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 پیغام

۔ کے چار نکاتی مینڈیٹس یہ ہیں سقائم کی گئی ۔امیں وطنِ عزیز کی پارلیمنٹ کے ایکٹ کے تحت  1776مولانا آزاد نیشنل ارُدو یونیورسٹی 

(روایتی اور فاصلاتی تدریس سے تعلیم کی فراہمی 2(اردو میڈیم میں پیشہ ورانہ اور تکنیکی تعلیم کی فراہمی)3(اردو زبان کی ترویج و ترقی)1)

دیگر مرکزی جامعات سے منفرداور ممتازبناتے ہیں۔ ہیں جو اسِ مرکزی یونیورسٹی کو  ت(تعلیم نسواں پر خصوصی توجہ۔ یہ وہ بنیادی نکا2اور)

 میں بھی مادری اور علاقائی زبانوں میں تعلیم کی فراہمی پر کافی زور دیا گیا ہے۔ 3232قومی تعلیمی پالیسی 

سے ارُدو  ارُدو کے ذریعے علوم کو فروغ دینے کاواحد مقصد و منشا اُردو داں طبقے تک عصری علوم کو پہنچانا ہے۔ ایک طویل عرصے 

کادامن علمی مواد سے لگ بھگ خالی رہا ہے۔ کسی بھی کتب خانے یا کتب فروش کی الماریوں کا سرسری جائزہ اس بات کی تصدیق کردیتا ہے کہ 

ب اصناػ تک محدود رہ گئی ہے۔ یہی کیفیت اکثررسائل و اخبارات میں دیکھنے کو ملتی ہے۔اردو میں دستیا‘‘ ادبی’’ارُدو زبان سمٹ کر چند 

 

م

ی اور فکری تحریریں قاری کو کبھی عشق و محبت کی پُر پیچ راہوں کی سیر کراتی ہیں تو کبھی جذباتیت سے پُر سیاسی مسائل میں الُجھاتی ہیں، کبھی 

سلک

ج د دورضر ک کے اہم پس منظر میں مذاہب کی توضیح کرتی ہیں تو کبھی شکوہ و شکایت سے ذہن کو گراں بار کرتی ہیں۔ تاہم ارُدو قاری اور ارُدو سما

کے ترین علمی موضوعات سے نابلد ہیں۔ چاہے یہ خود ان  کی صحت و بقا سےمتعلق ہوں یا معاشی اور تجارتی نظام سے،یا مشینی آلات ہوں یا ان 

تئیں ایک عدم عوامی سطح پر انِ شعبہ جات سےمتعلق اردو میں مواد کی عدم دستیابی نے عصری علوم کے ، گرد و پیش ماحول کے مسائل ہوں

ہیں جن سے ارُدو یونیورسٹی کو نبرد آزما ہونا ہے۔ نصابی مواد کی صورت  (Challengesدلچسپی کی فضا پیدا کردی ہے ۔یہی وہ مبارزات )

چوں کہ ضرل بھی کچھ مختلف نہیں ہے۔ اسِکولی سطح پر اُردو کتب کی عدم دستیابی کے چرچے ہر تعلیمی سال کے شروع میں زیر بحث آتے ہیں۔ 

علوم کے لیے  ارُدو یونیورسٹی کا ذریعہ تعلیم  ارُدو ہے اور اس میں  عصری علوم کے تقریباً سبھی اہم شعبہ جات کے کورسز موجود ہیں لہٰذا انِ تمام

فاصلاتی تعلیم  داری ہے۔انہیں مقاصد کے حصول  کے لیے اردو یونیورسٹی کا آغاز نصابی کتابوں کی تیاری اسِ یونیورسٹی کی اہم ترین ذمہ

 میں ہوا تھا۔ 1776سے

مجھے اسِ بات کی بے حد خوشی ہے کہ اس کے ذمہ داران بشمول اساتذہ کرام کی انتھک محنت اور ماہرین علم کے بھرپور تعاون کی بنا 

اکتسابی مواد اور خود  پر کتب کی اشاعت کا سلسلہ بڑےپیمانے پر شروع ہوگیا ہے۔فاصلاتی تعلیم کے طلباء کے لیے کم سے کم وقت میں خود

پہلے سمسٹر کی کتب شائع ہو کر طلباء و طالبات تک پہنچ چکی ہیں ۔دوسرے سمسٹر کی کتابیں بھی اکتسابی کتب کی اشاعت کا کام عمل میں آگیا ہے۔

ِ  جلد طلباء تک پہنچیں گی س یونیورسٹی کے وجود اور ۔مجھے یقین ہے کہ اس سے ہم ایک بڑی اردو آبادی کی  کوریات کو پورا کرسکیں گے اور  ا

 اسِ میں اپنی موجودگی کا حق ادا کرسکیں گے۔

 پروفیسرسید عین الحسن

 وائس چانسلر



 
 

 پیغام

 سے بڑی فاصلاتی طریقۂ  تعلیم پوری دنیا میں ایک انتہائی کارگر اور مفید طریقۂ تعلیم کی حیثیت سے تسلیم کیا جاچکا ہے اور اس طریقۂ تعلیم

ہورہے ہیں ۔ مولانا آزاد نیشنل اُردو یونیورسٹی نے بھی اپنے قیام کے ابتدائی دنوں ہی سے اردو آبادی کی تعلیمی صورت ضرل کو  مستفیدتعداد میں لوگ 

  1776محسوس کرتے ہوئے اسِ طرزِ تعلیم کو اختیار کیا ۔ مولانا آزاد نیشنل اردو یونیورسٹی کا آغاز

سل

 

ت

 ڈوِیژن سے میں نظامتِ فاصلاتی تعلیم اور ٹرا

 

ن

 

سس
ی

عد د روایتی تدریس کے شعبہ جات قائم کیے گئے ۔ نو قائم کردہ شعبہ 3222ہوا اوراس کے بعد 

 

مت
میں باقاعدہ روایتی طرز تعلیم کا آغاز ہوا اور بعد ازاں

 ڈوِیژن میں تقرریاں عمل میں آئیں۔ اس وقت کے ارباب مِجازکے بھر پور تعاون سے مناسب تعدا

 

ن

 

سس
سلی

 

ت

د میں خود مطالعاتی مواد تحریر و جات اور ٹرا

 ترجمے کے ذریعے تیار کرائے گئے۔

 تعلیم کے نصابات اور نظامات کو UGC-DEB گز شتہ کئی برسوں سے یو جی سی۔ ڈی ای بی
ِ
اس بات پر زور دیتارہا ہے کہ فاصلاتی نظام

صلاتی تعلیم کے طلبا کے معیار کو بلند کیاجائے۔ چوں کہ مولانا آزاد نیشنل روایتی نظام تِعلیم کے نصابات اور نظامات سے کما حقہ ہم آہنگ کر کے نظامتِ فا

کے مطابق اردو یونیورسٹی فاصلاتی اور روایتی طرزِ تعلیم کی جامعہ ہے ،لہٰذا اس مقصد کے حصول کے لیے یوجی سی ۔ڈی ای بی کے رہنمایانہ اصولوں 

 تعلیم کے نصا
ِ
از سرِ نوبالترتیب یو جی اور پی جی طلبا کے SLMبات کو ہم آہنگ اور معیار بلند کر کے خود اکتسابی موادنظامتِ فاصلاتی تعلیم اور روایتی نظام

 لیے چھ بلاک چوبیس اکائیوں اور چار بلاک سولہ اکائیوں پر مشتمل نئے طرز کی ساخت پرتیار کرائے جارہے ہیں۔

 کورسز پر مشتمل  پند ہ کرہ کورسز ہا رہا ہے ۔ جلد جلد تکنیکی پر  پر مبنی ڈپلوما اور سر  ٹیفکیٹ‘بی ایڈ‘پی جی‘نظامت ِ فاصلاتی تعلیم یوجی

علاقائی مراکزبنگلورو، بھوپال، دربھنگہ، دہلی، کولکاتا، ممبئی، پٹنہ، رانچی اور سری نگراور 7کورسزبھی شروع کیے جائیں گے۔ متعلمین کی سہولت کے لیے

م امدادی  133ں ، نوح اور امراوتی کاایک جلد بڑا نیٹ ورک تیار کیا ہے ۔ان مراکز کے تحت سرِ دستذیلی علاقائی مراکزحیدرآباد، لکھنؤ، جمو3

عل

 

مت

کام کر رہے ہیں، جو طلبا کو تعلیمی اور انتظامی مدد فراہم کرتے ہیں۔نظامت فاصلاتی تعلیم نے اپنی تعلیمی  (Learner Support Centres)  مراکز

 سی ٹی کا استعمال شروع کردیا ہے،نیز اپنے تمام پروگراموں میں داخلے صرػ آن لائن طریقے ہی سے دے رہا ہے۔ اور انتظامی سرگرمیوں میں آئی

 نظامتِ فاصلاتی تعلیم کی ویب سائٹ پر متعلمین کو خود اکتسابی مواد کی سافٹ کاپیاں بھی فراہم کی جا رہی ہیں، نیزجلد ہی آڈیو ۔ویڈیو      

 بھی ویب

 

ِ
 ،ایس کی سہولت فراہم کی جارہی ہے  سائٹ پر فراہم کیا جائے ا۔۔ اس کے علاوہ متعلمین کے درمیان راطے  کے لیے ایس ایمریکارڈنگ کالِ

 ں جیسے کورس کے رجسٹریشن، مفوضات 

 

گ ،امتحانات وغیرہ کے بارے میں مطلع کیا ‘جس کے ذریعے متعلمین کو پروگرام کے مختلف پہلوئ

 

ی
سل

 

ت
کو

 جاتاہے۔ 

کہ ملک کی تعلیمی اورمعاشی حیثیت سے پچھڑی اردو آبادی کو مرکزی دھارے میں لانے میں نظامت ِ فاصلاتی تعلیم کا بھی نمایاں رول  امید ہے    

   ہو ا۔۔ 

 محمد رضاء اللہ خانپروفیسر 

 ڈائرکٹر، نظامت فاصلاتی تعلیم



 
 

 

 کورس کا تعارػ

نامیاتی کیمیا  کے موضوعات پر بحث کی گئی ہے جو مولانا آزاد نیشنل اردو یونیورسٹی کے بی۔ ایس سی  نامیاتی اور غیر اس کورس میں  

کے نصاب  میں شامل ہیں۔ کتاب کا نصاب دو حصوں پر مشتمل ہے۔پہلا حصہ تھیوری کا ہے،   جس میں سولہ اکائیاں ہیں اور  )سمسٹر دوسرے)

ئیاں ہیں ۔ تھیوری میں  پند  چار بلاک ہیں اور ہر ایک بلاک میں  چار اکائیاں ہیں۔  ب  کہ لیب دوسرا حصہ لیب مینول کا ہے جس میں آٹھ اکا

ذریعے کتابی شکل کی مطابقت میں مینول میں  صرػ دو بلاک ہیں اور ہر ایک بلاک میں  چار چار اکائیاں ہیں۔  اکائیوں کو مضمون کے  ماہرین کے 

 سانی سے پزھ کرسمجھ سکیں۔  آ اس  کو طرح  تیار کیا گیا ہے کہ طالب علم اس

نام دیا گیا  ہے، دو بلاک  پر مشتمل ہے۔ ہر ایک بلاک کو چار چار II (Organic Chemistry-II)۔پہلا حصہ جس کو نامیاتی کیمیا 

الکائیل س طرح ہیں۔اکائیوں میں تقسیم کیا گیا ہے۔اس طرح اس حصے میں کل آٹھ اکائیاں ہیں۔  پہلے بلاک میں چار اکائیوں کے نام ا

ں کے نام اس طرح  ہیں 8 س اور نامیاتی دھاتی مرکبات، اسی طرح سے دوسری بلاک کی اکائیوئیڈتعامل، اریل ہلا متبادلس، مرکز پسندئیڈہلا

 آکسائیڈ۔یپو، فینولس، ایتھرس اور االکوحل

نام دیا گیا  ہے، دو بلاک  پر مشتمل ہے۔ ہر ایک بلاک کو چار چار  I (Physical Chemistry-I)-کیمیا طبعیدوسرا حصہ جس کو 

محلول کی بھی کل آٹھ اکائیاں ہیں۔  تیسرے بلاک میں اکائیوں کے نام اس طرح ہیں۔ اکائیوں میں تقسیم کیا گیا ہے۔اس طرح اس حصے میں

۔ اسی طرح چوتھے بلاک کے اکائیوں  II-خصوصیات،ارتباطی)مقداری( ،I-خصوصیات )مقداری(ارتباطی،II-محلول کی کیمیا ،I-کیمیا

  کلیات کا جائزہ، گیسوں کا حرکی سالمی نظریہ، حقیقی گیسوں کا طرز عمل اور، فاضل طہراات۔ہیں8 گیسیکے نام اسی طرح 

امتحانی سوالات ۔ ہر ، کلیدی الفاظ نمونہ وین ، ذیلی ناوین، اکتسابی نتائجخ  اس طرح سے  ہے۔ مہید،، ناشاہر ا یک ایک اکائی کی  

 ایک اکائی کا اختتام  پر مزید مطالعے کے لیےتجویز کردہ کتابوں کے نام دیے گئے ہیں جس سے طالب علم اس کورس کی مزید معلومات ضرصل ہو

بلاک میں چار اکائیاں  سکے۔ کتاب کے آخر میں   گزشتہ سال کا  نمونہ امتحانی پرچہ بھی منسلک کیا گیا ہے۔ لیب مینول کے کورس میں بھی ہر ایک

پہلوؤں کو سمجھنے میں مؤثر اور مدد ا۔ر ثابت   ل طالب وں کں کو کیمیا کے اٰہیں۔    یونیورسٹی امید کرتی ہے کہ یہ نصابی کتاب تھیوری اور لیب مینو

 ہو گی۔

 قسیم اللہ

 کورس کو آرڈی نیٹر

 



 
 

 

 

 

 I -اورطبعی کیمیا  II -نامیاتی کیمیا 

(Organic Chemistry-II and Physical Chemistry-I) 

  



 
 

 

  



ZÃbhàk : 1 Z»ð
(Alkyl Halides)

Z»ðÆZbZ
ā 1.0

£œ 1.1

)®)È~ 1.2

Z’ZðZÃbhà 1.2.1

U*â~ZÃbhà 1.2.2

�OZÃbhà 1.2.3

Âxl 1.3

¬xÂx 1.3.1

Âx IUPAC 1.3.2

ZÃbhàkÅ»g~Æ§j 1.4

Z9»ì
7454jè EGEGIE 1.4.1

Z
Å5»4ø GE

6,ìXZŒ»ZŸ† 1.4.2

Ã`gkhàkZzgå-9³gZà»ZÈi6,gŠ¿ 1.4.3

?S:] 1.5

6ðS:] 1.6

%œ/I�ŠwgŠ¿ 1.6.1

zg*.çHEEgŠ¿ 1.6.2

¤/&½5é G
YEge”ï 1.6.3

Zõ!}ò 1.7

ã~ZÖp 1.8

%:ZJãÎZÑ] 1.9

'×h+_¬Æa?m,™Š{ÂÁ 1.10
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ā 1.0

Z9Æ‚ãÐ;àgzX�CÙ{g`ƒ™ZkÅ(ìX�CÙ©8ìXZk%“ÃZ9»ìÂ%“ë÷XVwÆîg6,
Ô Ô

ZÃbhàk:
**xC%“ÅúÆŠzgZyZq-ìXZVÃZ9ÆZq-;àgzX�CÙÆfg=psHYñÂ0*ñYäzZá**xC

Æfg=ÅYCìXZ7ZÃbhàkÌ c*R-X %“Z9ÆñâìXÃBD÷XZyÅúÒÏ¬xÃgñ!

ƒ@*ìX Hybridised ë÷XZÃbhàkz{%·]÷X~ìX�CÙó»g0Æ�CÙÐÈl¯@*ìz{»g0

ZµZµ**xCìÂ%·]Q»gz!*gÆ‚B‚Bøg~gzi%{Åi0+Ï~ÌzWeä6,ZEwKYD÷X¬x
Zzg-$4h4è GGE (Chloromycetin) îg6,**xCìÂ%·]ŠgCîg6,0*ñ7YDXŠgCfgZùÐqÝ”{³g$4k54è GH

GE

Æîg6,»gWæU*"$ƒD÷X (Antibiotics) ‰%·]÷áï÷�ZA!*ÇÀ (Aureomycin)

ú~W‚ãZzgZ•ðgŠ¿zZà¡]ÅzzÐ**xCìÂ%·]¡¦6~Zq-úc*V£xgnp÷X**xC
kÔ7ŠzVÅ [+ g~Z5ZzgZÚzàFÅwÐZyÆzWîg6,ZEwÆ´z{Ô¥.ç

EEE~‚ (Organic Synthesis) F,I

™«™äzZáZšVÔŠ}ā&ñZŠÔŠzZNZzgŠzZ‚iÆîg6,ZEw™D÷X

œ£ 1.1

ZkZ»ð~ëW\ÃZÃbˆàkÆ!*g}~-¥â]Š,ÐXZkZ»ðÃ7,"ÆŴ\ZÃbˆàkÅ
§iÐ**xŠ¶Æ‡.ÞƒYNÐXZkZ»ð~W\ÃZÃbˆàÃ¯ä IUPAC )®)È~™ÃÐXZzgZÃbˆàkÃ

Æ§hVÐzZ�™Zc*YñÇZzgâgÃzBsZßwÆ!*g}~W\Ã¥â]Š~YñÏXZÃbˆàÅ8S:]W\Å
¥â]~'×h+ZŸ†™,ÏZzgZkÅ6ðS:]Æ!*g}~Cc*YñÇXzgu,gáLO¿Zzg¤/kHge”ïW\Å¥â]~'×h+
ZŸ†™,ÐX

)®)È~ 1.2

zZá»g0Æ%“Ð�hZƒ@*ìX  hybridised ZÃbhàk%·]z{ìX~ìX%“

ZÃbhàkÆîg6,HŠHìXt)®)È~ (Tertiary) Zzg�O (Secondary) U*â~ (Primary) ZÃbhàÅ)®)Z’Zð
(Secondary ÔU*â~»g0 (Primary Carbon) Zk!*]6,«ìāZÃbhà%“~ñ�ŠhàKÃ́Z’Zð»g0

ÐÝ÷X (Tertiary Carbon) Zzg�O»g0 Carbon)
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(Primary Alkyl Halides) Z’ZðZÃbhàk 1.2.1

ÐªCÙHY@*ìX Z’ZðZÃbˆàkÆ»g0Ã

tZq-Z’Zð»g0ì�ÜsZq-»g0ÐÝìXtZ’Zð»g0�CÙì�ÜsZq-»g0ÐaZƒZìX

(Secondary Alkyl Halides) U*â~ZÃbhàk 1.2.2

ì( Z,ZÃbhàkT~hà¤/z\U*â~»g0ÐaZƒ@*ìX)U*â~»g0z{ì�Šz»g0Æ�CÙzVÐaZƒ@*

ÐªCÙHY@*ìX U*â~»g0

tU*â~»g0�CÙì�Šz»g0Æ�CÙzVÐaZƒZìX

(Tertiary Alkyl Halides) �OZÃbhàk 1.2.3

Ða}ƒz{�OZÃbhàkBD (Tertiary Carbon) Z,ZÃbhàkX~ìX�CÙ�O»g0
ÐªCÙHY@*ìX ÷X)�O»g0Z(»g0ƒ@*ì�'×h+&»g0�CÙÐaZƒ(X�O»g0Ã

Z(»g0�'×h+&»g0ÐaZƒZìX

(Nomenclature) Âxl 1.3

ZÃbhàkÃŠz§hVÐ**xŠc*Y@*ìX ¬xÂx: 1.3.1
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Âx: IUPAC 1.3.2

ì�Zq-ÎZŅ̃ZòwìX International Union for Pure and Aplied Chemistry »…Ãgx IUPAC

Tä**xC%“Ã**xŠ¶Æá¼Zßw¯ñ÷�qgzfs÷X
¬»g0ÅƒÐDiî»ZN[HY@*ìTÐìX�CÙaZƒ@*ìZkiîÃc.$Z9 ªZßw:ƒÐ

:ƒÂz{»g0iîÃZk§b�Šc*Y@*ìāT»g (Branching) ¦gHY@*ìXZ¤/c.$Z9~Ãð÷ác (Parent Alkane)

0ÐìXÝìZk»g0ÃÁÐÁ�AX

»g0Ã�Š¶»ß§i »g0Ã�Š¶»9§i

ŠzuZZßw:Z¤/c.$iî~ZÃb¤/z\Å÷áñDƒVÂDiî»g´VÃZk§b�Š,ÐZÃb¤/z\»ìX
�CÙÃÁÐÁ�AX

Zzg tri, di ŠZQßw:**xC%“~Z¤/Zq-nÆZq-Ðic*Š{ìX�CÙñ�ŠƒVÂìÂ%“Æ**xÆWÐ
Î™ªCÙHY@*ìX tetra

aåZßw:**xC%“~Z¤/ŠzZµZµìÂ�CÙƒVÂZyÐÝ»g0ÃÁÐÁŠc*Y@*ìZzgwzs{ÅF,KM

Æ_.ZyÆ**xgÇYD÷X
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Sturcture of Compund Commen Name IUPAC Name

