™0»²w
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24 Z»ð
eðç],{Æfg= pH ÆŠgxy NaOH Zzg¤!gZ‚k HCl ¤!gF,˜ ●

ZyÆZg‚iÅf
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Æfg) (pH Metric Titration) \wç],{ pH X24 Z»ð

Æ‚B Strong Base (NaOH) Stong Acid (HCl)

Åf (Strength) Æfg)QyÅ¤‰Ü Titration
[Determination of Strength of Strong Acid (HCl) by pH Metric Titration with

Strong Base (NaOH)]

Z»ðÆZbZ

(Aim) Ñ

(Apparatus) WÑ]

(Chemical Substances) 6ðZâY

(Principle) Zßw

(Procedure) §T»g

(Graph) ¤/Zs
(Result)³

(Aim) Ñ
Æfg)¥x™**X Titration Æ²wÆ‚B NaOHÃ Strength Æ**¥x²wÅ HCl ¢aÆfg) pH

(Apparatus) WÑ]
(pH Meter) epH .1

(Combined Glass Electrode) œā†kZ¼ze .2

(100 ml Beaker) »kg{c*Ù 100 ml .3

[Burette (50 ml)] (50 ml) ø’ .4

(Pipette) **… .5

(Stirrer) Z7k,)hã( .6
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(Chemical Substances) 6ðZâY
»( pH 9 Zzg pH 4) (Standard Buffer Solution) £g~‘»²w .1

»( 0.1 M.NaOH) (Standard Alkali Solution) £g~Z‚k»²w .2

(Principle) Zßw
ÆŠzgZyZ#ZŒ~Z‚k Titration Æ‚B (Strong Base) Å¤!gZ‚k (Strong Acid) ¤!gF,˜

Ð¬ï™Æ0*ã¯@*ìX ZzgZyZŒÆ HY@*ìÂZ‚k» (add) Ã÷áï

~pH ZŒ~�ÖÑÇZzg²wÆ (Concentration) gzZV»Zg‚i ZkÆË~

ZŸ†ƒÇX

c*)z~`6,t!~Ð Equivalent Point ~W×W×ZŸ†ƒ@*ìZzgQ pH Zk¬ï~Z’ZY~
(NaOH gzZVÆZg‚i~!~Ð¶zZµƒCì�ā‚k²w $+%4ìXZkÅzzÐ (Rapidly)

Æ(End Point) ÆZ` pH Ð¶ƒCìXZÏ§b (Renoval) gzZVÆ±0 ÆxZŸ†Ð Solution)

(Volume of Alkali ÆÜsZ‚kÅZŸ°lZg pH ƒCìXZk§bZ# (Slowly) Ẑk~p~¹„W×

qÝƒ@*ìX Equivalence Point »)z~` Titration 1Y@*ìÂ… Plot»Added)

(Procedures) §T»g
10 ml kg{~BXZk~ 100 ml Æfg=Zq-™s (Pipette)( lZgÃ**‚ 10 ml ²wÅ HCl Šb‰

(dip) Ãez1 (Combined Glass Electrode) ™,XZkZŒÆ²w~œā†kZ¼ze (add) >{0*ãÃ÷áï
Š,X (Connect) ¢aÐ�h pH ™ZkÃ

Aliqurts Ð½Š,ZzgQZq-B{ 0.1 N NaOH SolutionÃ (Burette) ZkÆˆçgf$c*ø’

Ãâ^™äÐ pH â^™,XCÙ!*g²wÆ pH ™Æ²wÃhNZzgQ²w» (Add) lZg~ZŒÆ²w~÷áï
™,X (Determine) »ç (End Point) Ðî` (Titration) ™BXCÙç],{ Calibrate ¢aÃ pH¬

lZg~÷áï™, 0.1 - 0.2 ml ²wÃ NaOH ÃŠzCÙZNZzgZk~ Titration ZkÆˆ (Rough Titration)

Å7Ãâ^™BXZÏ§bçŠà` pH qÝ:ƒYñZzg (Equivalent Point) Z#J-āçŠà`

BX Reading (Several) Å(F beyond )çŠà`Æˆ (Equivalent Point)
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(Observation) x@{

S. No. Volume of

NaOH

Solution Added

pH ∆pH ∆V

(Graph) ¤/Zs
Plot Æ²w»wá™**gï¤/ZsÃ%¿HYñZzgŠzu}¤/ZsÆ NaOH 6,X-axis Zzg pH 6,Y-axis

XZk§b¤/ZsÆ (Differential Graph) 6,ZÅ¹Ðö»w1Y@*ìX X-axis Å7Zzg 6,Y-axis~

Ã÷áïHY@*ì¤/ZsÆfg=X Equivalance Point fg))z~`
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Graph (pH vs Volume of NaOH)

»¤/Zs pH ÆwÆ£.Þ NaOH

Differential Graph

¤/Zs Differential » ÆwÆÜs NaOH

(Report) g7ĝ
(Calculations) ˆ!*]

˜V6,Ô

Å**gâp= HCl

= »w HCl
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Å**gâp= NaOH

»w= NaOH

Å**gây= HCl =

(Result) ³
ìX ______________ Equivalance Point »çŠà` Titration Æ£.Þç], NaOH» HCl

ìX N ________________ Concentration ²w»Zg‚i HCl Zk§b
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ñÑ**WiZŠDQgŠz-Eg;

!XZöÏ)ŠZ
d-.n.ç GH(

2�w

%:ZJã6,p
II Zzg86D III **xC6D

Marks : 35 Time : 3 Hours

_wÔÃgïZ®Œà»ZEw™Æ"5½5Õä EG
GV$Ã¯�XZkÆ§T¿Ã)zZ]Æ‚BÒyÙZzgqÝlZgÅSÃÌ .1

(10) ¤/Zx~Šg`ÙX

c*

-gc*ÃgïZ®Œà»ZEw™Æ-gc*ÃgïZ®Œàgm,yÃ¯�XZkÆ§T¿ÃÒyÙZzgZkÐ0)zZ]Ì .2

(10)
ÉÀŸ/

õGZzgqÝlZgÅSÃÌ¤/Zx~Šg`ÙX

úg~¢a»ZEw™ÆÎe*;àgzW‚àÆ‚B;àgz³guZŒÅwZg]®sÅfÙZzgZkÅ7ÃÌŠg` .3

(15) ÙX

i!*ãZJy

gkgeÃb

///
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