Methyl Chloride Chloromethane

Ethyl bromide Bromoethane

n-butyl chloride 1-Chlorobutane

Sec.propyl chloride 2-Chloropropane

n-butyl flouride 1-Flourobutane

Sec.butyl flouride 2-Flourbutane

tert. butyl bromide 2-Bromo-2-methylpropane

isobutyl bromide 1-Bromo-2-methylpropane

ZÃbhàkÅ»g~Æ§j: 1.4

: (Helogenation of Alkanes) Z9»ì
7454jè EGEGIE 1.4.1

c*ÓÏ¬ïÅñ�ŠÏ~ìXÐ¿HY@*ìÂ (UV light) Z#Z9Ãe$©3ð GEGieÎg`ÅgzÝc*!*Ññ¶ÃúV

ZÃbhàk»gƒD÷X

$4-£4è GG
GEÃÎg`ÅgzÝ~Z#³g+Æ‚B¿~Ñc*Y@*ìÂ$4-£é GGb³gZà»gƒ@*ìX

²w~ñ�Š³g+$4-£é GGL³gZàÆ‚B¿Wzg~™Æ
$4-Ÿ5ÿ GG

GeZð³gZà¯@*ì�'×h+³g+ÐgŠ¿™Æ»g0R,Zð³gZà
»g0úZ³gZà¯@*ìXZk§jÐ»gƒäzZáZÃbhà‰

$4-£ÿ
G

G³gZàeZð³gz
$4-£4è GG

GEÔR,Zð³gzZzg6Z³gz
$4-£4è GG

GE»%“

»gƒ@*ì‰ZµZµ™**.e$ÂìXZkaZk§iZ(g7HY@*X
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Z
É½54øGE6,ìXZŒ»ZŸ†âgÃ™sgzwÆfg=þ: 1.4.2

Z#)áZiyZ9',Z{gZ„ìÂF,˜Ð¬ï™@*ìÂâgÃ™sÆZßwÆ�R¬ïƒ@*ìXìÂ',t!*g{
6,z™ Br »¿ƒ@*ìÂÔ HBr Z9ÆZk»g0ÐY™MìX˜V;àgzX�CÙÅ®ZŠƒÐÁƒCìXZ#6,z"5Ó4è FGGE6,

~ƒÐÁ;àgzXgppzZá»g0Ða@*ìXZzgW$ið
J
6,zh',zâà»gƒ@*ìX

;àgzX6, (catalyst) ŠêìpZkg
"5½jè
JGIE~ÓÏ¬ï 2-Bromobutane ;àgzX',zâàÆ‚B¿™Æ But-2-ene

zZk»g0ÐÝƒYñÇT»g06,ic*Š{;àgzXa} Br- ÷áï™,Â;àgzX',zâà~ñ�Š W‚à

c*;àgzX6, (Anti-Markownikof's Rule) ƒñƒVXZzgt¿âgÃ™s‡âyÆ',@»x™@*ì&ZAâgÃz™s‡ây
W‚à»ZW,Ìë÷X

áCìX 1-Bromobutane ;àgzX6,W‚àÅñ�ŠÏ~ìXZŒÐ¿™@*ìTÆ&4-@î
EGG

E~ 1-butene

6,ÃðZW,7ƒ@*X HF Zzg HI ÔHCl pt!*]‡.Þ̈gìā6,W‚àÅËq»
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Ã`gkhàkZzgå-9³gZà»ZÈi6,gŠ¿: 1.4.3

ZÈ7ÒøZÃbhàk~qgzfs§hVÐpsHYYìX
ZÈi6,;àgzXhàk»ZW,: (i)

Z#ZÈiÃZ.[+gk;àgzX³gZàc*;àgzX',zâàÆ‚B5c*Y@*ìÂZÈiZÃb³gZGc*ZÃb',zâà~psƒY@*ìX

ƒCìZzgZkgŠ¿»ÂZiyZq-‚~ps™äÆaoƒ§j»oƒâjwaZHY@*ì (Reversible) t¬ïŠz�

�ā0*ã»Zq-%“ï%~æŠ™@*ìóÅ (anhydrous ) ‰Zz6,Š~ƒðŠz�¬ï~Z¤/Z.àgk

alkali Ëq™Š,ÂZÃb³gZàic*Š{lZg~qÝƒÇ�āZq-�gŠ¿)WÐÅ‚(»gŠ¿ƒÇXZzgZ¤/Zz6,Š~ƒðg"5½jè
JGIE~

¹ÁlZg~Ì÷áï™Š,)�ZZŒÃªz**1Š™Šêì(z{;àgzÉ4mø GÆfg=ZÃbhà¯@*ìX†

»ZÈi6,ZW,: (ii)

Z#åÇ9³gZàÃZÈiÆ‚Bg
$¨Ò5½ø
GEGHY@*ìÂZÈiÔZÃbhGk~psƒYD÷X

ZÃb³gZàÃ»g™ä»t§i¹ZYZzg‚0ZâVÆ4,Šq-¹³m,ìX

zg Z#ZÈiZzgåÇ9³gZàZq-Šzu}Æ‚BgŠ¿™D÷ÂZÃb³gZà»gƒ@*ìZzgZÏÆ‚B÷eZðW‚à

ŠH‹qª~ƒ@*ìTÅzzÐz{ƒZ~{g`ƒY@*ìXZzg… HCI Zzg ;àgz³guZŒÌ»gƒD÷X²

{ØZÃb³gZàqÝƒ@*ìX

Z
#-£ÿ
GG

ZÈiZzgåÇ9³gZàÃci++Åq¢~~¤/xHYñÂZ
#-Ÿ5ÿ
GG

G³gZà»gƒ@*ìX
Æ‚B¤/xHY@*ìX (Iodine) ZzgW-e+ (Red Phosphorous) Z

#-£ÿ
GG

WÇeZàÅ»g~ÆáZÈiÃgi+Ã`gk
Ã`gkhàk»ZÈi6,ZW,: (iii)

~ƒäzZá ZÈi»Ã`gk"545é FGEH³gZàÆ‚BgŠ¿HYñÂZÃb³gZàk»ƒD÷XtgŠ¿ZÈiZzg

gŠ¿ÐMPìX

ÆgŠ¿Æ³~Z
#-Ÿ5ÿ
GG

G³gZàqÝƒ@*ìX Z
#-Ÿ5ÿ
GG

GZÈiZzgÃk̂"545é FGEH³gZà
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: (Halogen Exchange) ìXZÞâ 1.4.4

tgŠ¿{mîg6,ZÃbW-eZàÅ»g~ÆaZEwHY@*ìX
¬Æ§hVÐZÃbW-eZà¯**¹ÂìXZÃbW-eZàÃ¯äÆaìXZÞâ»§i‚0ZâVÆ4,Šq-

¹³m,ìX

~psƒ@*ìX n-propyl iodide Åñ�ŠÏ~¤/x™ä6, (Acetone) Îe*W-eZàÆ‚BZ$h43ð GH
Gy n-propyl bromide

(Physical Properties) 8S:] 1.5

z){}^~ƒD÷ Ô Ô Ô Ô ZÃbhàkÆ−gÁ‰

Zzg� (liquid state) c*QÁZ̀!*wgppzZáâùƒD÷XZ,%·]X~»g0Å®ZŠegc*egÐiZZ+ƒCìz{âù
ƒD÷X (solid) %·]~!*g{Ðic*Š{»g0ƒD÷z{̂k

(Chemical properties) 6ðS:] 1.6

ZÃbhàk¹¢Zzg!~ÐgŠ¿™D÷XZÃbhàkÃZEw™ÆZµZµ%“~psHYYìc*ZÃb

Îc*YYìX (Functional Group) hàk~ÐhàkÃïw™ŠzuZ¢5½k5ÿ
EEIE

¤/z\

ZÃbhàkÅºm6ðS:]qgzfs÷X

(Nucleophilic substitution reaction) %œ/I�ŠwgŠ¿ 1.6.1

Z(g™©8ìÂEè¢5Óë
E

G]4k543ð EHGH×¿ (Nucleophile) Z(¿T~Ãð¤/z\�»g0ÐÝƒ@*ìZkÅ(Ãð
B@*ìX

EèÃbÔtWíc*tegaƒD÷XEèÃbÅ¼VBqgzfs÷X
z){ Ô Ô Ô Ô

:  »ZW, (KOH or NaOH) ZÃbhàk6,W!Z‚k   (i)

z){Æ‚B¬ïŠ¶6,ZkÅW[0*æÏƒCìXZzgZÈi»gƒD (KOH or NaOH) ZÃbhàkÃW!Z‚k
÷XZÐZ‚ÏW[0*æÏc*¨~W[0*æÏ¹Y@*ìX

ÆWö}Ã¤/xHYñÂZ
#-Ÿ5ÿ
GG

GZZÔqÝƒ@*ìX KOH VwþZ
#-Ÿ5ÿ
GG

GW-eZàZzgW!

»gƒ@*ìX isopropy alcohol Æ‚B¤/xHYñÂ KOH W! isopropyl bromideZ#
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|g;àgzW‚à: ß|gW‚à  (ii)

X gzW‚àÆ‚B�lŠc*Y@*ìÂZÈi»gƒ@*ì |g;à à ZÃbhàkÃW[Wö|gW‚ Z#

»¿: KCN 7N*ô‚Ñà (iii)

ZÃbhàkÃ7N*ô‚ÑàÆ‚B�lŠ¶6,ZÇ‚Ñà»gƒD÷X

»gƒ@*ìX isopropyl cyanide Z#7N*ô‚ÑàÆ‚B�l3@*ìÂ³~ iso-propyl chloride

Zñ*Æ²wÆ‚B: (iv)

ZÃbhàkZ#Zñ*ZzgZÔÆ²wÆ‚B¿™D÷ÂZÃbZâb»gƒD÷X

Vw:Z
#-Ÿ5ÿ
GG

GZâbÅ»g~ÆaZ
#-Ÿ5ÿ
GG

G',zâàZzgZÈ7Ò5ëGZñ*ÆWö}Ã¤/xHY@*ìX

Z
#-Ÿ5ÿ
GG

G',zâàÃZ#ZÈ́Zñ*Æ‚B¤/xHY@*ìÂZ
#-Ÿ5ÿ
GG

GZâ"»gƒD÷ZzgZk6,zªÃZñâÑ$mø
J

¹Y@*ìX
7N*ôc*Îe*ZÃW‚àÆ‚B:   (v)

Z#ZÃbhàk7N*ôc*Îe*ZÃW‚àÆ‚BgŠ¿™D÷ÂZpk»gƒD÷X

(Williamson's Synthesis) ZÃbhàkZzgÎe*ZÃW‚àÃ¤/x™ä6,Zp»gƒD÷Xt¿z@"»@*d§i
B@*ìX
}:Z

#-Ÿ5ÿ
GG

GWÇeZàZzgÎe*$4-āð GG
W‚àÆŠgxy¬ïÆ³~Z

#-Ÿ5ÿ
GG

GZpqÝƒ@*ìX

¢4-ö
E

GH
ZŒk)»g1±k5Ò5ë GG

Y
ZŒ(Æ|g#»¿: (vi)

»g1±k5Ò5ë GG
Y

ZŒ»|g#Z#ZÃbhàkÐ¬ï™D÷ÂZ7»gƒD÷X
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¯D÷X Ethyl propionate Ð¬ï™äÆˆ Ethyl bromide, silver propionate }:Z#

(Wurtz Reaction) zgu,gŠ¿ 1.6.2

ÈZpÅñ�ŠÏ~Z#ZÃbhàk»¿Îe*ŠJ]Æ‚BHY@*ìÂZZZ9»gƒD÷XZk¿~ZÃb

hàkÆŠz‚Ó]zfe÷ZyÆìX�CÙZµƒ™ŠJChàk¯D÷ZzgŠzZÃb¤/z\Šƒ™ZZZp»g™D÷X
Zk§b»¿Šgu,¬ïB@*ìXZk¬ïÆfg)Üs»g0�CÙzVÅñ®ZŠzZáZ9{mîg6,»gKYD÷X

Ð¬ï™D÷Â&Zµ (Zn) Z#ŠzZµZµhà»²w‰
$4-Ÿ5ÿ GG

GZzgZ
#-£ÿ
GG

W-eZàegZðZpÅñ�ŠÏ~Îe*c*i7-ŠJ]

Mì‰Z
#-£4è
GG

GEÔ6,zàZzgç”Ôqe{™**ÂìX (mixture) ZµZ9»%“

ZÏ§jÐ¬xîg6,zgu,¬ïZµZµZÃbhàkÆ²wÆaZEw7HY@*ìXZk¬ï»ZEw7V

ÂZiygppzZáZ9Å»g~ÆaHY@*ìX

(Grignard Reagent) ¤/kHe”ï 1.6.3

¡¦îg6,¤/kHeúZÃbhàkÆaZq-¹Zë¬ïìXZkgŠ¿~ZÃbhàkÃ
!5»4o-ê G

YEI
GŠJ]Æ‚BZp

Åñ�ŠÏ~¿~Ñc*Y@*ìXZÐ¤/kHge”ïë÷XZk”ï»**xZkÆZXŠ™äzZá‚0ZVÆ**xg3ŠHìXZk
%“»ZEwHY@*ì�¹ic*Š{Zzg¹¢gŠ¿ R-Mg-X ìXZk¬ï~ (Victor Grignard) ‚0ZV»**xzI¤/kHge

™äzZÑƒ@*ìXZ[%“»ƒZÔƒZÅ&Zzg»g0eZðW‚àÅñ�ŠÏ~•}ƒYD÷XZÏa

Ã¯**.e$W‚yìXT~ZÃb Reagent Åñ�ŠÏ~¯c*Y@*ìZzgZEwHY@*ìXZk NitrogenÃ Reagnet

ÃZp~¹HY@*ìZzg
!5»4o-ê G

YEI
GŠJ]Ð5c*Y@*ìX Reagent hàk

Zk¬ï~Šzu};àgz»g0»ZpÅ(ZEw7HYYXZp¤/kHe”ïÃL™ä~æŠ™@*ìX

ÈZpÅñ�ŠÏ~Z#ZÃbhàkÃÈZzg{Ø
!5½54o-ê

G
YEGI

GŠJ]Æ‚Bg$¨Ó½ø GEHY@*ìÂ¤/kHge”ï»gƒ@*ìX

:¿(Dehydrohalogenation) e~;àgzì854jè EGEIE 1.6.4

�lŠc*Y@*ìÂZÃbhàkÆŠz4,ŠO»g0�CÙzV~ÐZq-;àgzX ~KOH Z#ZÃbhàkÃZÈiWö
�CÙZzgŠzu}»ìX�CÙWiZŠƒ™Z9áCìXZzgt¿e~;àgzì7454jè EGEGIEB@*ìXZÐZyZY¿Ìë÷X
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‡âyÆ�¿~W@*ìX_2.çGHEp‡âytC@*ìāZ#ZÃbhàk»e~;àgzì7454jè EGEGIEƒ@*ìÂ Saytzeff tZyZY¿

;àgzX�CÙZk»g0ZVÐ{g`ƒ@*ìT»g0ZVÃƒÐÁ;àgzXÝƒVX

~Z#e~;àgzì7454jè EGEGIEƒÇA$ŠzõÝ�ÐX sec-butylchloride VwÆîg6,

(Saytzeff ƒÇX_2.çGHEp‡âyÆ_.YzZáZpÃ_2.çGHEpZzÅ3©è GEE 2-Butene ‡âyÆ_.YzZÑõÝ Saytzeff

ë÷X (Saytzeff Elimination) Zzg_2.çGHEpÆ_.ƒäzZá¿Ã_2.çGHEpZyZY¿ Olefine)

(Learning Outcomes) Zõ!}ò 1.7

ZkZ»ð~W\äZÃbhàkÆ!*g}~¥â]q-ÅXW\Zk‡.Þƒ‰ÆW\ËÌZÃbˆàkÃ¬xZzg
ÂxÐ**xŠ,ÃXW\äZÃbˆàÆ»g~ÆZµZµ§jÌZXZÃbˆàkÅ8Zzg6ðS:] IUPAC

‰gzÖÆ!*g}~'×h+¥â]qÝ™à÷X saytzeff Ã™‰÷XZzgâgÃzBsZzg

(Keywords) ã~ZÖp 1.8

»g0Šzu}�CÙÐÜsZq-¤/Äg‚rìX ‘o D X1

Îg`Ðå3zZàÃÑX !*Ññ¶ÃN X2

¬ïÅÑb~ZŸ†™@*ìX ÓÏ¬ï X3

0*ã~¯ƒZZ‚kX W!Z‚k X4

**xC%“»0*ãÆ%“Ð¬ï™**X W[0*æÏ X5

(Model Examination Questions) %:ZJãÎZÑ] 1.9

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

Ã¾§bªCÙHY@*ìX (Primary alkyl halides) ¬xîg6,Z’ZðZÃbˆàk X1

23



ÅÙ|#™,X (Secondary alkyl halides) qgzfs~ÐU*â~ZÃbˆàk X2

Zq-Butan-2-chloride X3

Z®ŒGìX (d �OZÃbˆàì (c U*â~ZÃbˆàì (b Z’ZðZÃbˆàì (a

**xC�X IUPAC» X4

1-Bromo-2,2-dimethylethane (b 2-Bromo-2-methylpropane (a

1,1-dimethyl-2-Bromo propane (d 2-Bromo-1-methyl propane (c

Z#Îg`ÅÃÇVc*!*Ññ¶Æñ�ŠÏ~ìXÅic*Š{lZgÐ¬ï™ä6,''AÇX (alkane) Z9 X5

;àgzX',zâàÆ‚B¬ï™@*ìÂ''õÝ�ÐX prop-1-ene X6

2-Bromopropane (b 1-Bromopropane (a

1-propanal (c Propane (c

;àgzX',zâ(<å JXHÆ‚B;àgzX6,W‚àÅñ�ŠÏ~¬ï™ä''gzwë÷X Prop-1-ene X7

Markowrinkoffs rule (b Saytzeff sub (a

Willamsans synthesis (d Antimarkowinkoff rule (c

X8

NaOH/∆∆∆∆ (d   (c   (b ;àgzX6,W‚à (a

HƒYì? a X9

R-CHO (d Ag-R (c R-R (b R-OH  (a

Zk¬ï»**x? R-Br+2Na+R-Br R-R+2NaBr X10
Saytzeff rule (b willamson synthesis (a

Wurtz reaction (d Markoaifkof rule (c
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(Short Answer Type Questions) ¿�Z!*]ÆqïÎZÑ] (B

Zzg;àgzX',âà»¬ïùƒÇ? Prop-1-ene Æ� Markowinkoff rule âgÃzBsgzw X1

Æ‚B¬ï™,ÂÃ̈KõÝAÇ? (HBr) ;àgzX6,W‚àÅñ�ŠÏ~;àgzX',zâà But-1-ene X2

Hƒ@*ìZ¤/ZÃbhàkÃW!7N*ô;àgz‚àÆ‚B�lŠc*Yñ? X3

»g1Wœ/´ZŒZzg|g#Æ¬ïÐHqÝƒÇ? X4

**xCNX IUPAC qgzfs%·]» X5

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

ZÃbˆà£ë÷?ZÃbˆàÅ)®)È~C�X X1

Zzg³g+»!*Ññ¶ÃúVÅñ�ŠÏ~¬ï-ŒNX (alkane) Zp X2

å&45ÿ GEG³gZà»ZÈi6,HZW,ƒÇ? X3

£ë÷?VwŠ}™CN? Wurtz reaction X4

ZÃbhàkÐ¤/&½5é G
YEge”ï»g™ä»§iŒN? X5

ZyZY¿CNX 2-chlorobutane Æ_. Saytzeff rule X6

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

1. Concepts of Chemistry by Dr, Mazhar Farooqui, Dr. S.V. Kuberkar and Dr. S.D Naikwade

2. Chemistry for Degree Students by R.L Madan

3. Advanced Organic Chemistry by Arun Bahl and B.S Bahl

4. Mordern Organic Chemistry by Jagdambe Singh

5. Objective Chemistry by O.P Agarwal
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:%œ/I�Šw¬ï 2 Z»ð
(Nucleophilic Substitution Reaction)

Z»ðÆZbZ
ā 2.0

£œ 2.1

�Šw¬ïÆZlx 2.1.1

%œ/IZq-‚@¬ï 2.2

…»ZW, 2.3

%œ/I�ŠwŠz‚ÓC¬ï 2.4

…»gŠ¿ÅÑb6,ZW, 2.5

¬5]~�Ût Zzg 2.6

Zõ!}ò 2.7

ã~ZÖp 2.8

%:ZJãÎZÑ] 2.9

'×h+_¬Æa?m,™Š{ÂÁ 2.10

ā 2.0

Ãqgzfs§iÐªCÙHY@*ìX (Nucleophilic Substitution Reaction) Zq-%œ/I�Šw¬ï

ÝƒäzZÑ%œ/I¤/z\6,c*Ât!*ggìÇtQZq-)ÈÙZ¼zyÅ Nu ZÉ½5ÿG¤/z\ÃghäzZÑ%œ/I¤/z\ìZzg G²

�h~)ZzgXÃð!*g7ƒ**(gìÏX
VwÆîg6,

ë÷X Nucleophilicity %œ/I¤/z\Å¬ïÅ&¢AÃ
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Zk�CÙÆt!*gÆ‚B(,fìXÈËÌ�CÙ6,Z¤/t!*g(,kìÂ Nucleophilicity ËÌ�CÙÅ X1

Ðic*Š{ìX NucleophilicityÅ Ì(,ñÏXZka Nuclephilicity

~ZŸ†ƒ@*ìXZÏa%œ/ (atomic size) Šzg~].zw~ËÌ¤/z\ÆZz6,ÐnÅ§sY+6,�CÙ~‚|# X2

I¬ïÅZzgeg
(,−ìZzg (Atomic  number ) ~‰‰WÐYNÐ�CÙ~°Š (Per iod) Šzg~].zwÆËÌŠzg X3

gìÏXZgs¤/z\ÃghäzZá%œ/I¤/z\ic*Š{ nìXZÏa Nucleophilicity

™Æ

£œ 2.1

Æ!*g}~¥â]qÝ™,ÐXZzg%œ/I�ŠwÆ!*g}~¥â] (Nucleophile) ZkZ»ð~ë%œ/I

¬5]Æ!*g}~7,³ÐXZzgZyŠzâV~�ÛtY3ÐXZyÆ§i»gÃ−ÐX Zzg qÝ™,ÐX

¬5]ÅÑbZzgõÝÅlZg6, Zzg » (Slovent) ŠBÐX… stereochemistry ¬ï~YzZáõÝÅ

ƒäzZáZW,ÅzŸs#™,ÐX

: �Šw¬ïÆZlx 2.1.1

radicals Zzg Eletrophile Z¼zyI Nucleophile �Šw¬ïÆ&9÷X%œ/I

ÐªCÙHY@*ìZk¬ï~Zq-%œ/I¤/z\ SN :Zk¬ïÃ (Nucleophilic Substitution Reaction) %œ/I¬ï
Šzu}I¤/z\Ðpsƒ@*ìX

:Z¼zyI�Šwz{ƒD÷�Z¼zyÅ§sgZáƒD (Electrophilic Substitution Reaction) Z¼zyI�Šw

ÐªCÙHY@*ìX SE ÷Z7

:T~gZ[+Â�ŠwƒD÷Z#ÃðgZ[+pËŠzu}gZ[+pÐpsƒ@*ìX Radical Subsititution

(Nucleophilic Substitution Unimolecular Reaction) %œ/IZq-‚@¬ï 2.2

÷áïì�¬ïÅÑbÅç Transition Slate »g06,%œ/I�Šw»gŠ¿~ ÐªCÙHY@*ì ZÐ

t¬ïŠz%ZÖV (Nucleophilic Substitution unimolecular reaction) ™CZkgŠ¿Ã%œ/IZq-‚@�Šwë÷
6,ŒìX

µZzgt!*g0Y@*ìT~ (Ionization) ª%³:ª%³ŠägëgÐ¿~W@*ìXZk%µ~‚ãÅÈlI^™

ZµZµƒYD÷X (Nucleophile) Zzg%œ/I carbonium ion 
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Šzu}WäzZá%œ/I¤/z\ÃpŠÐÝƒäÅŠú]Šêìt%³¹ Carbonium ion ŠzuZ%³:Šzu}%µ~

!~Ð¿~W@*ìX

Transition ™@*ìX¬ (Rate determning step) ¬ïÅÑb»ç (step) aèª%³Nƒ@*ìZÏat%³

ÆÖ@ÅÈl$zgƒ™IU@ìX7g~¬ïÃqgzfs§iÐ (Nucleophile) ~»g0ÃghäzZá%œ/I¤/z\ state

ªCÙHY@*ìX

“WÆa?¹gBb Carbonium Ion~Transiition state (T.S) ¬ïƒ@*ìZÏaZk endothermic ¬%µ~

ŠzuZ transition state Ð„?¹gBbìt Carbonium IonÌtransition state ìZ#āŠzu}%³~ÌŠzu~

YCìX (endothermic) ~ÂZ**ð!*CÙ1 transition state ÐÝƒ@*ìZzgtŠzuZ Carbonium Ion %œ/I¤/z\

gSìX First order ¬ï¬xîg6, ¬ï~ƒÐN%³¬ïÅÑb»ç™@*ìZzg
Rate = K[R-G]

Æ‚B¬ï™D Methanol (tert-butylbromide) 2-bromo 2-methylpropane :Z# (Mechanism) §i»g
qÝƒ@*ìX tert-butylmethylether c* 2-methoray 2-methylpropane ÷Â

áCìX »g0ZzgìXÅÈlI^YCìZzg (C-X) ª%³~
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ë÷X oxonium ion ¯@*ì& (intermediate) Ð¬ï™ÆÖ@»õÝ carbocationÔmethanol Šzu}%µ~

Ð�hY@*ìZzgtgŠ¿åƒ™ methanol 6,Ðvƒ™…~ oxonium ion Š}%µ~;àgzXgzZVWí

ŠêìX tert-butyl methylether

 ™CìXZk¬ï~ (rate of reaction) ì�¬ïÅÑb»ç (Kinietic property) Zq-wHC Nucleophilicity

carbocation ¯äÆaÁÂZ**ðŠg»gƒCì² carbocation ƒÐic*Š{LƒD÷ZÏa carbocation

Ô  carbocation ¢¬ï™äÆa»ggT÷X² carbocation ¹ic*Š{)LƒDìXZÏa

gŠ¿7™D÷X carbocation Æ£.ÞÁgáLO¿™Dì² carbocation
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(The Effect of Solvents) …»ZW, 2.3

¬ïÅÑbÃ(,J@*ì',¹!*ggppzZá ‡/ co-solvating Zzg dielectric constant Zq-Z(…T»

‡/ic*Š{ƒC ion-solvent Zzg dielectric constant» (Formic acid) ;àgzZ±k5ÓëG…‰0*ãÔ$4-£ÿ GGZÈi¯gåZŒ

¬ïÆa4+…âäYäìZzgt…¬ïÅÑb~ÌZŸ† ¬ïÃ6,¿™DìZÏat ìZÏatW+

‘WìZÏ (anion) ZzgZ**+ (Corbocation) ~»g1É+ (Rate determining) ™@*ìXgŠ¿ÅÑb»ç™äzZá%³
ƒCì&’^~

$4-Ÿ5ÿ GGG³gZàI^™W+¯DìZzg
$4-Ÿ5ÿ GGGÉ+Zzg³gZà (endothermic) wZg]̧g (step) aZÏ%³

ÂZ**ðŠg»gƒCìX;àgzZ±k5ÓëG',¹!*g 950.4 KJmol ƒCìTÆa (endotorum) W+¯D÷Zzgt%³wZg]̧g
~»g1ÉbÃÌL™@*ìZzg trasnition state ÃL™@*ìZzg (cations and Anions) …CÙµ',¹!*gZzgt',¹!*g

ZEw™Æ (solvent) ƒCì¸zzìā
$4-Ÿ5ÿ GGG³gZàÆa0*ã»… (stable) ÃÌL transition state Zk§bÐ

„ÂZ**ðŠg»gƒCìZk 263.76K Jmal-1 ÆOñ 950.4K Jmoi ~ps™äÆa Cation Zzg Anions Z#Wb

ÐtU*"$ƒCìā0*ã»
$4-Ÿ5ÿ GGGÉbZzg³gZàZmíÃL™äÆaZW,Z0+Zi…ìX

Á (electrostatic force) t‚Ó]ZLW\ÃZk§bZq-Šzu}Ð!*0+_ìāZy‚Ó]ÆÖ@',¹ïA¸]

gìÇZk…» dielectric constant Æ§b»x™DìX�…Aic*Š{ insulator ÐÁaZƒTÅzzÐ…Æ‚ã

Å̧]Zâic*Š{gìÏX insulating

(Nucleophilic Substitution Bimolecilar Reaction) %œ/I�ŠwŠz‚ÓC¬ï 2.4

Zzg»g0ÆâÎÈl» (Nucleophile) ¬ï~%œ/I ÐªCÙHY@*ì %œ/I�ŠwŠz‚ÓC¬ïÃ

~WäzZà Zzg»g0ÆÖ@Èl»àC‚B~¿~W@*ìX (Nucleophile) IRZzgŠzu~§sÐŠzu}%œ/I

÷áïìXZk�ŠwÃŠz‚@¬ïZkaë (Nucleophile) ~å3zZÑ%œ/IZzgÝƒäzZÑ%œ/I Transition state

ŠzâV‚BƒD÷XZzgtgŠ¿Å (Nucleophile) ZzgÝƒäzZÑ%œ/I (Nucleophile) ÷YèZk~å3zZÑ%œ/I

6,«ƒCìX (Nucleophile) ¬ïÅÑbŠzâV%œ/I ™@*ìXZÏa (rate determinig step) Ñb»ç

Rate=K[R-G][Nu]

¬ïB@*ìX Š¿ Š¿™Æ
$4-Ÿ5ÿ GGGZÈi¯D÷Xtg W:~g (-OH ion) àZzg;àgzœ/~Wí VwÆîg6,Z¤/

$4-Ÿ5ÿ GGG',zâ

Ðú™@*ìZk§bÐ (Opposite side) ¬»g0ÃghäzZá%œ/Iāú (Nucleophile) §i»g:%œ/I

÷áïìX (Backside attack) »úÐú™** (Nucleophile) ¬ï~%œ/I
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¬ï~»g0Ð0*õ"5å EH7�hYCìX~ÐÐ ¬5]6,¿™D÷Àâ Second order ¬ï ¬xîg6,

ZzgŠzuZZÏ»g0ÐÝƒäzZÑ%œ/I (Nucleophile) ÈlxƒCìZzgŠzÈ
$h4è GIG)Zq-»g0ÃghäzZÑ%œ/I

ÐCðYCìX doted line tÈl (Nucleophile)

…»gŠ¿ÅÑb6,ZW, 2.5

6,«™DƒñZ7eg”V~„H (Nucleophile) »g0ÐÝƒäzZáZzg»g0ÃghäzZá%œ/I

Ã�häzÑc* Nu ŠHìYè…»CÙ¬ï6,Zq-6ZW,7ƒ@*X…»¬5]6,ZW,Ãqgzfs§jÐ)®)È~ÅˆX)
ÐªCÙ™,ÐX( (Nucleophile) ghäzZÑ%œ/I G Æfg)ªCÙ™,ÐZzg (Nucleophile) ÝƒäzZá%œ/I

ZÏa (G) »g0ÐZµƒ@*ìÂZk6,t!*gƒ@*ì (Nucleophile) %œ/I G 6,Ën»Ãð!*g7ƒ@*pZ# Nu (a

aZƒY@*ìX (Polar) 6,!*g Transition state

(less ¬ï5+k,ÐÁª Transition stateÂ(Nutral) (6,Z¤/Ãð!*g:ƒ (Nucleophile) )ÝƒäzZÑ%œ/I Nu (b

ƒ@*ìX polar)

ÂZ+qª~ (Nutral) 6,Ãð!*g:ƒ (Nucleophile) )ÝƒäzZÑ%œ/I(6,Z¤/t!*gƒZzgghäzZÑ%œ/I Nu (c

ƒ@*ìX (less polar) ¬ïÐÁª Trasnition state

ƒÂZ+qª~Ì G (Nucleophile) (6,Z¤/t!*gƒZzgghäzZÑ%œ/I¤/z\ (Nucleophile) )%œ/I Nu (d
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ƒÏX (Less polar) ¬ï5+k,ÐÁs Transition state

Åp~ic*Š{ª6,zf… (Less polar protic solvents) Ðmgnp÷ÂÁª6,zf… (a) ¬ï Z#

(more polor Æfg=ƒCì�¬ïÅÑb~ZŸ†™@*ìXtZkaeìYèic*Š{ª… (More polar solvents)

Ãic*Š{L™@*ìX transition state ic*Š{ª solvent)

¬ïÅÑb~ZŸ†™@*ìZzgZkÅÁlZg (Concentration) Åic*Š{lZg (Nucleophile) ²%œ/I

¬ïÅÑbÃ]@*ìX (concentration)

¬5]~�Ût Zzg 2.6

6,Œ¬ïì (step) Zq-%µ 6,Œ¬ïì (steps) XtŠz%µ 1

Šz‚ÓC¬ï÷ XZq-‚ÓC¬ïìX 2

“WÆõ̂ÝqÝ Transition state Zk~¬ï
ƒVÐX

“WÆ¬̂ïåƒ™õÝ (Carbocation) X»g1ÉM 3

qÝƒD÷X

¬ï™äÅ&¢A)ZÉ½5ÿGhàÆa( X¬ï™äÅ&¢A)ZÉ½5ÿGhàÆa( 4

Æfg=¿~WC (anion) Z**í (Nucleophile) %œ/I

ìX
~¿~ (Polar Protic Solvant) X¬ïª6,zf… 5

WCìX

(Learning Outcomes) Zõ!}ò 2.7

Æ!*g}~-¥â]qÝÅX Zzg ZkZ»ð~ëä

Æ!*g}~Y** (Nucleophile) %œ/I

�Šw¬ïÆZlxŠAX

ŠzâV6,…»ZW,Š¬X Zzg Zzg�Šw¬ï

(Keywords) ã~ZÖp 2.8

Nucleophilic Substitution reaction %œ/I�Šw¬ï X1

Nucleophile %œ/I X2

Carbanion »g0Wí X3

Carbocation »g1» X4

Nucleophilicity %œ/Ie$ X5
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(Model Examination Questions) %:ZJãÎZÑ] 2.9

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

%œ/I¤/z\Å¬ï™äÅ&¢AÃ''''ë÷X X1

Electrophilicity (d Nucleophilicity (c Nucleophile (b Electrophile (a

Zk�CÙÆt!*gÆ‚B''' Nucleophilicity X2

¼È7Mh (d ÃðZW,7 (c ÁƒCì (b (,fì (a

¬ï™}ÇX Zy~ÐÃ̈K%“ X3

tZq-? X4

&‚@¬ïì (d 0*õ‚@¬ïì (c Zq-‚@¬ïì (b Šz‚@¬ïì (a

ƒD÷X Transition state ~'''' X5

eg (d &(c Šz (b Zq- (a

¬ï'''¬ïgSìX X6

Psedu first order (d Third order (c Second order (b First order (a

¬ï'''¬ïgSìX X7

Psedu first order (d Third order (c Second order (b First order (a

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

Hì? (Nucleophilic subsititution) %œ/I�Šw¬ï X1

¬ï~�ÛtHì? Zzg X2

Hì? Nucleophilicity X3

~…»¬ïÅÑb6,ZW,C�X X4

ÆZlxÃyÃyÐ÷? (Substitution reaction) �Šw¬ï X5
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~…»¬ï6,HZW,ƒÇX X6

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

¬ï-Œ�X X1

»§iC�X ¬ïHì? X2

-Œ�X Stereochmistry ¬ï~J¬ X3

¬ï~…»ZW,-C�X X4

(Suggested Books for Further Readings) '×h+_¬Æa?m,™Š{ÂÁ 2.10

1. Advanced General Organic Chemistry Sachin Kumar Ghosh.

2. Organic Reaction and their Mechanisms P.S Kalsi.

3. Advanced Organic Chemistry Arun Bahl and B.S Bahl

4. A Logical Approach to Mordern Organic Chemistry by Jagdambe Singh and S. Anandvardhan

5. Reaction Mechanism in Organic Chemistry Mukherji and Singh

34



Zgshàk : 3 Z»ð
(Aryl Halides)

Z»ðÆZbZ
ā 3.0

£œ 3.1

ZgshàkÅ»g~Æ§j 3.2

eZ],lìR 3.2.1

eZ,̂z4#Ð»g~ 3.2.2

74hå EHn¬ïÆfg= 3.2.3

%œ/IpÒŠZg�Šw»gŠ¿ 3.3

»ÎeZâàÆ‚B¬ï P-Chlorotoluene 3.3.1

ZgshàkÆ"1¹Òð
EGgZzg‚àiî»gŠ¿ 3.4

*.ç EEEEÂ»gŠ¿ 3.4.1

‚àiîgŠ¿ 3.4.2

Zgshàk»ÁgŠ¿ 3.5

³gz*.ç EEE+Å²)Àö
YY

‚854è
EG

G 3.5.1

»g0Zzg³g+Å¤/ÄÅ¤‰Ü 3.5.2

Zõ!}ò 3.6

ã~ZÖp 3.7

%:ZJãÎZÑ] 3.8

'×h+_¬Æa?m,™Š{ÂÁ 3.9
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ā 3.0

g8-Æ»g0Ð¦ñÝ (Benzene) ZgshàkpÒŠZgìX%·]ƒDìX~ìX�CÙ*.ç EEE+  Zgshàk:
(X=F,Cl,Br,I) Æîg6,ÌY**Y@*ìZzgZÐ¬xîg6, (Nuclear Substitution Product) ƒ@*ìZzgt�CÙ~�ŠwõÝ

Benezene ÄÆ_.Z7ìZgß**xŠc*ŠHìXZ#āZy»¬x**xZgshàkìXZ¤/ IUPAC –Y@*ìX Ar-X

Ortho, Meta, Para ÃìXā́z{ÃðŠzuZ¤/z\ÝƒÂZkÆ**xÆWÐ‚—ÂÎ™¯c*Y@*ì‰ ring

œ£ 3.1

ZkZ»ð~ëZgshàkÆ!*g}~¥â]qÝ™,ÐZzgZgshàkÆ»g~Æ§jŠBÐXZgs
hàkÅZµZµ7icÃY3ÐZzgZ¼zyÃZK§sgZá™äzZá¤/z\ZgshàkÐÝƒä»ZW,ŠB

Zzg Resonance Concept ÐXZgshàk»Šzu}%·]Æ‚B¬ïÆ!*g}~'×h+¥â]�ÛZë™,ÐXZzg‚B~
³g+Zzg»g0Æ¤/ÄÅ¤‰ÜÆ!*g}~7,³ÐX

ZgshàkÆ»g~Æ§i 3.2

ZÉ½5ÿGhàkÆ»g~Æ§iZgshàkÅ»g~ÆaZEw7™Mhc*ZgshàkÅ»g~Æ§iZÉ½5ÿGhàk
ÆaZEw7ƒDXZgshàkÆ»g~Æ§iqgzfsìX

eZJlŠ854jè EE
GIE: 3.2.1

ZgshàkÃ¬xîg6,Zk,zz;àgz»g06,Z¼zyI�Šw¿Æfg=qÝHY@*ìX

*.ç EEE+Ã³g0Æ‚B�lŠc*Y@*ìÂ³gz*.ç EEE+‘W÷X
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ZzgŠzuZ P-Bromotoluene ñ�ŠÏ~�lŠc*Y@*ìÂŠzõÝX÷Zq- Å Ã',z}Æ‚B TolueneZ#

�ÁlZg~qÝƒ@*ìX O-Bromotoluene

(From Diazonium Salt) eZ,̂z4#Ð»g~ 3.2.2

c*7N*ôW-eZ[+²w Cuprous bromide Ôcuprous chloride Æ²wÃZ¤/ Benzene diazonium chloride

Æ‚B5Šc*YñÂz{!*nKM³gz*.ç EEE+Ô',zñ*.ç EEE+c*W-ez*.ç EEE+Š}ÇX

Vw

Ãqgzfs¬ïÐqÝHYYìX (Aromatic diazonium salt) pÒŠZgeZKz4#

Æ§jÃZEw™Mh÷VwÆîg (Halogenation) eZ,̂z4#Æ§jÐZgshàkÅ»g~~',Z{gZ„;ß854jè EE
GIE

Æfg=*.ç EEE+Ðjgz*.ç EEE+¯Mh÷ptF,IZq-Š}ā&îg6,{ŠZzgñW,gŠ¿ìp³gz*.ç EEE+ (flourination) 6,jgzV

eZKz4#ÆgZ5Æfg=W‚ãÐ»gƒYìX
jgz*.ç EEE+Å»g~T~eZKz4³gZà»Îe*jgz1gf$Æ‚BgŠ¿™Zc*Y@*ìXTÐ*.ç EEE+eZKz4jgz

Æfg=jgz*.ç EEE+ŠêìX Pyrolysis 1gf$áCì�Wy~~

*.ç EEE+eZ,̂z4³gZàZ#;àgzX',zâàÐ¬ï™@*ìÂ',zñ*.ç EEE+áCìX
Ìë÷X (Sandmeyer's reaction) eZ,̂z4#Ð“WzZáZgsˆàkÆ§jÃí÷¬ï
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(Hunsdiecker reaction) 74hå EHn¬ïÆfg= 3.2.3

Zk§j~»g1Wœ/&ÓëGZŒÆ|g#Æ‚BìX¬ï™D÷�Zgsˆà¯D÷X

Zgshà¯ä»t§iic*Š{ZÌ»qï7ìYVāZk§i»ZEw™DƒñYzZáZgsˆàÅ¹Á

lZgqÝƒCìX

(Nucleophilic Aromatic Substitution Reaction) %œ/IpÒŠZg�Šw»gáLO¿ 3.3

Nucleophilic ƒ@*ìXZgsˆàk6, Nucleophilic substitution Zgsˆàk6,¹ÂÐ

~ps™äÆaQÐ (Phenol) gáLO¿Æa{mâjwc*{mqª�ÛZë™**7,@*ìX‰³gz*.ç EEE+Ã_w substitution

6,Š!*îÆ‚B¬ïHY@*ìX W!Îe*Ô;àgzW‚àÆ‚B

c*ortho z){ìX�CÙÃ�Šw™äÆa*.ç EEE+Å NaOH (gas) Z¼zyÃZK§sgZá™äzZÑ¤/z\‰

c*Ortho z){ñ�ŠƒÂz{*.ç EEE+Å , CHO, CN 7icÃøu™DìX²Z¼zyÃgZá™äzZÑ¤/z\‰ Para

7ic6,ìX�CÙÃŠzu}¤/z\Ð�ŠwƒäÆaZ‚@*ìX Para
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‘W(Carbanion) F!*gEèÃb̧~Z‚kÆîg6,»x™@*ìt$™)é
G

Ñ]�CÙÆ¦zZyZ`§i»g6,¿™@*ìXT~»g"54è EGEE

ë÷XtŠz‚ÓCgŠ¿ì�øD (Meisenheimer complex) ìZk~)£òZ¼zygT÷X&
$4o-:-.ç GEXGë{%“

»gƒ@*ìŠzu}%µ~Šz (Carbanion) ³gZà6,ú™@*ìZzg»g"54è EGEE -OH fs%ÖV6,«ìX¬%µ~E³Ãb‰

àCÑzqƒ@*ìX»g"54è EE
GEpŠÃL™äÆa**>z¤/z\ P-nitrophenolÐ(Carbanion) W+Â_Ñzqƒ@*ìXZzg»g"54è EE

GE

§iB@*ìX SNAr ÐZ¼zyÃQ÷Zzgt§i»g

»ÎeZâàÆ‚B¬ï: P-Chlorotoluene 3.3.1

»FMìXt§i»gŠz%ÖV6,Œ m-Toluidine Zzg p-Toluidine 6,t¬ï (Liquid Ammonia) âùZñ*
áCìX (intermediate)Ö@Benzyne ìX¬%³~ZyZY¿ZzgŠzuZ%³¦c*Ýƒ@*ìXtgŠ¿7gZƒäÐ¬
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ZgshàkÆ"1¹Òð
EGgZzg‚àiî»gŠ¿ 3.4

»gŠ¿: (Benzene Nuclears) *.ç EEE+EÂ 1.3.4.1

(o-nitrobenzene) and **>z*.ç EEE+ para Zzg ortho ³gz*.ç EEE+ÃZ#**>"545ë GHGE
Y

²wÆ‚B�lŠc*Y@*ìÂ (a)

»FMìX p-nitrobenzene

P-chlorobenzene Zzg O- ){ØËguZŒ(Æ‚B¬ïHYñÂ ³gz*.ç EEE+ÃZ# (b)

MìX Sulphuric acid 

™@*ìZzg*.ç EEE+qÝƒ@*ìX (reduction) Îe*;àgzW‚àÆñ�ŠÏ~³gz*.ç EEE+ÅAs Nickle Alloy (c)

(Side Chain Reaction) ‚àugŠ¿ 3.4.2

ZygŠ¿~*.ç EEE+ÐÝŠzu}¤/z\gŠ¿~zfeìX

',zñ*.ç EEE+ÈZpÅñ�ŠÏ~
!5½54gê

G
YEGI

ŠJ]Æ‚BgŠ¿™@*ìZzg¢545ÿ
E

GEG
!5½54o-ê

G
Y

GEI
G',zâà¯@*ì&¤/&½5é G

YEge”ï (a)

ë÷X (Grignard reagent)

¯@*ìX O-chlorobenzoic acid ™Æ (Oxidation) 7N*ô6,Ôā‚B‰~¿ O-chlorobenzene (b)

',zñ*.ç EEE+ZzgZ
#-Ÿ5ÿ
GE

G',zâàÈZpÅñ�ŠÏ~Îe*ŠJ]Æ‚B¬ï™ÆZ
#-Ÿ5ÿ
GG

G Wurtz-Fitting reaction (c)

*.ç EEE+MìX
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Ullmann Synthesis (d)

qÝƒ@*ìX diphenyl Æ‚BgŠ¿™ä6, (Copper Powder) W-ez*.ç EEE+ÃÈk[~Ã6,0*zgeg

Zgshàk»ÁgŠ¿ 3.5

¬xîg6,Zgshàk~gŠ¿™äÅ&¢AZÉ½5ÿGhàkÐÁƒCìX{mîg6,Ðz{gŠ¿X~»g0ZzgìX
ÆgŠ¿™äÅ&¢AZq-ÜƒCìX (Vinyl Halides) ÆÖ@Å¤/ÄI^YñXZgshàkZzgz&45ÿ GEGhàk

ZgshàkÅÁgëgÐgŠ¿™äÅ&¢AŠzqzVÅcz~™@*ìÔ
»g0Zzg³g+Å¤/ÄÅ¤‰Ü (ii) (Resonance)2 (i)

: (Resonance Structure) ³gz*.ç EEE+Å²)Àö
Y

‚854è
EG

G 3.5.1

nŠc*ŠHìX resonance structure ³gz*.çEEE+ÆÇÕÿ»

~»g0Zzg³g+ÆŠgxyg',~Èlg‚rìZy‚½VÆ (iv) Zzg (iii)Ô(ii) ³gz*.çEEE+Å0*õ²)Àö
YY

‚854è
EG

G÷XZy‚743ð
EG

GV~

~z:heÅZëzzZyÅ*.ç EEE+IÆ»g06,iZZ+Z¼zyÅ »g0�CÙzV6,Z¼zyÅ¶70*ðYCìXZgshàk»

ñ�ŠƒÂ -CN Zzg £â]6,Z¼zyqÝ™äzZá¤/z\‰ para Zzg ortho {¤»0*c*Y**ìXphàk~

W‚ãÐ%œ/I$+à¬5]zZµƒDgìX

»g0Zzg³g+Å¤/ÄÅ¤‰Ü: 3.5.2

»g0Ð SP2-Hybridization zZá»g0ÐÝƒ@*ìX»g0 SP3-Hybridization ZÉ½5ÿGhàk~³g+

Å¤/ÄÅS:] C-Cl ƒCì²Zgs³gZà~ 1.77-180A ÅÈlÅMð C-Cl Á',¹!3©3ï EE
GGg‚rìX»g0³gZàk

ŠtƒYCìZkÐÈlgKZzg¢oƒCìX

(Learning Outcomes) Zõ!}ò 3.6

ZkZ»ð~ëäZgshàkÆ!*g}~Y**X X1

Æ!*g}~¥â]�ÛZëÅˆX meta position Zzg paraÔortho zgwÐ7ic Z Zc ZyÅZzgðÔ X2
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ZgshàkÆ»g~Æ§iŠAXZgshàkÅ6ðS:]ŠBX X3

Æ!*g}~Y**X Resonance Structure Wy~*.ç EEE+Æ X4

(Keywords) ã~ZÖp 3.7

ìX»**xC%“ÐÝƒ**X ì
854jè EE

GIE

§8-»¬ïX (benzene) %œ/I*.ç EEE+ %œ/IpÒŠZg�Šw¬ï
**xC%“»Îe*ŠJ]ÐgáLO¿X Wurtz-Fittig

*.ç EEE+g8-~ñ�Š¤/Ä»õX 2‚|#

�Wx½™@*ìc*;àgzXÃ**xC%“Ð{g`™@*ìX ‰~¬ï

(Model Examination Questions) %:ZJãÎZÑ] 3.8

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

ic*Š{lZg~YzZÑõÝ? X1

X2

eZ,̂z4#ÅÃ6,³gZàÆ‚B¬ï™äÐZy~ÐÃ̈KõÝqÝƒÇX X3
Ammonium Phenyl chloride (b Phenyl chloride (a

Zy~ÐÃð7 (d Phenyl bromide (c

fZ,̂z4#Ð“WzZáZgshàkÃ'''¬ïë÷X X4

í÷¬ï (d âgÃBs¬ï (c ¬ï Wurtz (b 74hå EHn¬ï (a

»g1Wœ/&Ò5ë GGZŒÆ+g#Æ‚BìX¬ï™Æ�Zgshà¯DìZk¬ïÃ'''¬ïë÷X X5

í÷¬ï (d âgÃBs¬ï (c ¬ï Wurtz (b 74hå EHn¬ï (a
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X6

HƒYì? X

Æ‚B¬ï™@*ìÂZy~ÐÃ̈KõÝ (Conc.HNO3+conc.H2SO4)(Chlolorobenzene) Z#³gz\+ X7

qÝƒÇX

ŠzâV7 b Zzg a (d ŠzâV b Zzg a (c

X8

NaOH / Na / Al  (a

»7N*ô6,ÔÆ‚B‰~¿™ä6,HqÝƒÇX O-Chlorobenzene X9

X10

t¬ï''''ìX
¬ï (Fitting) ¢545ë

E
GHEY (b) ¬ï (Wurtz) zgu, (a)

74hå EHn¬ï (d) ¬ï Wurtz-Fitting (c)
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(Short Answer Type Questions) ¿�Z!*]ÆqïÎZÑ] (B

ZgshàkHì? X1
*.ç EEE+Hì?*.ç EEE+Æ!*g}~ZKgZñªCÙ™,X X2

ZgshàkÅ̧]¬5]ZÉ½5ÿGhàkÆ£«ÁìXzŸs#ÙX X3

ZzgÎe*;àgz‚àÅñ�ŠÏ~¬ïÃÒyÙX Nickle alloy ³gz*.ç EEE+» X4

³gz*.ç EEE+ÃZ#]Ó43ð E
GguZŒÆ‚B�lŠc*Y@*ìÂÃ̈KõÝqÝƒ@*ìX X5

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

Åñ�ŠÏ~³g+Æ‚B¬ï™,X AlCl3 Ã̈KõÝqÝƒÇZ#*.ç EEE+ X1

Åñ�ŠÏ¬ïC�X FeBr3 Zzg',z}Å toluene X2

fZ,̂z4#HìZzgZkÐ³gz*.ç EEE+¾§b»gHY@*ìX X3

eZ,̂z4#Å»g~»§iC�X X4
74hå EHn¬ïÆîg6,$©}Ðö

GE
Œ�X X5

Zgshàk%œ/IpÒŠZg�Šw6,¿™D÷zŸs#ÙX X6

@*d¬ï~ZgshàkÆ¬5]C�X Ullmann ¬ïZzg Wurtz-Fitting X7

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

1. Concept of Chemistry by Dr. Mazahar Farooqui , S.V. Kuberkar and S.D. Naikwad.

2. Organic Chemistry by M.S. Chavan

3. Advancod Organic Chemistry by Arun Bahl and B.S Bahl

4. Chemistry for Degree Student by  R.L Madam

5. Objective Chemistry by O.P Agarwal
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:**xCŠJC%·] 4 Z»ð
(Organometallic Compounds)

Z»ðÆZbZ
ā 4.0

£œ 4.1

**xCŠJC%·]Å)®)È~ 4.2

™&½5é G
Y
Ege”5] 4.3

§8gR,~§jÐ™&½5é G
Y
Ege”ïÅ»g~ 4.4

6ðS:] 4.5

¬ï;àgzX6,Œ%·]Æ‚B¬ï 4.5.1

ZÉ½5ÿG 4.5.2

ZÃMÆ‚B¬ï 4.5.3

Æ‚B¬ï eposide 4.5.4

Z®·àÆ‚B¬ï 4.5.5

™yÆ‚B¬ï 4.5.6

ZŒÆ‚B¬ï 4.5.7

ZŒ³gZàÆ‚B¬ï 4.5.8

‚ÑàÆ‚B¬ï 4.5.9

»g0eZñW‚àÆ‚B¬ï 4.5.10

÷Æ‚B¬ï 4.5.11

Æ‚BgŠ¿ Inorganic Halides 4.5.12

Šzu}**xC%·] 4.6

Zõ!}ò 4.7

ã~ZÖp 4.8

%:ZJãÎZÑ] 4.9

'×h+_¬Æa?m,™Š{ÂÁ 4.10
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ā 4.0

**xCŠJC%·]z{%·]ìX~»g0ZzgŠJ]~gZ„ÈlƒCìX
VwÆîg6,

²**xC%“ÆWÐŠJ]»**xÎ™ŠJC**xC%·]Ã**xŠc*Y@*ìX M=K,Na,Li,Ca,Mg,Al,Zn,Cd,Sn,Pb,Hg

VwÆîg6,

»g0 ‡.Þ̈gƒ**ecāZz6,Šbƒñ**xCŠJC%·]Å°p~Îe*$4-āð G
G

W‚àZzgÎe*Z$k543ï GG
H
GH÷áï7ìYèZk~ t!*]

Zy%·]~ŠJ] Zzg ZzgŠJ]ÆÖ@~gZ„Èl7ƒCìX‰

Wx~',Z{gZ„ÈlìZÏat**xCŠJC%·]~÷áï7ƒMhX Zzg

~»g0ZzgŠJ]ÆÖ@#°œë¤/ÄÈlìX)Î° II ~»g0ZzgŠJ]ë¤/ÄÈlÐÈñƒñìXZzĝ I^

~9ßg�wìT~»g06,t!*gZzgŠJ]6,µ!*gƒ@*ìZzg**xCŠJC%·]~¸ III œW-(Èl(Š~^

ßg�w0*ðYCìX
ÅÈl»W-7-S:]ŠJ]Å',¹µ6,«ìX¬xîg6,Z¤/ËŠJ]6,',¹µic*Š{ƒÂZk»W-7- C-M

S:]Ìic*Š{ìX
C-M S:]»°œ IONIC

C-Na 65

C-Li 60

C-Mg 52

C-Al 40

46



C-Zn 38

C-Pb 36

C-Cd 32

C-Sn 28

C-Cu 28

C-Hg 24

z{‚g}ŠJÂV~ƒÐic*Š{ZEwƒDìX‰‰ŠJÂV»W-7-S:](,fì (Mg) Zzg
!5»4o-

ê
G

Y
EI

G (Li) Zy~
É4-Ÿ-

ê

E
G

G

ƒÐ!¬ï™äÅw R-Na **xCŠJC%·]Å¬ï™äÅÌS:](,|YCìXZz6,Š~ˆz„Æˆ[Ð

gnp÷X**xCŠJC%·]ƒóÐmƒä6,¹ic*Š{¿È÷Zzg0*ãÐ6,ŸŠîg6,¿™D÷ZzgZy»Z̀!*wic*Š{ƒ@*ì
~W‚ãÐ (Non-Polar Solvent) Zzgt)ªÎß.$ (Non-Volatile) TÅzzÐz{¬xŠgzwZg]6,W‚ãÐ7ZhD

die thylmercury Zzg Tetraethyllead i7ƒDXZ#āŠzu~§sz{%“�ic*Š{ë¤/ÄÈlg‚rì‰

6,W‚ã (room temp) Zy%·]Å¬ï™äÅ&¢AÁƒCìƒZ~LgT÷¬xŠgzwZg]

‰ZpZzg
!5½54g

ê
G

Y
E
G
I

ÅZz‰W-7-™ŠZgÅzzÐ‚0ZVZy~¹ŠpŠ3D÷X Non-Polar solvents ÐZhYD÷Zzg

Yèt**xC%·]W‚ãÐ»gƒD÷ZzgZ7eÜÌW‚yƒ@*ìZzgtµ¦”5]}¹ic*Š{ZÌ»qïìX

£œ 4.0

ZkZ»ð~ëW\Ã**xCŠJC%·]Å¥â]ZzgZyÆ»g~Æ§iZzgZEÑ]Æ!*g}~CNÐX X1

ZkZ»ðÃ7,"ÆŴ\Zk‡.ÞƒYNÐāW\ŠJC**xC%·]ÅŠgzÈ~™ÃÐX X2

¤/&½5é G
Y
Ege”5]Å»g~Æ§i¥x™BÐX X3

ZyÆZEÑ]ÃYy™W\¥â]~ZŸ†™,ÐX X4

¤/&½5é G
Y
EgegÐ»Šzu}**xC%·]Æ‚B¬ïÅzŸs#™ÃÐX X5

**xCŠJC%·]Å)®)È~ 4.2

**xCŠJC%·]Å)®)È~Æ¹‚g}§i÷

)®)È~»ª§i: 4.2.1

**xC%·]X Mixed Zzg (simple) Zk§i~**xCŠJC%·]ÅŠz§bÐ)®)È~ÅˆìZq-‚Š{

: (Simple Organometalic Compounds) Ó**xCŠJC%·] (A

t%·] tz{**xCŠJC%·]ìX~ŠJ]',Z{gZ„Üs;àgz»g0ÐÝƒX‰

)_“ _“Zzg Ô & )_“5+k,ƒMhì c*(Symmetried) _“
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: Mixed Orgonometallic Compound (B

Ô tz{**xCŠJC%·]ìX~;àgz»g0ZzgŠJ]Æ´z{Šzu}�CÙÌ÷áïƒDì‰

z){X

)®)È~»ŠzuZ§i: 4.2.2

**xCŠJC%·]Å)®)È~Zk§bÌÅY$ËìX
: (derivatives of main group element) Zë¤/z\ÁÜÆõÝ (A

Zzgjc*:iF̂ŠJ' (alkali metal) ë¤/ÄÈl¯D÷X'¨~ŠJ' (σσσσ) t**xCŠJC%·]¬xîg6,]À)é
Y

Ãgh™�āic*Š{F,W-7-%·]¯D÷X (alkaline earths metals)

þ: (Derivatives of transition elements) ÁÜÆõÝ Transition (B

ÈlÆfg=¯D÷X -II ÁÜ**xCŠJC%·] Transition 

)®)È~»ŠZ§i: 4.2.3

ŠJ]Zzg»g0ÆÈl6,«**xCŠJC%·])®)È~ÅˆX
: Ionic Organometalic compound W-7-**xCŠJC%·] (A

Zy%·]~;àgz»g0Z,»g0Å§bñ�ŠƒD÷X6,t!*gƒ@*ìZzgt»g0ŠJÂVÐ�¸]Æfg=
¢ïÐÈñƒD÷X

Èlë¤/Ä**xCŠJC%·]: (σ) _5À)é G
Y

(B

ÁÜÐ¶ƒD÷‰ Non.transition Z,%·]�

ÈlÌ÷áïƒCì‰ -ππππ ŠJ'Ì**xC%·]Æ‚B]À)é
Y

Èl¯D÷pZkÆ‚BZŸ°îg6, Transition

z){

(Grignard Reagent) ¤/&½5é G
Y
Ege”5] 4.3

(Victor X**xCŠJC%·]~Wgµ43ð
Y

G
E
!5»4o-

ê
G

Y
EI

GhàƒÐic*Š{ZÌÆqïìXZkç5]Ã«!*gzI¤/&½5é G
Y
Ege

~¯c*åZzgZEwHåZÏaZk”ï»**xZkÆZXŠ™Š{‚0ZVÆ**x6,g3ŠHXzI¤/&½5é G
Y
EgeìÃZk 1900äGrigned)

â.ÞZÅxÐâZiZŠHX 1912 ZXŠÆa
ÐªCÙHY@*ìXZ#ā R-Mg-X ¬xîg6,¤/&½5é G

Y
Ege”ïÃ

R = ZÃLÔZÉ½545ÿ
G
E

GÔZÃ&45ÿ
G
E

Gc*Zgs

R = (alkyl, alkanyl, alkynyl or aryl group)    

X = Cl, Br, I
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§8gR,~§jÐ¤/&½5é G
Y
Ege”ïÅ»g~ 4.4

Laboratory method of Preparation of Grignard reactant

Zzg
!5»4o-

ê
G

Y
EI

GŠJ]~ZpÅñ�ŠÏ~¬ï™Æ (alkylhalid) ¤/&½5é G
Y
Ege”ïÃ§8gR,~~»g™äÆaZÃLhà

¯c*Y@*ìX

  

�¤/&½5é G
Y
Ege¯äÆaZEwƒ@*ìZkÅ¬ï™äÅF,(Zk§bìX (R) ŠbƒñZÃL¤/z\

RI > RBr > RCl

»²wÈZp~»g™1Y@*ìZzgŠzu~§s
!5»4o-

ê
G

Y
EI

Gg0 (alkyl halide) §8gR,~~¤/&½5é G
Y
Ege”ï»g™äÆaZÃLhà

ÌÈZp~»g™1Y@*ìŠzâV²wÃZq-Šzu}~%“™1Y@*ìZzg%“KYäÆˆ (magnesium ribbon)

ŠzâV²wW:¬ï™Æ¤/&½5é GYEge”ï»g™D÷X»gHƒZ¤/&½5é G
Y
Ege”ï̄g~îg6,ZEwHY@*ìX

¤/&½5é G
Y
Ege”ï~Zp»¹Zëgzwìā¤/&½5é GYEge”ï~ZpÆZEwÃá™tCc*Y@*ìāZq-¤/&½5é G

Y
Ege”ïÆ

¯D÷X (complex) %“ÃŠzZpÆWx�CÙï™Zq-ë{%“

ZpÆŠz%“
!5½54o-

ê

G

Y
E
G
I
GÆ‚B

%“ (complex) ï™ë{

¯D÷X

k̂ƒD÷X non-volatile ¤/&½5é G
Y
Ege”ï"g8-Zzg)L

(Chemical Properties) 6ðS:] 4.5

ƒD÷XT~»g0
!5½54g

ê
G

Y
E
G
I

Ð polar ë¤/ÄÈlÐÈñƒD÷pt¹ic*Š{ C-Mg ¤/&½5é G
Y
Ege”ï~

ic*Š{',¹!3©3ï
EE

G
Gg‚rìX»g0Zzg

!5»4o-
ê

G

Y
EI

GÆÈlÆZ¼zy»qî»g0Æ§svƒ@*ìTÆ³~»g06,ðhZt!*gWY@*

ìZzg
!5»4o-

ê
G

Y
EI

G6,µ!*gWY@*ìX

ƒDìZÏaZk»g0Ã (electron rich) ¤/&½5é G
Y
Ege”ï~�ZÃL¤/z\ñ�Šƒ@*ìZkÆ0*kic*Š{Z¼zy

ZyK6,ú™DgìXÆ0*kZ¼zyÅ¶ƒCìXZÏ carbonion ë÷Xt nucleophilec*(carbonion) »g0W-y
¬ï™äÅ{¤gnp÷X Nucleophilic addition c*Nucleophilic substitution a¤/&½5é G

Y
Ege”ï
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¤/&½5é G
Y
Ege”ï»g1B%“6,ú™@*gìTÅzzÐZŸ° : (Nucleophilic Addition Reaction) %œ/IZŸ°¬ï

%“qÝƒD÷XÅ;àgzÉ4m
ø

G™ä6,ZÈiZŒZzgŠø7[ƒD÷X

¤/&½5é G
Y
Ege”ï½âX%·]Æ‚B¬ï™@*ìZy~Ð¼@*dZEÑ]qgzfs÷X

 ¬ï;àgzX6,Œ%·]Æ‚B¬ï 4.5.1

(Reaction with Compounds Containing Active Hydrogen)

¬ï;àgzXz{;àgzXìXÅ!ZšMic*Š{ƒX%·]‰0*ãZÈiZzgZkÐÝ;àgzXÃ¬ï;àgzX
¯D÷X (alkane) ë÷¤/&½5é G

Y
Ege”ïÐ¬ï™ÆZ9

ZÃLhàÆ‚B¬ï: 4.5.2

Šø7[ƒD÷X (alkene) c*Zp (alkanes) ¤/&½5é G
Y
Ege”ïZÃLhàÆ‚B¬ï™DìÂZz‘ZÉ½54ø

G
E

ZÃMÆ‚B¬ï: 4.5.3

alkyl alkynylmogenesium ¤/&½5é G
Y
Ege”ïÆ‚B¬ï™Æ (terminal alkynes) R,ìZÃ"

áCì�ZÃLhàÐ¬ï™ÆZZZÃKŠêìX halide
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Æ‚B¬ï: Epoxides 4.5.4

Æ»g0Æ‚B¬ï™DìZk¬ïÆ³~ Epoxide (Nucleophile) ¤/&½5é G
Y
Ege”ïZq-¤!g%œ/5+k,

»g7-ÁY@*ìZzgZÈiŠø7[ƒD÷X epoxide

Z®ŒàkÆ‚B¬ï: 4.5.5

ZÈiŠï÷X (Primary or secondary) Z®ŒàkÔ¤/&½5é G
Y
Ege”ïÆ‚B¬ï™ÆZ’ZðZzgU*â~

Z#¤/&½5é G
Y
Ege”ïÆ‚B¬ï™D÷Â6,ZÎ~ZÈiqÝƒD÷X formaldehyde (a

ZÈiXìX (secondary) Šzu}Z®ŒàZ#¤/&½5é G
Y
Ege”ïÐ¬ï™D÷ÂU*â~ (b

™yÆ‚B¬ï: 4.5.6

ZÈi¯DìX (Tertiary) ™y¤/&½5é G
Y
Ege”ïÆ‚B¬ï™Æ�O
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ZŒÆ‚B¬ï: 4.5.7

ZÈi¯DìTÆŠzu}ZŒ�O (secondary) Ð¬ï™ÆU*â~ formic ester  ¤/&½5é G
Y
Ege”ï
ZÈi¯D÷X (tertiary)

Ð¬ï:t¬ïŠz%ÖV6,Œ÷X ethyl formate (a

ª%³:Z
#-£

ÿ
GG

Ãgó¤/&½5é G
Y
Ege”ïÐ¬ï™Æ¬Z®Œà¯DìX

Šzu}%µ~Zq-Zzg¤/&½5é G
Y
Ege”ïÆ‚B¬ï™@*ìZzgU*â~ acetaldehyde ŠzuZ%³:¬%µ~¯ƒZ

ZÈiŠø7[ƒD÷X

Æ‚BgŠ¿: ethylacetate (b

Æ‚B¤/&½5é G
Y
Ege¬ïŠz%ÖV6,Œ÷X ethylacetate

ª%³:Z
#-£

ÿ
GGZ_545å GHGHZ#¤/&½5é G

Y
Ege”ïÆ‚B¬ï™Æ¬™y¯D÷X

ŠzuZ%³:¬%³~gTƒñ™yZq-Zzg¤/&½5é G
Y
Ege”ïÆ‚B¬ï™Æ�OZÈi¯D÷X
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Z±³gZàÆ‚B¬ï: 4.5.8

¤/&½5é G
Y
Ege”ïZ#Z±³gZàÆ‚B¬ï™D÷Â™yŠø7[ƒDìX

‚ÑàÆ‚B¬ï: 4.5.9

Æ‚B;àgzÉ4h4ø
GG™ä6,™yŠø7[ dil HCl ¤/&½5é G

Y
Ege”ï‚ÑàÆ‚B¬ï™ÆZŸ°õÝŠï÷X»

ƒD÷X

»g0ŠZñW‚àÐ¬ï: 4.5.10

qÝƒD÷X (Carboxylic acid) ¤/&½5é G
Y
Ege”ïZzg»g0eZñW‚àÆ¬ïÐ»g1W·.çE&ÓëGZ±

÷Æ‚B¬ï: 4.5.11

XìX thioalcohal ÷Z#¤/&½5é G
Y
Ege”ïÆ‚B¬ï™DìÂ&4-@î E

G
G

E~

Æ‚B¬ï: Inorganic Halides 4.5.12

Æ‚BgŠ¿™äìÂŠzu}**xC%·]»gƒD÷X inorgonic halide ¤/&½5é G
Y
Ege”ïZ#
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(Other Orgonomentalic Compound) Šzu}**xCŠJC%·] 4.6

(Organolithium Compound) WgJ
É4-Ÿ-

ê
G
G

G%·] 4.6.1

WgJ
É4-Ÿ-

ê
G
G

G%·]¤/&½5é G
Y
Ege”ïÅ§b',@*î™D÷X

(Learning Outcomes) Zõ!}ò 4.7

ZkZ»ð~ëä**xCŠJC%·]Æ!*g}~¥â]qÝÅX
**xCŠJC%·]Æ**x™»§iŒX

Zy»%œ/I~ZŸ°gŠ¿Æ!*g}~Y**X

**xCŠJC%·]Å)®)È~-X

¤/&½5é G
Y
EgeÆ»g~Æ§iŠA6ð¬5]Æ!*g}~¥â]qÝÅX

Zzg¤/&½5é G
Y
Ege”ïÆ´z{Šzu}**xCŠJC%·]Æ!*g}~'×h+¥â]qÝÅX

(Keywords) ã~ZÖp 4.8

**xC%·]�ŠJ]ÐÝƒD÷X **xCŠJC%·] X1

%œ/I%“X %œ/IZŸ°õÝ X2

**xC%“X Symmetric _“ X3

**xC%“X Unsymmetric )_“ X4

R-Mg-X ¤/&½5é G
Y
Ege”ï X5

R-Li Wgµ43ð
Y

G
E
Å54-ā

ê

GE
G

%·] X6

54



(Model Examination Questions) %:ZJãÎZÑ] 4.9

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

Šgzfs~Ð**xCŠJC%·]»ZN[™�X X1

%“»**x   X2

1-Benzylmagnesium bromide (b Benzylmagnesium bromide (a

Magnesium bromo phenyl (d Phenylmagnaesium bromide (c

¤/&½5é G
Y
Ege”ï~ZEwƒäzZàŠJ] X3

Li (d Sa (c Mg (b Na (a

Ã́ŠJC)®)Ðmg‚rìX X4

**xCŠJC%“  Mixed (b **xCŠJC%“ (simple)Ó(a

Zy~ÐÃð7 (d ÁÜÆõÝ Transition (c

?solvent ¤/&½5é G
Y
Ege”ï~ZEwƒäzZÑ X5

diethyl ester (b Ethylmethylether (a

diethylether (d ethylmethyl ester (c

¤/&½5é G
Y
Ege”ïËÌ6ð%“Æ‚B¬ïÆ6§i»g6,¿™@*ìX X6

%œ/IZyZY¬ï (b %œ/IZŸ°¬ï (a

Z¼zyIZyZY¬ï (d Z¼zyIZŸ°¬ï (b

X7

qÝƒäzZÑõÝHƒÇ?
Alkane (b Alkene (a

Alkyne (d Alkylhalid (c

Æ‚B¬ï™DìÂqÝƒäzZÑõÝ? epoxideZ#Methylmagnesium bromide X8

™y (d Z®Œ[+ (c Zp (b ZÈi (a

Z’ZðZÈi X9

HƒYì? X

‚Ñà (d hà (c ™y (b Z®Œà (a
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X10

HƒYì? [A]

Ãð7 (d �OZÈi (c U*â~ZÈi (b Z’ZðZÈi (a

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

**xCŠJC%·]Æ!*g}~CNX X1

»g0ZzgŠJ]ÆÖ@ÆÈlÆZzgW-(S:]ÆmÐ¥â]�ÛZë™,X X2

**xCŠJC%·]~
!5»4o-

ê
G

Y
EI

GZzg
É4-Ÿ-

ê
G
G

GŠJ]»ic*Š{ZEwÅzzC�X X3

¤/&½5é G
Y
Ege”ïHìZzgZk~Ã́ŠJ]ZÃL¤/z\ÐÝƒCìX X4

ZEwƒ@*ìYV? diethylether ¤/&½5é G
Y
Ege”ï~ X5

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

**xCŠJC%·]Å)®)È~ÙX X1

¤/&½5é G
Y
Ege”ïÅ»g~Æ§j-C�X X2

¤/&½5é G
Y
Ege”ïÐZp¯ä»-§i»gC�X X3

(Suggested Books for Further Readings) '×h+_¬Æa?m,™Š{ÂÁ 4.10

1. Advanced Organic Chemistry by Bahl and Baht

2. Advanced Chemistry by Dr. Mazhar Farooqui.

3. Organic Chemistry by Jonathan Claden, Nick Grrves, Stuart Waseem

4. Morden Organic Chemistry by Jagadamba Singh and Anandvardhan

5. Solomons and Fryhles Organic Chemistry by M.S Chauhan

///
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:ZÈi 5 Z»ð
(Alcohol)

Z»ðÆZbZ
ā 5.0

£œ 5.1

)®)È~ 5.2

(Monohydroxy Alcohol) ñâ;àgzËZÈi 5.2.1

(Dihydroxy Compound) eZñ;àgzË%·] 5.2.2

(Polyhydroxy Compound) 7à;àgzË%·] 5.2.3

Âxl 5.3

¬x**x 5.3.1

Âxl IUPAC 5.3.2

ZÈiÅ»g~Æ§i 5.4

ZÃLhàk 5.4.1

Z9Ð»g~ 5.4.2

Z®ŒàZzg™yÅ¹ 5.4.3

¤/&½5é G
Y
EgegÐÐ»g~ 5.4.4

ZâbÐ»g~ 5.4.5

ZpkÆfg=»g~ 5.4.6

Ð»g~ Baveault-Balance Reaction 5.4.7

ZÈiÅS:] 5.5

ZÈi»6ð¬ï 5.6

ZÅ¹ÐöŠJ]»ZW, 5.6.1

Wgµ45ë YGEZŒ»ZW,)**xC!Z[»ZW,( 5.6.2

(Acylation) Z‚&Ó4jè
J
G
I
E 5.6.3

¤/&½5é G
Y
EgegÐ»¿ 5.6.4
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;àgzË¤/z\Åp~ 5.7

;àgzXhàk»ZÈi6,ZW, 5.7.1

Ã`gkˆàk»ZÈi6,ZW, 5.7.2

ZÈiÐ0*ã»ZyZ` 5.7.3

ZÈiÅ‰ 5.7.4

†rÖ 5.8

†rÖ»Âxl 5.9

†rÖ¯äÆ§j 5.10

Æfg=»g~ (alkene) »ZEw™ÆZ9 Osminum Tetraoxide 5.10.1

Å»g~~ZEwƒäzZÑ§i 5.10.2

6ð¬ï 5.11

ZŒÆ‚B¬ï 5.11.1

Æ‚B‰~¿ Lead Tetra Acetate 5.11.2

Æ‚B‰~¿ Periodic Acid 5.11.3

Pinacol-Pinacolane Rearrangement 5.11.4

ZEÑ] 5.12

Zõ!}ò 5.13

ã~ZÖp 5.14

%:ZJãÎZÑ] 5.15

'×h+_¬Æa?m,™Š{ÂÁ 5.16

ā 5.0

¤/z\Îc*YñÂYzZÑ%“ZÈiB@*ìX̂gCeä6,ZÈi{xâw hydroxy Z9ÆZq-;àgzÂÃps™Æ

Æîg6,¹ic*Š{ZÌÆqïìX¹‚g}%·]Æ¡¦îg6,»g~ÆaZÈiÃ{xâwÆîg6,¹(,}eä6,
ZEwHY@*ìX
VwÆîg6,
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£œ 5.1

ZkZ»ð~ëW\ÃZÈiÆ!*g}~CNÐX X1

ZkZ»ð~ZÈiÅ©VÆ‚B‚BZyÅ)®)È~ÌŒNÐX X2

Æ§iÐ**xŠ}nX IUPAC ZkZ»ðÃ7,"ÆŴ\Zk‡.ÞƒYNÐÆW\ZÈiÃ X3

§8gR,~§iÐZÈiÅ»g~YyÃX X4

ZÈiÅŠzu}%·]Ð¬ïÆ!*g}~¥â]Š~YñÏX X5

ZkZ»ð~ZÈiÅŠzu~n†VwÆ!*g}~¥â]�ÛZëÅYñÏX X6

Zk~W\†rwÆ»g~Æ§iZÐX X7

†rwÅŠzu~%·]Æ‚B¬ïZzgZkÆZEÑ]Æ!*g}~¥â]Š~YñÏX X8

)®)È~ 5.2

ZÈiÃZy%·]~ñ�Š;àgz¢¤/z7VÅ®ZŠÆˆ[Ð&Zlx~„HŠHìXñâ;àgzË
XPolyhydroxy Zzg7à;àgzË Dihydroxy eZð;àgzË (Monohydroxy)

ñâ;àgzËZÈiÃ'×h+&)oV~„HŠHìX
(Tertiary Alcohol) �OZÈi (c (Secondary Alcohol) U*â~ZÈi (b (Primary Alcohol) Z’ZðZÈi (a

Zzg�O Secondary Z’ZðÔU*â~ Primary ÃyÐ (hydroxy) t)®)È~Zk!*]6,«ìā;àgzË¤/z\
»g0ÐÝìX Tertiary

(Monohydroxy Alcohol) ñâ;àgzËZÈi 5.2.1

ŠZ4™äÐ�%·]»gƒD÷Z7ñâ (Hydroxy group) Z9ÆZq-àgzX�CÙÅ(Zq-;àgzË¤/z\
ë÷X (Monohydroxy alcohol) ;àgzËZÈi
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ñâ;àgzË%·]Å'×h+&”V~)®)È~Åˆ÷X
(Primary Alcohol) Z’ZðZÈi   (i)

ë÷XZÐ (Primary alcohol) z{ZÈi%·]X~;àgzË¤/z\Z’Zð»g0ÐÝƒZ7Z’ZðZÈi

ÐªCÙHY@*ìX‰

(Secondary Alcohol) U*â~ZÈi (ii)

(Secondary ÐÝƒZ7U*â~ZÈi (Secondary carbon) z{ZÈi%·]X~;àgzË¤/z\U*â~»g0
ÐªCÙHY@*ìX ë÷XZÐ alcohol)

(Tertiary Alcohol) �OZÈi (iii)

ÐªCÙHY@*ìX z{ZÈiT~;àgzË¤/z\�O»g0ÐÝƒZÐ�OZÈië÷ZzgZÐ

(Dihydroxy Compound) eZñ;àgzË%·] 5.2.2

Z9ÆZq-„»g0ÆŠz;àgzXc*Zq-%“ÆŠzZµZµ»g0Æ;àgzXÃps™Æ;àgzË¤/z\Îc*
YñÂeZð;àgzË%“BD÷XVwÆîg6,

(Polyhydroxy compound) 7à;àgzË%·] 5.2.3

Z9Æ&c*&ÐiZZ+;àgzXÃ;àgzË¤/z\ÐpsHYñÂ7à;àgzË%·]BDìX
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(Nomenclature) Âxl 5.3

(Common System) ¬xÂxl 5.3.1

¤/z\ÐÝ (hydroxy) - OH ÃZÃLZÈi**xŠc*ŠHìXZÃL¤/z\� (R-OH) Zk¬xÂxl~ZÈi
ìZkÆ**xÆWÐZÈiÎc*Y@*ìX

Âx: IUPAC 5.3.2

ÂxÆZßwqgzfsìXT~ƒÐ¬ IUPAC

ZgZW¦gHY@*ìX (Parent) XZkiîÃc.$ g0ÅƒÐDiî»ZN[HY@*ìXTÐ;àgzË¤/z\�hZƒZƒ » (i

¤/z\ÃÁÐÁ�AX (-OH) DiîÆ»g0ÃZk§b�Šc*Y@*ìā;àgzË (ii

¤/z\ÃZÏ»gµ�ÐªCÙHY@*ìTÐz{aZìX (OH) ~;àgzË Parent alkane (iii

Ãe�Šc*Y@*ìX (double bond) DiîÐÝŠzu}¤/z\c*ŠzÈÙ¤/Ä (iv

Îc*Y@*ìX‰ (ol) ïw™ (e) ;àgzË%“ÃZ9%“Ð (v

Formula Common Name IUPAC Name

Methylalcohol Methanol

Ethylalcohol Ethanol

n-Propyl alcohol 1-Propanol or propan-1-ol

iso-Propyl alcohol 2-Propanol or propan-2-ol

n-Butyl alcohol 1-Butanol or buton-1-ol

sec-Butyl alcohol 2-Butanol or butan-2-ol

Tert-butyl alcohol 2-Methyl propan-2-ol
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2-Methylpentan-3-ol

3,3-Dimethyl butan-2-ol

tert-Pentyl alcohol 2-Methyl-2-butanol

neo-Pentyl alcohol 2,2-Dimethyl-1-propanol

1-Chloro-3,3-dimethyl-2-butanol

ZÈiÅ»g~Æ§j 5.4

ZÈiÅ»g~Æ¹‚g}§jŠø7[ìX@*ëZ’ZðâŠ}ÅâÎÅãCŠ6,Zy~qgzfsÃÀòîg6,ZëŒY@*ìX

ZÃLhàkÐ»g~: 5.4.1

ZÃL³gZàÃÎe*;àgz‚àÆ‚B0*ã~¤/x™ä6,ZÈiqÝƒD÷X

U*â~ZÃLhàZ¤/ZÃ¢Æ‚B¬ï™}ÂU*â~ZÈiŠø7[ƒVÐX

Zk§jÐZ’ZðÔU*â~Zzg�OZÈi!*nKMZ’ZðÔU*â~Zzg�OhàkÐqÝGYMhìX

Z9Ð»g~: 5.4.2

Æ�ZÃL;àgzXÜ Markovnikoff's Rule Z9Z#ËguZŒÆ‚B¬ï™DìÂ¬%µ~
¯@*ìX»;àgz:™ä6,ZÈiŠø7[ƒDìXVwÆîg6,
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Z
#-Ÿ5

ÿ

GG

GZÈigh™Zk§iÃZEw™ÆŠvZ’ZðZÈi»g7KYMhX

(By Reduction of Aldehydes and Ketones) Z®ŒàZzg™yÅ¹Æfg=»g~ 5.4.3

Z®ŒàZzg™yÅ¹™äāqgzfsfgZùìX
Ð»g~: (Na-Hg) Îe*Z$ÓÀê

Y

5.4.3 a

Ð¹™ÆZ’ZðZzgU*â~ZÈi»gGYDìX (Na-Hg) Z®ŒàZzg™y»Îe*Z$ÓÀê
Y

Îe*Z$ÓÀê
Y

Z#0*ãÆ‚B¬ï™@*ìÂÎe*;àgzW‚àÆ‚BŠz&4h4ï E
G
EH;àgzXŠø7[ƒD÷XZzgt&4iï EGH;àgzX

Z®ŒàkZzg™yÅ¹™D÷X

Æˆ!*nKMZ’ZðZzgU*â~ZÈiŠï÷X (reduction) Z®ŒàZzg™y¹

(By Catalytic Hydrogenation) ´45éG
HÅ545ë GHG;àgz854jè E

E
G
I
EÆfg= 5.4.3 b

6,¹™@*ìZzg!*nKM (140 OC) 413K Æñ�ŠÏ~ (Ni or Pt) Z®ŒàZzg™yÃ;àgzXŠHkÔoc*ö
"54-

ê

H
G
G
G

Z’ZðZzgU*â~ZÈiŠêìX

Îe*1gz;àgZàÆfg=þ: 5.4.3 c

ic*Š{F,ZÈiÅ»g~Æa§8gR,~~ÔZ®ŒàZzg™yÅ¹Æá45éGHÉ45ëGH;àgzXÆOñÎe*1gz;àgZà
ZEwHY@*ìYèÎe*1gz;àgZà0*ã~7g~§bÐi5+k,ìX

t»g1BÆZq-0*ñÈlZ9zyÃWx6,ps™@*ì (hydrogen doner) Zk¹~Îe*1gz;àgZàÔ;àgzXŠêìX
ìz{1gzy6,ú™@*ìXZzg (Negative charge) 0YD÷XWxT6,tega (pole) TÐ%“6,µZzgpÚ

¯D÷X (Tetra alkoxy borate) Ðpsƒ™6ZÈZË1gf$ (Alkoxy) Îe*;àgz1gzyÆegzV;àgzXZÈZË
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»;àgzÉ4h4ø GG™ä6,ZÈiŠø7[ƒD÷X tetra alkoxy borate

Å¹™ä6,U*â~ZÈi»g™Mh÷X (ketone) ZÏ§bZ¤/™y

Ð»g~ (Grignard Reagent) ¤/&½5é G
Y
EgegÐ 5.4.4

¤/&½5é G
Y
EgegÐÐZ’ZðÔU*â~Zzg�OZÈi¯Mh÷X

Z’ZðZÈiÅ»g~þ: (i

¯gâ®ŒàZ#ËÌ¤/&½5é G
Y
EgegÐÐ¬ï™@*ìÂZ’ZðZÈi»gƒD÷X

U*â~ZÈiþ: (ii

Z®Œà)¯gâZ®ŒàÃgh™(¤/&½5é GYEgegÐÐÈZpÅñ�ŠÏ~¬ï™}ÂU*â~ZÈi¯D÷X

�OZÈiþ: (iii

¤/&½5é G
Y
EgegÐÐ�OZÈi»gGYMh÷XZ#™y¤/&½5é G

Y
EgegÐÐÈZpÅñ�ŠÏ~¬ï™@*ìÂ�O

64



ZÈi»gƒD÷X

Z~¢45ë EGH6,ZÎ~Zâ": 5.4.5

6,ZÎ~Zâ"Z#**¶zkZŒc*Îe***J^Zzg;àgz³gq-ZŒÆ‚B¬ï™DìÂZÈi»gƒD÷X

(ZÈi¯Mh÷XZk§jÐ“WzZáZÈiÅS:]ZâíÆ 1»  Ô2 Zzg» 3 Zk§jÃZEw™ÆZ’ZðÔU*â~Zzg�O)»
»g06,«ƒCìX

ZpkÆfg=»g~: 5.4.6

ZpkÃËguZŒÅñ�ŠÏ~;àgzÉ4mø G™ä6,ZÈiŠø7[ƒD÷X
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: Boveault-Blance Reaction 5.4.7

ë÷X Boveault-Balance Reaction Îe*ZzgZ
#-Ÿ5

ÿ

GG

GZÈiÅñ�ŠÏ~¹™D÷óZk¹Ã ester

ZÈiÅS:] 5.5

âù^~0*ñ (room temprature) J-ƒCìz{¬xŠgzwZg]6, 12Ð11 ic*Š{F,¬xZÈiX~»g0Å®ZŠ
YD÷XZÈi»Z̀!*wZ9ÔZÃLhàkÔZ®ŒàÐic*Š{ƒ@*ìX

ìXŠzâV%·]»¿CziyZq-6ƒäÆ ìZzg̀Z!*w 46 VwÆîg6,:Z
#-Ÿ5

ÿ

GG

GZÈi»¿Cziy

~�CÙZq-Šzu}Ð¹ic*Š{ŒÛd$ZzgZq- (ethanol) �ÛtÅzz�CÙzVÅÈlƒ$ËìXZ#-£43ð G
G

G
Ew !*�Š̀Z!*w~

Šzu}Ð¢ïÐ�h}ƒD÷XZkaZ7Âhä~ic*Š{ÂZ**ðŠg»gƒCìXZyÅ¢ïÅŠzzzìX
ZÈiÆ�CÙZq- Hydrogen bonding ;àgzXÈl (ii dipole-dipole-attraction eZ/wDeZ/wZR,Z̈ (i

Šzu}ÐŠz�CÙÆÖ@ñ�ŠeZ=wæÐÈñƒñƒD÷XTÅzzÐ%“6,µZzgteg`»gƒD÷X

(Chemical Reaction) ZÈiÅ6ð¬ï 5.6

ZÈiZ#6ð¬ï™@*ìÂZk¬ï~;àgzË¤/z\Šzu}¤/z\Ðpsƒ™*%“áCìX

ZÅ¹ÐöŠJ]»ZW,: 5.6.1

ZÈiZ#Îe*Zzg7N*ôŠJ]Æ‚B¬ï™ÆZÃW‚à¯D÷Zzg‚B~;àgzX’Ã{g`™D÷X
VwÆîg6,

Wgµ45ë YGEZŒ»ZW,)**xC!Z[»ZW,(: 5.6.2

Æ‚B¬ï™Æ Carboxylic acid Åñ�ŠÏ~»g1±k5ëGZŒ ZÈi{ØËguZŒ

ë÷X esterification ¯D÷XZk¬ïÃ  esters Z_2.çGHk

}

{ØËguZŒÅñ�ŠÏ~¬ï™ÆZ
#-Ÿ5

ÿ

GG

G

$4-Ÿ5
ÿ
G
G

GZ7¯D÷X (Acetic acid) Z
#-Ÿ5

ÿ

GG

GZÈiZzgZ$k5ë GHZŒ

(Acetylation) Z‚
"5Òj

è

J
G
I
E 5.6.3

»;àgzX�CÙ (-OH) Z#ZÈiZ$h45ÿ G
H

G³gZàc*Z$k5ë GHZ.àgZeÆ‚B¬ï™@*ìÂZÈi~ñ�Š;àgzË¤/z\
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B@*ìX (acetylation) ¯@*ìZzgt¿Z]45Ó4jè
H
GG
I
E (ester) Z

$h45
ÿ
G
H

G¤/z\Ðpsƒ™Z7

VwÆîg6,

¤/&½5é G
Y
EgegÐ»¿þ: 5.6.4

ZÈi»¤/&½5é G
Y
EgegÐÐ¬ï™ä6,;àgz»g0Šø7[ƒD÷X

;àgzË¤/z\Åp~ 5.7

¤/z\(;àgzË¤/z\vƒ™ŠzuZ¤/z\Z9ÐÝƒY@*ìX -OH ZÈiÆZ,6ð¬ïT~ZÈi»)

;àgzXhàk»ZÈi6,ZW,: 5.7.1

ZÈiZ#;àŠzXhàkā‚B¬ï™DìÂZÃLhàŠø7[ƒDìX

ëìXZµZµ;àgz (Lucas reagent) Æ²wÃß»kgÐ (Conc. HCl) Zzg{Ø;àgz³guZŒ

XhàkÅZÈiÆ‚B¬ï™äÅ&¢AÌZµZµƒCìX
HCl > HBr > HI

ZzgZÈi»;àgzXhàÆ‚B¬ïÅ&¢AÌ¼Z+ìX
Tertiary alcohol > Secondary alcohol > Primary alcohol

Ã`gkhàk»ZÈi6,ZW,þ: 5.7.2

ZÈiÃ`gk³gZàÔ',zâàZzgW-eZàÆ‚B¬ï™Æ!*nKMZÃL³gZà',zâàZzgW-eZàŠïìX
†ê
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ìX XZÏnZyÃ»g™äÆnÃ`gkÃ!*nKM',z}ZzgW-e&4èGGEÆ‚B¬ï™**7,@* (7ì Stable L) Zzg

ŠzâV)ZÈiZzg;àgzË¤/z\(~÷áïgŠ¿: 5.7.3

(Dehydration) 0*ãÆ%“»ZyZ`

Šø7[ƒD÷XZ’ZðZÈiÃZ# (Alkene) Åñ�ŠÏ~�lŠc*Y@*ìÂZ9 dehydrating agent ZÈiÃZ#

6,�lŠ¶6,Zq-0*ã™%“»ZyZ`ƒ@*ìZzgZ9 350OC Åñ�ŠÏ~ 6,c*170OC {ØËguZŒÅñ�ŠÏ~

qÝƒDìX (Alkene)

Ã 2-propanol W‚yƒ@*ìXVwÆîg6, dehydration ZÈi» (secondary and tertiary) U*â~Zzg�O

qÝƒD÷X propene 6,�lŠ}Â 100OC (373k) Æ‚B 60%

qÝƒD÷X iso-butylene 6,�lŠc*YñÂ (363K) 90OC6,20% Ã tert-Butyl alcohol

ƒ@*ìÂŠzZ9 dehydration »Z# (secondary and tertiary unsymmetry) U*â~Zzg�O)pÐƒZÈ7Òø

�ÐZq- (Butene) HYñÂŠz§bÆç” dehydration» 2-Butanol »FMìVwÆîg6,Z# (alkene)

�ÁlZg~qÝƒÇX 1-Butene �ic*Š{lZg~qÝƒÇXZzgZq- 2-Butene

Æ�ƒ@*ìX Saytzeff rule Zk§i~0*ãā%·]»ZyZ`»¿

ZÈiÅ‰: 5.7.4

X÷²Z®ŒàkÅ'×h+‰ƒäÆˆ�Z®Œàkc*ZŒ (aldehydes) Z’ZðZÈiÅ‰™ä6,Z®Œàk
Šø7[ƒDìZy~ñ�Š»g0Å®ZŠZzg¬ï™äzZáZÈiÅ®ZŠ7VƒCìX
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Åñ�ŠÏ~‰™ÆZ$k5é GH ZzgeZ�^]Ò3©ðGEguZŒ Z
#-Ÿ5

ÿ

GG

GZÈiÃ7N*ôeZð™zó
Z®Œà¯D÷T»'×h+‰™ä6,Z$k5ë GHZŒMìX

qÝƒVÐX propionic acid X÷TÃ'×h+‰HYñÂ propionaldehyde Å‰™ä6, n-propylalcohol

~»g0Å®ZŠZzg¬ï™äzZáZÈi~ (ketone) U*â~ZÈiÅ‰™ä6,™yŠø7[ƒDìqÝƒäzZá™y

Å'×h+‰™ä6,�ZŒqÝƒD÷Zy~»g0Å®ZŠ (ketone) »g0Å®ZŠ7VƒCìX²qÝƒäzZá™y

acetone Å7N*ôeZñ™zóZzgeZ™^ËguZŒÆ‚B‰™ä6, sec-propyl alcohol Zq-ÐÁƒYCìXZ#

qÝƒÇX acetic acid qÝƒVÐ&'×h+‰™ä6,

Æ‚B¬ï™ä6,»g1Wœ/&ÓëG (Strong oxidizing agent) Ã¹ic*Š{‰~¬ï (tertiary alcohols) �OZÈi
õÝƒVÐXX~»g0Å®ZŠ¬ï™äzZá%“~ñ�Š»g0ÐZq-»g0ÁŠø7[ƒÇX

Zk§bZ’ZðÔU*â~Zzg�OZÈi»gztZµZµìZzg‰~¬nZ’ZðÔU*â~Zzg�OZÈi~×™äÆaÌZEw

ƒ@*ìX
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(Glycols) †VÖ 5.8

¤/z:ñ�Šƒc*ÝƒZÐeZñ;àguZÈic*†VÖëìXeZñ (-OH) Z,ZÈi%·]X~Šz;àgzË
~Z¤/ŠzâV;àgzË¤/z\Zq-„»g0ÐÝƒÂz{)LƒD÷ZzgZÏ~ (Dihydric alcohols) ;àgźZÈ7Òø

~ñ�Š;àgzË¤/z\ŠzZµZµ»g0ÐÝƒ‰X glycols Ð0*ãÆ%“»ì‚ãÐZyZ`ƒY¨XZÏa

¤/z\Å(6,«ƒ@*ìXVwÆîg6, (-OH) ÐÌªCÙHY@*ì�āŠzâV;àgzË α, β, γ, ...α, β, γ, ...α, β, γ, ...α, β, γ, ... Ã Glycoles

¤/z\Šz4,ŠO»g0 (-OH) ~Šz -glycols ¹Y@*ìX γγγγ Ã 1,4-glycols Zzg ββββ Ã 1,3-glycols,  ααααÃ 1,2-glycols

Ì¹Y@*ìX vicinal diols ÐÝƒDìZÏaZ7 (O-C)

†rÖ»Âxl 5.9

Ã�**x glycoles Âx~ IUPAC ¬xÂxl~†rÖ»**xŠzâV;àgzË¤/z\āZ9ÐÝƒä6,«ìX        

Ìë÷X alkane dilos Îc*Y@*ìX‰ diol Šc*Y@*ìZzg;àgzË¤/z\ÐªCÙHY@*ìZzgZ9Æ**xÆŴy~
Formula Common Name IUPAC Name

Ethylene glycol or glycol Ethane-1,2-diol

Propylene glycol Propan-1,2-diol

Iso-Butylene glycol 2-Methyl-propan-1,2-diol

Trimethylene glycol Propan-1,3-diol

Pentamethylene glycol Pentan-1,5-diol

†rw¯äÆ§j: 5.10

Z
#-£4

è

G
G

GEÆfg=þ:
’Ã¦/ZgZYñÂZ

#-Ÿ5Ó4
è

GG

GGE†rwqÝƒD (ethene gas) Q}0*ãAƒñZæM6,!5»43ï G
Y
E
GH²w~ÐZ

#-£4
è

G
G

GE

÷X
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Æfg=»g~: (alkene) »ZEw™ÆZ9 Osmium Tetraoxide 5.10.1

(alkene) gÐZEw™Æ§8gR,~~»gHY@*ìXZ9 Osmium tetraoxide Ã¬xîg6, vicinal diols

Æ‚B tert-butyl hydro peroxide �‰¬n‰ā cyclicosmate ester Æ‚B¬ï™Æ Osmium tetraoxide

¯D÷X vicinal diol ¬ï™Æ

(Industerial Method) Z&+gw§i 5.10.2

Xì� ethylene oxide F,ÚÅñ�ŠÏ~ silver6,479-670»K ZzgƒZā²wŠ!*îÆ‚B (ethylene) Z
#-£Ó4

è

GG

GE

X÷X ethylene glycol Åñ�ŠÏ~;àgz:™ä6, (dil HCl) eZ�^;à³gq-ZŒ

6ð¬ï 5.11

ethylene ¤/z\ÝƒD÷TÅzzÐ (-OH) ÐŠz;àgzË (ethylene glycol) Z
#-Ÿ5Ò

è

G
G

GE†rw

7gTÉ active ~ñ�ŠŠzâV;àgzË¤/z\6ð¬ïÆa',Z', ethylene glycol 6ð¬ï™@*ìX² glycol

ÆaŠzâV;àgzË¤/z\z{ glycol Zq-;àgzË¤/z\7g~§b¬ï™@*ìXQŠzuZ;àgzË¤/z\¬ï™D÷XZÏa

ZµZµ§hVÐ¬ï™@*ìX

ZŒÆ‚B¬ï: 5.11.1

¯@*ìX ethylene dinitrate **¶f$²wÆ‚B¬ï™Æ ethylene glycol Z
#-£Ó4

è

GG

GE†rw
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Æ‚B‰~¿: Lead Tetra Acetate 5.11.2

Å‰™@*ìXZk‰ÆŠzgZy Vicinal diols6,(room temperature) ¬xŠgzwZg] Lead tetra acetate 

I™̂Z®Œàc*™yc*ŠzâVõÝ¯CìtõÝ†rwÅ̂6,«™D÷X (bond) WxZzg;àgzXāÖ@Èl
Å‰™@*ìZzgÃg$ÓåHŒàkX÷X (ethylene glycol) Z

#-£Ó4
è

GG

GE†rw lead tetra acetate

Æ‚B‰: Periodic Acid 5.11.3

c*

Æ**xÐY**Y@*ìX m-periodic acidÃ dehydrated periodic acid i.e HIO4
Æ‚B‰™ä6,Ãgâ®ŒàkX÷X periodic acidÅ ethylene glycol
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Pinacol-Pinacolane Rearrangement 5.11.4

ÆÈlÃŠz!*g{F,KMŠ¶6,™yc*Z®ŒàŠø7[ƒD (1,2-glycol) vicinal diols !Z!F,Ú»ZEw™Æ

ë÷X pinacol-pinacolone rearrangement ÷ZzgZq-0*ãÆ%“»ZyZ`ƒ@*ìZÐ

t¬ïeg%ÖV6,«ìX
(Protonation) ¤/z\ÐÝƒ OH »!Z[Åñ�ŠÏ~ H ¬%µ~ (i

Šzu}%µ~0*ãÆ%“»{g`ƒ**X (ii

(1,2-shift) 6,psƒ**X carbocation ¤/z\»Zq-L CH3 (iii

¤/z\ÐÝ;àgzXK»{g`ƒ**X OH Wy~ (iv

ZEÑ] 5.12

0*ãZzgZÈi~i5+k,ìXtZâYÃ¢yZ[ƒäÐ glycol ìX 400 K Zq-"g8-âùìTÆ̀Z!*w glycol

)_Ðgz1zZÑ(Æîg6, antifreeze Æîg6,ZEw™D÷XWzIñ!*Lg[+ñg~ preservative X@*ìXZÏaZÐ

Æ‚BŠ}ā&ZâY~ZEwƒD÷X trinitro glycerine õÝ dinitrate ZEw™D÷XZkÆ
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(Learning Outcomes) Zõ!}ò 5.13

ZkZ»ð~ëäŠgzfsÆ!*g}~_·HX
ZÈiÅ9ZzgZÈi~ñ�Š;àgzË¤/z\Å®ZŠ6,ZyÅ)®)È~ X1

ÆâZÈi»**x™»§i IUPAC rule Âxl~Šz§bÐZy»**x™»§i X2

ZÈiÅ»g~ÆZµZµ§i X3

ZÈiÅS:] X4

»»gƒ**Zzg¤/&½5é G
Y
EgegÐ (ester) ZÈi»6ð¬ïT~Îe*ŠJ]»ZÈiÆ‚B¬ï™**ÔWg6ZŒÐZ7 X5

ÐZ9»»gƒ**÷áïìX

ZÈi»6ð¬ïT~ZÈi¤/z\»;àgzË¤/z\vƒ™ŠzuZ¤/z\ZpÐÝƒY**X X6

Æ‚B¬ï™ÆZÃLhà»g™**ÔW\ätl!5X Lucas Reagent ZÈi X7

ZÈi»‰~¿T~ZÈiÆ%·]~Zq-Wx»ZŸ†ƒ@*ìX X8

Z,ZÈiX~Šz;àgzË¤/z\ƒZ7†rÖë÷X X9

Æ�**xr2c*ŠHX IUPAC rule †rÖ»Šz§hVÐÂxlT~¬xÂxlZzg X10

Z
#-£Ó4

è

GG

GE†Vw¯äÆZµZµ§jŠA‰X X11

~Zq-„%“~�CÙzVÅp~,ÐCðˆX Pinacole pinacolone rearrangement X12

(Keywords) ã~ZÖp 5.14

¤/z\ÝƒX -OH Z,;àgz»g0XÐ ZÈi X1

ZÈi»**xgpp»§iX Âxl X2

ÎZŅ̃Zò̂ IUPAC X3

0*ãÆ%“Ô**xC%“ÐÝƒ**X Hydrolysis X4

»²wX Lucas Reagent X5

¤/z\ÝƒX -OH Z,;àgz»g0XÐZq-Ðic*Š{ †VÖ X6

(Model Examination Questions) %:ZJãÎZÑ] 5.15

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

ZÈiÃ¬xîg6,''''Ãgñ!ÐªCÙHY@*ìX X1

RCOOR (d R-COOH (c R-OH (b R-O-R (a
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qgzfs~ÐZ’ZðZÈi»ZN[™ØX X2

Æ�**x IUPAC %“» X3

2,2 dimethyl pentan-1-ol (b 1-hexanol (a

Butan-1-ol (d 2,3-dimethyl butan-1-ol (c

Æ�**xC�X IUPAC» sec.butylalcohol X4

1-butanol (b 2-butanol (a

2-methyl propan-2-ol (d 2-methyl propan-1-ol (c ç

X5

X6

X7

ÃT#/õ EGX [A]

Zy~ÐÃð7 (d
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Zy~Ð¤/&½5é G
Y
EgegÐÃ̈KìX X8

ZkŠ~ƒð¬ï~ X9

!*nKM Y Zzg X

Zzg (a

Zzg (b

Zzg (c

¬ï™ÆYzZÑõÝC�X Z# 2O-amine X10

4O -alcohol (d 3O -alcohol (c 2O-alcohol (b 1O -alcohol (a

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

ZÈiHì? X1

ZÈi»Z̀!*w;àgzË¤/z\ÐÝZ9c*É½5ÿGhàkÐic*Š{ƒ@*ìXzŸs#ÙX X2

Æ�**xŠØX IUPAC qgzfsZÈiÃ X3

Neo-pentylalcohol  (d sec-butylalcohol (c
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(Long Answer Type Questions) îs�Z!*]ÆqïÎZÑ] (C

ZÈiÅ)®)È~C�X X1

ÐZÈiÅ»g~Æ§iC�X (alkene) ZzgZ9 (R-X) ZÃLhà X2

HƒÇZ¤/Z®Œàc*™yÔÎe*Z$ÓÀê
Y

Zzg0*ãÆ%·]Æ‚B¬ï™}?VwŠ}™C�X X3

(Suggested Books for Further Readings) '×h+_¬Æa?m,™Š{ÂÁ 5.16

1. Organic Chemistry by S.K Ghosh

2. Mordern Organic Chemistry by Jagdamba singh and S.Anandvardhan.

3.Concepts of Chemistry by Dr, Mazhar Farooqui

4. Advanced Organic Chemistry by Arun Bahl and B.S Bahl

5. Organic Reactions and its Mechanism by P.S Kalsi.

////////////
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_Ö : 6 Z»ð
(Phenols)

Z»ðÆZbZ
ā 6.0

£œ 6.1

ñâ;àgu_w 6.1.1

eZð;àgu_w 6.1.2

R,Zð;àgu_w 6.1.3

Âxl 6.2

_wÅ»g~§i 6.3

³gz*.çEEE+Æfg=»g~ 6.3.1

Y}Æfg=»g~ 6.3.2

Æfg)»g~ Sodium Benzensulfonate 6.3.3

8pZm 6.4

_wÅ!Z!{¤ 6.4.1

!ZšM6,�Šw»ZW, 6.4.2

_wÅ6ðpZm 6.5

(Acylation) Z‚
"5Ó4jè
JGGIE 6.5.1

¬ï Kolbe-schmit 6.5.2

�ÛZõF,KM»g~ 5.5.3

®Ó4jè GEF,KM»g~ 6.5.4

g\
#-)4è
HGGE¬ï 6.5.5

_wÆZEwZzgZkÆŠg~z‚b 6.6

Zõ!}ò 6.7

ã~ZÖp 6.8

%:ZJãÎZÑ] 6.9

'×h+_¬Æa?m,™Š{ÂÁ 6.10
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ā 6.0

ZkZ»ð~ë_wÆ!*g}~¥â]qÝ™,ÐX X1

_wÅ)®)È~Zzg**x™»§i]
À£4èGÐX X2

_wÅ»g~ÆoƒZµZµ§hV6,w™,ÐZzgZkÆ8pZmÆ¥â]BÐX X3

ZkZ»ðÃ7,"ÆŴ\_wÅ!ZšMZzg�Šw»_w6,ZW,ÌõYNÐX X4

_wÆ¬ïZzgF,KM»g~Ã4+§iÐ™ÃÐX X5

Wy~_wÆZEwZzgŠgCz‚bW\Å¥â]~'×h+ZŸ†™,ÐX X6

£œ 6.2.1

ƒD÷X~Zq-c*Zq-ÐiZZ+;àgzË (Aromatic Hydroxy Compound) _}pÒŠZg;àgzË%·]

¤/z\',Z{gZ„*.çEEE+ÐÝƒD÷X_ÖÅ)®)È~;àgzË¤/z\ÅlZg6,«ìX

ñâ;àgu_Ö: 6.1.1

eZð;àgu_Ö: 6.1.2

R,Zð;àgu_Ö: 6.1.3

(Nomenclature) Âxl 6.2
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Ð(meta) ZzgwÐ (para) ÔcZ (ortho) 6ā_w~*.çEEE+g8-ñ�ŠƒCìZÏa_ÖÅ¬xÂxl~Zzgð
Ä~�;àgzË¤/z\Æ IUPAC Âxl~Zy»VÃoƒ�Š}™ªCÙHY@*ìX IUPAC #¥HY@*ìX²

»g0ÐÑzqÅYCìX

e.g Phenols Common Name IUPAC Name

ortho-Bromophenol 2-Bromophenol

meta-Nitrophenol 3-Nitrophenol

5-Chloro-2 methylphenol

ortho-cresol 2-Methylphenol

para-cresol 4-Methylphenol

%·]Ã@*gõ~ZyÆZEÑ]c*ZyÆz‚bÅãCŠ6,**xŠc*ŠH (trihydroxy) ZzgR,Zð;àgzË (Dihydroxy) eZð;àgzË

Æfg=Cc*Y@*ìX Benzenetriols Zzg benzenediols Ä~ IUPAC ìp

Structure Common Name IUPAC Name

Catechol 1,2-Benzenediol

Resorcinol 1,3-Benzenediol

Hydroquinone (quinol) 1,4-Benzenediol
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Pyrogallol 1,2,3-Benzenetriol

_wÅ»g~Æ§j 6.3

³gz*.çEEE+Æfg)»g~: 6.3.1

ìXZk§i~³gz*.çEEE+ÃÎe*;àgz‚àÆ (Industerial method) :tZq-Q§i Dow's Process (a

Š!*î6,¬ï™ZäÐÎe*¢45é EGE‚àáCì&0*ãZzg»g0eZðW‚àÐ¬ï™äÆˆ 300 atm6,360OC ‚B

_wX÷X

6,¦/ZgZY@*ìT 425OC c*yÃ‘Ð SiO2 :Zk§i~³gz*.çEEE+Zzg0*ã)¸\(Ã Rasching Prrocess (b

Ð_wqÝƒD÷X

Æfg=»g~: (Cumene) Y} 6.3.2

Mcumene(isopropylbenzene) 6,¬ï™äÐ  250 OC Åñ�ŠÏ~ Æ‚B propylene *.çEEE+Ã
6,�lŠ¶ÐY};àgz6, 130 OC Åñ�ŠÏ~ (cobalt naphthenate) Zzg ÅƒZÆ‚B cumene ÷X

Zzg_w (acetone) ™ä6,ZÒy distillation Æ‚B dil ‘W÷T» (cumene hydroperoxide) W‚à

»²wMìX (phenol)

Cumene (isopropylbenzene)
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ŠzZÌÆqïõÝX÷XZÏa7g~Š*~_w¯äÆaZk§i»g6,¿HY@* phenol Zzg acetone Zk§i»g~
ìX

Æfg=»g~: Sodium Benzenesulfonate 6.3.3

X÷XÈ sodium benzene solfonate *.çEEE+ā(ZŒÃÎe*;àgz‚à²wÆ‚B¬ï™ä6,
(sodium 6,¬ï™ä6,Îe*¢45é EGEœ/Zà 350OC Æ‚B (NaOH) k̂Îe*;àgz‚à Sodium benzene sulfonate

Ð!ZšM(,Jä6,_wX÷X dil HCl X÷XÅ phenoxide)

(Physical Properties) 8pZm 6.4

anti-oxidant g8-âùc*k̂ƒD÷XZy~ÐËË~ðhZÑwg8-ƒ@*ìtÑwg8-Zk_w~ ic*Š{F,_w" X1

ñ�Šƒä»o]ƒD÷X

_wÅSàpÒƒCìqÑè{Ø_wv0+{ƒ@*ìX X2

_w»$©�î EG
0Q!*wë‚@ziyZÈiÐic*Š{ƒ@*ìX X3
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_wÅ!Z!{¤: 6.4.1

(carboxylic _wZq-$zg!Z[ìX_wZÈiÐic*Š{¤!g!Z[ìp_wÅ!ZšM»g1Wœ/&Ò5ë GGZŒ

¯äÅzzÐƒCìX Phenoxide ion ÐÁƒCìX_wÅ!ZšM0*ã~ZkāL acid)

Phenoxide _w‚ãÐic*Š{LƒD÷ZÏa_wÆ‚ã;àgzXÃZµ™ÆZq-L Phenoxide anion

(Phenoxide ¯äÅ‡/gnp÷TÅzzÐ_w~!Z!{¤aZƒYCìX_wZzg¢45é EGEœ/Zàtpg anion

ÐŠ¬YYìX (Resonance) ÆLƒä»�ÛtZyŠzâVÆ2‚½V anion)

ÆWx6,µ!*gìZÏaWx;àgzXÆZ¼zyÃá™ (-OH) ~;GgzË¤/z\ (Resonance) 2‚½V

‚½V~µZzgt!*gZµZµƒD÷XZÏaZy‚½V~ic*Š{ IV Zzg III, II ;àgzXÃghäÅ‡/g‚rìXZÏa

qgzfsìX (Resononce) »2‚854è
EG

G Phenoxide anion ÂZ**ðƒCìZzgz{)LƒD÷X

Å Phenoxide anion ƒCìXTÅzz (Delocalization) ªV~!*ge{7ƒDÉt!*g)£è»g~ IV Zzg IIIÔII

]Â**ðÁƒCìZÏa_wÆ‚ãLƒDìX

!ZšM6,�Šw»ZW,: 6.4.2

(Z¤/*.çEEE+Ð COOH, CHO,-CN,-Cl,-NO2 )VwÆîg6,   :  Z¼zyÃpŠÅ§sgZá™äzZá¤/z\ X1

¤/z\Å§s Phenoxy ÝƒÂz{_wÅ!ZšMÃ(,Jä~æŠ™D÷c**.çEEE+Å!ZšMÃ(,JD÷Xt¤/z\

Z¼zyÃgZáƒäÐgzÈ÷X
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!Z!{¤g‚rìpZm!ZšM m-nitrophenol ÃðhZ¹L™D÷ Phenoxide ion ¤/z\ meta-nitro Zq-

ÐÁƒCìX O-or P-nitrophenol

Z,¤!g¤/z\�Z¼zyÃZK§sgZá™D÷Zq-Ðic*Š{_wÐÝƒYñÂZkÅzz_wÅ!ZšM~¹ZŸ†

ìX Pka-0.4» 2,4,6-trinitrophenol ìZzg PKa=4.0» 2,4-dinitrophenol ƒÇX6ā

:  Z¼zyÃg;™äzZá�Šw»ZW, X2

(Z¤/*.çEEE+ÐÝƒYñÂt¤/z\_wÅ -NH2, -OCH3,  CH3 Z¼zyÃg;™äzZá¤/z\)VwÆîg6,

ÆWx6,t!*gÃ¢o™Šï÷Zzg2‚½VÅzzÐ!*gÃv Phenoxy !ZšMÃÁ™Šï÷Xt¤/z\

Zq-$zgF,0̃Y@*ìX phenoxide ion ƒäÐgzÈ÷TÅzzÐ (delocalization)

¼_ÖZzgZyÅ!ZšMqgzfsìX

Šg`fsç5]6,̈g™g,X
: Case-I

p-Hydroxybenzaldehyde Zzg m-Hydroxy benzaldehyde

»Z®Œà»g1B¤/z\ÐpŠÃ phenoxide ion ic*Š{!ZšMg‚rìZkÅZq-zz p-Hydroxybenzaldehyde

L™**ìX
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: Case-II

: 4-Cyanophenol Zzg phenol

ic*Š{!Z!{¤g‚r 4-cynophenol ¤/z\¹¢ïÐZ¼zyÃpŠÅ§sgZá™@*ìZka (cyno) ‚"

ìX

ÐL™Cì Resomance Å2‚854è
EG

G 4-cynophenal

_wÅ6ðpZm: 6.5

_wZ¼zyIpÒŠZg�ŠwÅ§s¹!~ÐgŠ¿™D÷XYè;àgzË¤/z\ÆWx6,ñ�Š)ÈÙ

7icÆfg=ú™äÐ‘W÷X;àgzË¤/z\*.çEEE+Å ortho Zzg para Z¼zy“WzZá]À)é
Y

ë{%“ÃL™D÷�

Halogenation, 7icÃÃu™D÷XZÏa_ÖZ¼zyI�Šw6,¬ï™D÷‰**>gc para Zzg ortho

¬ï Friedal-craft alkylation Zzg sulphonation

(Acylation) Z‚
"5Ó4jè
JGGIE 6.5.1

‘W÷X (ester) Æ‚B�lŠc*YñÂZ7 (acid anhydrides) Z#_wÃZ−hàc*ZŒZ*àgZ[+

¬ï: Kolbe-Schmidt 6.5.2

(electrophilic »g0eZðW‚àÆ‚BZ¼zyIpÒŠZg�Šw¬ï (Phenoxide ion) ¢45é
E
GE‚àWí

X÷X_w»»g1œ/ø salicylic acid Æ‚B¬ï™Zä6, dil HCl ™D÷TÃ substitution reaction)
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~(Sodium phenoxcide) ¯ä»tQ§iìXT~ÈÎe*¢45é EGE‚à salicylic acid ™Æ (carboxylation)

dil Š!*î6,¦/Zg~YCìX¬ïÆˆ�õÝqÝƒD÷ZÐ 6-7 atm Zzg 220OC (CO2 gas) Ð»g0eZðW‚à’

»gƒD÷X salicylic acid Æ‚B¿HY@*ìTÆ&4-@î E
GGE~ HCl

(Fries rearrangment)  �ÛZõF,KM»g~ 6.5.3

Z−_w» para Zzg ortho Z#_=Z7Ã»g0eZðÏàc***,̂z*.çEEE+z){�ÛZ,̂F,ÚÆñ�ŠÏ~�lŠc*YñÂ
²w»gƒÇt¬ï�ÛZKF,KM»g~BCìX

(Mechanism) §i»g
ZÌÌzZãîg6,™70*c*ìX‚0ZâVÆ0*kŠz§i»gÆo]ìZq-Î‚ÓC (mechanism) Ð§i»g

ŠzâV§i»g-nŠb‰÷X (intramolecular) ZzgŠg‚ÓC (intermolecular)

§i»g: (Intermolecular) Î‚ÓC (a

ZÉ4n.ç EH¤/z\ÆWx6,ú™@*ìZzgZq-ë{%“»gƒ@*ìXT6, AlCl3 ƒÐ¬Z¼zyÅ¶gppzZÑ%“

Zzg ortho ¤/z\Å§b',@*î™@*ìZzgpÒŠZg*.çEEE+Æ (electrophilic) µ!*gƒ@*ìXZÏat%“Z¼zyI

Æfg=L™@*ìX (resonance) ë{%“Ã2‚½V -δδδδ 7ic6,ú™@*ìZzg para

(Intramolecular Mechanism) Šg‚ÓC§i»g (2

¯@*ìXtë{ (complex compound)
¢45ÿ
E
GEZS6,ú™Æë{%“ AlCl3 tZq-%µ6,«¬ïìT~
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(hydroxy ;àgzËZ:_y para Zzg Ortho Å§b',@*î™@*ì� (electrophile) Šg‚ÓCZ¼zyI (complex) %“

»²wŠêìX acetophenones)

(Claisen Rearrangement)
®Ó4jè GEF,KM»g~ 6.5.4

ë (rearrangement claisen) 6,�lŠc*YñÂ%“~ƒäzZàp~Ã®Ó4jè GEF,KM»g~  200OC Ã ÖZgsZpk Z

qÝƒD÷X orthoallyphenols ÷XZkF,KM»g~~Z?¤/z\WxÃgh™*.çEEE+Æ»g0ÐÝƒY@*ìZzg

: (Mechanism) §T»g

(Reimer-Tiemann Reaction) g\D
#-)4è
HGGE¬ï 6.5.5

™äÃ ( f o r m y l a t i o n ) ¯g!5Ó4jè GGIE àgz‚àÆñ�ŠÏ~_w» 7N*ô; ( a q .  K OH ) !Zzg

6,¬ï™Zä6, 60OC Æ‚B aq-KOH ë÷XVwÆîg6,_wÃ³gzÃgxZzg Reimer-Triemann reaction

ZëZzgic*Š{lZg~MìXZk¬ï~¢45é EGE‚àg8-6,Z¼zyI�Šw»¿~W@*ìT o-hydroxy benzaldehyde
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»ZEwƒ@*ìX CHCl2 Z¼zyI�ŠwÆîg6,ZL³gz»gÎ

: (Mechanism) §i»g

_wÆZEwZzgZkÅŠgCz‚b 6.6

_wÅŠgCz‚b»Zq-(,Zfg=Z6Û~ìXZ6Û~~ãZzgŠwÆZ%ZnÐ±äÅ¤‰ÜƒCìX X1
_w»ŠzuZ(,ZzaÂLìZk~Ã«zwÃ»™äÅ¤‰ÜƒCìXÂLn}Ã«zwÃ»™@*ìZzgZiÃ«gzwÃ X2

(,J@*ìX
ƒDì�(,fÃc*Ñg-VÃÖDìX antioxidant eñÅìZzgZùg7à_w»¹(,Jfg=ìX7à_w~ X3

;VtÌDìÆZy»ic*Š{ZEw¡Æa'×k,ìX

(Learning Outcomes) Zõ!}ò 6.7

ZkZ»ð~ëä5ā_ÖHìZzgZyÅ)®)È~ùÅYCìX X1

_wÅ»g~ÆZµZµ§jÌŠAX X2

_wÆ8pZm~Ze!Z!{¤Zzg�Šw»!Z!{¤6,ZW,ÃY**X X3
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Š¬X (Relation) Zzg!ZšM~ģ (Resonance) 2‚854è
EG

G X4

Ã-ŒX (rearrangment) _wÅ6ðpZm~ZµZµ¬5]ZzgF,KM»g~ X5

Wy~_wÅŠgCz‚bZzgZEÑ]ÌYäX X6

(Keywords) ã~ZÖp 6.8

µ!*ggppzZá**xC%“ÅRŠÑ$+àX Z¼zyI�Šw X1

³gz*.çEEE+»0*ãÆ‚ByÃ‘Åñ�ŠÏ~gáLO¿X Rasching Process X2
*.çEEE+~ñ�Š¤/Ä»õX 2‚854è

EG
G X3

ŠzZµZµ‚Ó]ÆÖ@¤/ÄX Î‚ÓC X4

Zq-‚@¤/ÄX Šg‚ÓC X5

(Model Examination Questions) %:ZJãÎZÑ] 6.9

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

qgzfs~ÐƒÐic*Š{!ZšMÃyg‚rìX X1

»g1=ZŒ'''ìX X2

Z·ZŒ (d ÃgåZŒ (c
$4-£43ð GGGEw (b _w (a

Åñ�ŠÏ~û™ä6,'''MìX » isopropylbenzene X3

Ã'''Ì¹Y@*ìX m-Dihydroxybenzene X4

Cresol (d Quinol (c Resorcinal (b Catechol (a

**x? IUPAC» Hydroquinone X5

1,2,3-Benzetriol (d 1,2-Benzendriol (c 1,4-Benzendiol (b 1,3-Benzendriol (a

Š!*î6,¬ï''ŠêìX 300 atm Zzg ³gz*.çEEE+»Îe*;àgz‚àÆ‚B X6
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»Îe*‚«I™̂Ã̈KõÝŠêìX benzenesulphoic acid X7

ZÈi (d _w (c *.çEEEzq- (b *.çEEE+ (a

Zk~ÐÃ̈K%“ic*Š{!ZšMg‚rìX X8

O-cresol (d P-cresol (c P-nitrophenol (b P-chlorophenol (a

X9

»g0eZðW‚àZzg
$4-Ÿ5ÿ GGGZÈi (b acetic anhydride (a

ÃgâZ®Œà (d Z$k5ë GHZŒ (c

X10

Zp (d Salicylic acid (c *.çEEEzq-ZŒ (b _w (a

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

_wHì? X1

_wÅ)®)È~ùÅˆ? X2

Æfg=**xCNX IUPAC qgzfsŠeÖÆ X3

Z¼zyÃŠc*™äzZá�Šw»_w6,HZW,ƒÇ? X4

_wÆZEÑ]ZzgŠgCz‚bÆfgZùÃyÐì? X5

Hì? Rasching Process X6

~Ã̈K¤!gF,˜ì?YV? 4-Cynophenol _wZzg X7
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(Long Answer Type Questions) îs�Z!*]ÆqïÎZÑ] (C

³gz*.çEEE+Ð_wÅ»g~»§iCNX X1

Y}Ð_wù»g™,ÐX X2

_wÅ!Z!pZàÅzŸs#ÙX X3

(Suggested Books for Further Readings) '×h+_¬Æa?m,™Š{ÂÁ 6.10

1. Advanced Organic Chemistry by Arun Baht and B.S Bahl

2. Concept of Chemistry by Dr.Mazahar Farooqui S.V Kuberkar and S.D Naikwad

3. Mordern Organic Chemistry by Jagdamba singh

4. 5000 Problems of Organic Chemistry by Arun Baht

5. Chemistry for Degree Student by R.L Madan

6. Objective Chemistry by O.P Agarwal
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Zpk : 7 Z»ð
(Ethers)

Z»ðÆZbZ
ā 7.0

£œ 7.1

ZpkÅ)®)È~ 7.2

‚Š{c*áZiyZp 7.2.1

‘oc*)áZiyZp 7.2.2

(Nomenclature) Âxl 7.3

(Common Name) ¬xÂxl 7.3.1

(IUPAC Name) Âxl IUPAC 7.3.2

ZpkÅ»g~Æ§j 7.4

(Williamson Synthesis) z
Ê-.jè GE§iÅ»g~ 7.4.1

eZ,̂z4»ZÈi6,ZW, 7.4.2

»§i EtherificationÚ 7.4.3

Al2O3 ZÈiÆggZ]Zzg 7.4.4

8pZm 7.5

6ð{¤ 7.6

(Hydroiodic Acid) ;àgzZ-euZŒ 7.6.1

ËguZŒ»¿ 7.6.2

Auto-oxidation 7.6.3

ZpÆZEÑ] 7.7

Zõ!}ò 7.8

ã~ZÖp 7.9

%:ZJãÎZÑ] 7.10

'×h+_¬Æa?m,™Š{ÂÁ 7.11
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ā 7.0

Zpkz{**xC%·]ìX~ŠzZq-‰c*ZµZµZÃLc*Zgs¤/z\WxÐÝƒD÷XZpkÃ0*ãÆ

ÐÌY**Y@*ìT~0*ãÆŠzâV;àgX�CÙZÃLc*Zgs¤/z\ÐpsƒYD÷XZpkÃ¬x (Derivative) õÝ

ZÃLc*Zgs¤/z\ÃªCÙ™D÷�āZq-‰c*ZµZµÌƒMh÷X R Zzg R ÐªCÙHY@*ì² R-O-R îg6,

VwÆîg6,:

œ£ 7.1

ZkZ»ð~W\ZpkÆ!*g}~¥â]qÝ™,ÐXZzgZpÅ)®)È~™ÃÐX X1

§iÐ(**xŠ}0*NÐX IUPAC ZkZ»ðÃ7,"ÆŴ\ZpkÃŠz§bÐ)¬x§iZzg X2

W\ZpkÅ»g~Æ§i™YNÐZzgZkÅ8pZm7,|™W\Å¥â]~'×h+ZŸ†ƒÇX X3

Wy~W\ZpÅ6ðS:]Zzg6ð¬5]Æ!*g}~7,³ÐX X4

ZpkÅ)®)È~ 7.2

ZpkÅ)®)È~Šz”V~ÅˆìáZiyZzg)áZiyZpX

: ‚Š{c*áZiyZp 7.2.1

ƒZ7‚Š{c*áZiyZpë÷X (same) Z,ZpkX~WxÐÝ¤/z\Zq-‰

‘oc*)áZiyZp: 7.2.2

Z,ZpkX~WxÐÝZÃLc*Zgs¤/z\ZµZµƒXVwÆîg6,

(Nomenclature) Âxl 7.3

Alphabetical ¬xîg6,ZpÃZÃL¤/z\Ýƒä6,**xŠc*Y@*å²‘oc*)áZiyZpkZÃL¤/z\Ã

Æˆ[Ð**xŠc*Y@*ìX Order
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Formula Common name IUPAC Name

Dimethylether Methoxymethane

Diethylether Ethoxyethane

n-Dipropylether Propoxypropane

iso propylether 2-Propoxy-2-propane

n-Dibutylether 1-Butoxy-1-butane

Ethylmethylether Methoxyethane

Ethyl n-propylether 1-Ethoxypropane

n-Butyl-n-propyl ether 1-Propoxy butane

Methyl-iso-propyl ether 2-Ethoxy propane

tert-Butyl methyl ether 2-Methoxy-2-methyl propane

tert-Butylethyl ether 2-Ethoxy-2-methyl propane

¬xÂxl: 7.3.1

**xŠï÷Zzg**xÆWÐZp Alphabatic order ¬xÂxl~ŠzZÃL¤/z\�WxÐÝƒDìZ7

ÎD÷X di ÎD÷XZ¤/ŠzâVZÃL¤/z\Zq-‰ƒÂ**xÆZ’Z~

Âxl: IUPAC 7.3.2

Æ**xÐªCÙHY@*ìXZp~�ŠzZÃL¤/z\ñ�ŠìZy~Ð� Alkoxyalkanes ZkÂxl~ZpkÃ

¤/z\»**xZzgZ9Æ»g0»�TÐ alkoxy ZÃL¤/z\~ic*Š{»g0ñ�ŠƒZÐZ9â**Y@*ìXZ9Ð¬

¤/z\Ýìz{–Y@*ìX alkoxy
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ZpkÅ»g~Æ§j 7.4

z
Ê-.jè GE»g~»§i: 7.4.1

t§8gR,~~ZpkÃ¯ä»¹W‚y§iìZk§jÐáZiyc*)áZiyŠzâV§bÆZpk¯Mh÷XZk

§j~áZiyc*)áZiyZpÃÎe*c*7N*ôZÃ‚àZzgZÃLhàkÆ‚B¬ï™ÆCc*YY÷X

VwÆîg6,

»gƒD÷X Dimethyl ether Îe*c*7N*ô$4-£é GG‚àZzg
$4-Ÿ5ÿ
G
G

GW-eZàÃ‚B~�lŠc*YñÂ

»gƒD÷X diethylether ZÏ§bÐ7N*ôZ#-£é GG‚àZzgZ
#-Ÿ5ÿ
GG

G1gzâàÃ‚B~�lŠc*YñÂ

(Potassium ÃÌZk§iÐ»gHYYìXT~7N*ô6,z\W‚à ethylpropyl ether )áZiyZp‰

‘W÷X ethylpropyl ether W:~¬ï™Æ (Ethyliodids) ZzgZ
#-£ÿ
GGW-ec*à propoxide)

eZ,̂z4»ZÈw6,ZW,ZzgZpÅ»g~: 7.4.2
$4-Ÿ5ÿ
GGGZpÃZ’ZðZzgU*â~ZÈiZzgeZ,̂z

$4-£4è
G
G
GEÆ¬ïÐ¯Mh÷XT~jgz1gq-ZŒZk¬ïÅÑbÃ(,J@*

ìX

VwÆîg6,

Zk§iÐ»gƒäzZáZp~Zq-§s
$4-Ÿ5ÿ
G
G

G¤/z\WxÐÝgL„ìX
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: (Continous Etherification Process) »¿ Etherification Ú 7.4.3

dimethyl t¿Zp¯äÆa¹=wìXZk§iÃZEw™Æ‚Š{c*áZiyZp‘W÷XVwÆîg6,

6,�lŠc*Y@*ìX 140»C z){XZk§i~Z
#-Ÿ5ÿ
GG

GZÈiÃ{ØËguZŒÆ‚B diethyl ether Ôethers

Z
#-Ÿ5ÿ
GG

G;àgzXÜŠz!*g{Z
#-Ÿ5ÿ
GG

GZÈiÐ¬ï™ÆZp¯@*ìX

: ZÈiÆggZ]Zzg 7.4.4

6,Ð¦/Zgä6,ZpqÝƒD÷X 6,¤/x 250»C ZÈiÆggZ]Ã

Zk§i6,¿™ÆáZiyZp»g™D÷X

8pZm 7.5

’Å̂ƒD÷ZzgŠzu}Zp (ethyl methyl ether) ZzgZ
#-Ÿ5ÿ
GG

G
$4-Ÿ5ÿ
GGGZp (Dimethyl ether) eZñ

$4-£ÿ
G
GZp

"g8-âùÅ̂~ñ�ŠƒD÷X
Á¿CziyzZáZpWvñäzZáƒD÷‰‰Zp»¿Cziy(,kìZk»Z̀!*wÌ(,kìX

6ð{¤: 7.6

ZpZq-L%“ƒD÷XZÏatZ‚kÔ‰~¬nÔ
+CÒ5Ðö

GE
G¬nZzgŠJÂVÆ‚B¬ï7™DXVwÆîg6,

»¿: (Hydroiodic acid) ;àgzW-eq-!Z[ 7.6.1

ÐQÐâjw~ HI »ZW,ÆaQ}âjwÅ¢zg]ƒCìXáZiyZpZ# HI áZiyZzg)áZiyZp6, (a

¬ï™ZñtZÃLW-eZ[+ZzgZÈi»²wŠï÷X

ÐQÐâjw~¬ï™ä6,Z
#-Ÿ5ÿ
GG

GZÈiZzgZ
#-Ÿ5ÿ
GG

GW-eZ[+»²wMìX HI VwÆîg6,:eZðZ#-£é GGbZp
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¬ï™D÷�Z9»gN*c*Á‚ÓCziyzZÑZ9W-e+Æ‚B HI~(Cold condition) )áZiyZpZ#Qâjw
ÝƒY@*ìZzgZp~ñ�ŠZ9»(,ZzZÈi¯@*ìX

Ð¬ï™ä6,Z
#-Ÿ5ÿ
GG

GZÈiZzg
$4-Ÿ5ÿ
G
G

GW-eZeX÷X HI VwÆîg6,:Z
#-Ÿ5ÿ
GG

G
$4-Ÿ5ÿ
G
G

GZpZ#Q}âjw~‰

n-propyl Æ‚B¬ï™ä6,Z
#-Ÿ5ÿ
GG

GW-eZ[+Zzg HI~(Cold Condition) Q}âjw ethyl-n-propyl ether

»²w÷áïƒ@*ìX alcohol

ƒÂz{ZÃLÆîg6,¤/z\W-eZ[+¯ñÇX (Branches) )áZiyZp~Z¤/ZÃL¤/z\Ã÷áñ

ZzgZ
#-Ÿ5ÿ
GG

GZÈi»²w¯@* iso-propyliodide Ð¬ï™ä6, HI Q}âjw~ Ethylisopropyl ether VwÆîg6,

ìX

ÃZpkÆ‚B�lŠb: HI (b

6,¤/xH 100»C Æ‚BZ¤/ HI Æ‚B�lŠc*YñÂZÃLW-eZeFÐ6ÆZ¤/eZñ
$4-Ÿ5ÿ
G
G

GZpÃ HI áZiyZpÃ

YñÂ
$4-Ÿ5ÿ
GG

GW-eZeAÇX

Æ‚B�lŠc*Y@*ìÂtŠzZµZµZ
#-Ÿ5ÿ
GG

GW-eZ[+»²wŠï÷X HI )áZiyZpÃZ#

6,�lŠ¶ÐZ
#-Ÿ5ÿ
GG

GW-eZ[+Zzg
$4-Ÿ5ÿ
G
G

GW-eZ[+»²wX÷X 100»C Æ‚B HI VwÆîg6,Z
#-Ÿ5ÿ
GG

G
$4-Ÿ5ÿ
G
G

GZpÃ

ËguZŒ»¿: 7.6.2

»áZiyZzg)áZiyZp6,¿

Æ‚B¬ï™ÆŠzZµ Æ‚B¬ï™ÆZÈiŠï÷XZzg)áZiyZp áZiyZp

ZµZÈiŠï÷X

Æ‚BŠ!*îeZw™�lŠ¶6,Z
#-Ÿ5ÿ
GG

GZÈiqÝƒD÷X VwÆîg6,eZñZ
#-Ÿ5ÿ
GG

GZpÃ
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»gƒD÷X n-propyl alcohol ‚B�lŠ¶6,Z
#-Ÿ5ÿ
GG

GZÈiZzg Ã ethyl-n-propyl ether

iso Zzg (ethyl alcohol) Æ‚B�lŠ¶ÐZ
#-Ÿ5ÿ
GG

GZÈi Ã (ethylisopropyl ether) Z
#-Ÿ5ÿ
GG

GWā6,z}èZp

»²w»gƒ@*ìX propyl alcohol

{ØËguZŒ»¿: (b

áZiyZpk‰eZñ
$4-Ÿ5ÿ
GG

GZpÃ{Ø_5Ò©ð GEguZŒÆ‚BgŠ¿™ä6,
$4-Ÿ5ÿ
GG

G;àgzXÜMìX¬xîg6,tgŠ
¿Šz%ÖV6,«ƒCìX

Auto Oxidation 7.6.3

0Y@*ìX hydroperoxide Z¤/ZpkÃƒZZzggzÝ~îghŠ,ÂZpƒZ~ñ�ŠWxÐ¬ï™Æ

ëAuto-Oxidation ¯D÷X‰ (diethyl ether hydro peroxide) VwÆîg6,eZñZ
#-Ÿ5ÿ
GG

GZp;àgz6,W‚à
÷X

ZpkÆZEw 7.7

z){~ZEwƒ@*ìX resins Zzg gums (oil) eZñZ
#-Ÿ5ÿ
GG

GZpÃQ…Å§b% X1

~…Æîg6,ZEw™D÷TÅ4+Vw organic creation eZñZ
#-Ÿ5ÿ
GG

GZpÃ"Ñg**xC¬5] X2

ìX Grignard reagant

Æ(Anaesthetic) ~"�l Surgical Operation Ã   Methyl-n-propylether (Vinyl ether) z&45ÿ GEGZp X3

îg6,ZEwHY@*ìX
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(Learning Outcomes) Zõ!}ò 7.8

ŠzâV§hVÐ IUPAC ZkZ»ð~ëäZpkÆ!*g}~2ZzgZpkÅ©VÃY**XZk~W\ZpkÃ¬xZzg

**xŠ¶Æ‡.Þ0‰XZpÅ»g~ÆZµZµ§hVÃŒXZkÅ6ðZzg8pZmÆ!*g}~Ì¥â]qÝÅZkZ»ð

Ã7,"ÆŴ\äY**ÆZpk»Z̀!*wZpk~ñ�Š®ZŠÆ‚B(,kìXZpkÅ6ðpZm~W\ä{Ø

(Cold and ¬ïZzg¤/xâjw HI »Zpk6,ZµZµZW,ùƒ@*ìXW\ÐQ}âjw~ ËguZŒZzg

~ƒäzZáZµZµ¬5]ÃÌŒX Hot Condition)

(Keywords) ã~ZÖp 7.9

WxÆŠzâV§sZq-„**xC%“»Ýƒ**X R-O-R áZiyZp X1

WxÆŠzâV§sZµZµ**xC%“»Ýƒ**X R-O-R )áZiyZp X2

‰~¿ÆaËŠzu}‰~¬ïÅ¢zg]7ƒCX pŠ„&½k5å E
Gƒ** X3

$4-Ÿ5ÿ
G
G

Gāg,M X4

(Model Examination Questions) %:ZJãÎZÑ] 7.10

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

ZpÅ»g~Ãµ§j6,« X1

Kolbes Synthesis (b Wurts Reaction (a

Williamson Method (d Claisen Synthesis (c

Ð''Zp»gKYD÷X Williamsons Synthesis X2

Üs)áZiyZp (b ÜsáZiyZp (a

ŠzâVÌ7 (d ŠzâV (c

Îe*Z#-£é GG‚àZzgZ
#-Ÿ5ÿ
GG

G³gZàÆ¬ïÆ³~HMìX X3

Z$h45ë GHGZŒ (d Z$k5é GHZ®Œà (c Z
#-Ÿ5ÿ
GG

GZÈi (b Zp (a

z{%“�Îe*Ð¬ï7™uX X4

ZpÃƒZ~îg3YñÂZq-Š}ā&%“~psƒY¨Xz{Š}ā&ZâYX X5

Super Oxide (d Oxide (c TNT (b Peroxide (a

Æ‚B¬ï™ä6,tZq-„n HI Îe*Xp   '' Molecular Formula Zq-**xC%“T»‚ÓCÃgñÑ X6

ÅZÃLhàŠ,ÐXz{%“?
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1-Butanol (d 1-Methoxypropane (c 2-Methoxypropane (b Ethoxyethane (a

**x? IUPAC %“» X7

3-Propoxy-2-methylpropoxy (b 1-Propoxy-2-methyl propane (a

1-Methyl propxy propane (d 2-Methyl-1-propoxy propane (c

Åñ�ŠÏ~¬ï™Zä6,''''qÝƒ@*ìX HBF eZ,̂z4
$4-£4è
G
G
GEZzgZ

#-Ÿ5ÿ
GG

GZÈiÃ X8

Diethyl ether (b Ethymethyl ether (a

Ethyl alcohol (d Dimethyl ether (c

~¬ï™@*ìÂX (Cold Condition) Æ‚BQ}âjw HI Z
#-Ÿ5ÿ
GG

G
$4-Ÿ5ÿ
G
G

GZpZ# X9

W-eZ[+qÝƒD÷X (b ZÈiqÝƒD÷X (a

Z
#-Ÿ5ÿ
GG

GZÈiZzg
$4-Ÿ5ÿ
G
G

GW-eZ[+qÝƒVÐX (d
$4-Ÿ5ÿ
G
G

GZÈiZzgZ
#-Ÿ5ÿ
GG

GW-eZ[+ (c

Æ‚B�lŠ¶6, HI Z#eZñZ
#-Ÿ5ÿ
GG

GZpÃ X10

Z
#-Ÿ5ÿ
GG

GZÈiqÝƒÇ (b Z
#-Ÿ5ÿ
GG

GW-eZ[+qÝƒÇ (a

Zy~ÐÃð7 (d ŠzâV�Ð (c

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

**xZzgÕÿ IUPAC»methyl isopropyl ether Zzg n-butyl ether isopropyl etherÔn-propyl ether X1

C�X

eZ,̂z4ZÈi6,HZW,ƒÇ?Z,YzZáõÝÅ{òÒy™,X X2

ZÈiÆggZ]ÐáZiyZp¾§b»g™,Ð?VwŠ}™ŒNX X3

ZpÆ8pZmÒy™,X X4

ZpkÃîgpp6,Ã̈KgŠ¿7ƒ@*ìX X5

ZpÆZZEÑ]6,gzÝeZaX X6

ZpZ#{ØËguZŒÆ‚B¬ï™}ÂÃyÐõÝqÝƒVÐ? X7

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

ÐáZiyZzg)áZiyZpÅ»g~ÅZq-Zq-VwŠ}™Œ�X Williamson Synthesis X1

»Q}âjwZzg�lŠ¶6,YzZáZµZµ¬ï~VwŠ}™Œ�X HI ;àgzW-eq-ZŒ X2

ÃŠ!*îeZw™�lŠ¶6,HƒÇX ZÈiZzg X3
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(Suggested Books for Further Readings) '×h+_¬Æa?m,™Š{ÂÁ 7.11

1. Concept of Chemistry by Dr. Mazahar Farooqui , S.V. Kuberkar and S.D. Naikwad.

2. Advanced Organic Chemistry by Arun Bahl and B.S Bahl

3. Chemistry for Degree Student by  R.L Madam

4. Mordern Organic Chemistry by Jagdamba Singh and Anand Vardhan

5. Objective Chemistry by O.P Agarwal and Deepak Agarwal

6. 500 Solved Problems in Organic Chemistry Arun Bahl and B.S Bahl
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:Z<W‚à 8 Z»ð
(Epoxides)

Z»ðÆZbZ
ā 8.0

£œ 8.1

Âxl 8.2

¬x**x 8.2.1

**x IUPAC 8.2.2

Z<W‚àÅ»g~Æ§j 8.3

ZÖì;àg+Æfg= 8.3.1

Z96,ZŒ»ZW, 8.3.2

8pZm 8.4

ZŒÆfg=Z<W‚àÅg8-ÅÜ 8.4.1

Z<W‚àZzgZÈi 8.5

!Z!ÓÏ¬ï~¬ï 8.5.1

Z‚ÏÓÏ¬ï~¬ï 8.5.2

Z<W‚à»Zñ*Æ‚B¬ï 8.6

Z<W‚àÆZEÑ] 8.7

Zõ!}ò 8.8

ã~ZÖp 8.9

%:ZJãÎZÑ] 8.10

'×h+_¬Æa?m,™Š{ÂÁ 8.11
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ā 8.0

÷X ‚àz{ZpkìX~&Mg8-~Zq-Wxñ�Šƒ)ªŠz»g0ZzgZq-Wx(Z<W‚àÃWšZg+Ìë Z<W

ƒD (-SP3 hybridized) ‘]¿ -SP3 Z<W‚àZq-{m§bÆZpƒD÷XZk~ñ�ŠŠzâzV»g0ZzgZq-Wx

åîg (-SP3 hybrideorbital) ‘]¿ -SP3 ÈlÆfg=ÈñƒñƒD÷XWxÆ -δδδδ ÷Xt�CÙZq-Šzu}Ð

»iZztƒ@*ìX 60o ÆÖ@~ C-O-C Z¼zyƒD÷X (non-bonded) 6,½,ƒD÷ZzgŠz)ÈÙ

£œ 8.1

Æ!*g}~¥â]qÝ™,ÐX (Epoxide) ZkZ»ðÃ7,"ÆŴ\Z<W‚à X1

Z<W‚àÆ**xŠ¶»§iZzgZpÐZ<W‚àÅ³>Ø™BÐX X2

ZkÅ8pZmÆ!*g}~¥x™,ÐX X3

Z<W‚àÅ6ðpZmW\Å¥â]~'×h+ZŸ†™}ÏX X4

W\™BÐāZÈiZzgZ<W‚àZ‚ÏZzg!Z!úÏ¬ï~ùZµZµõÝŠï÷X X5

Wy~Z<W‚àÆZEwW\Å¥â]~'×h+ZŸ†™Š}ÏX X6

Âxl 8.2

(Common Name) ¬x**x 8.2.1

Îc*Y@*ìVwÆîg6, oxide aèZ<W‚àZpÐ“WƒD÷ZÏaZ<W‚àÃ**xŠ¶ÆaZÏZp**xÆˆ

Æ**xÐÌågZY@*ìX‚B~WxX»g0�CÙÐÝìZyÆ oxygen bridgeªepoxy Z<W‚àÃ
»g0Ã�Š}™ªCÙHY@*ìX

**x: IUPAC 8.2.2

(substitution Ã�ŠwW¦/Zg+ epoxide ë÷X oxiraneÃ (ethylene oxide) Zk§i»g~Z
#-£Ó4è
GG

GW‚à
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Ìë÷XZk~g8-ÆWxÃZq-�Šc*Y@*ìX oxirane)

Z<W‚àÆ»g~Æ§j 8.3

Z<W‚àÃqgzfs§hVÐ»gHYYìX

Æfg=: (α-halohydrine) ZÖì;àg+ 8.3.1

Æ‚B¬ï™ä6,Z
#-£Ó4è
GG

GEW‚à‘W÷X Conc NaOHÃ (ethylene chlorohydrin) Z
#-£Ó4è
GG

GE³gz;àg+

(Action of Peracid on Alkene) Zp6,6,ZŒ»ZW, 8.3.2

(peracid) ~Ú�lŠ¶6,z{6,ZŒ (dichloromethene) Zq-)ª…~‰eZñ³gz
$4-£4è GGGE (alkene) Z9

¯D÷XZk§iÃ (epoxide) z){Æ‚B¬ï™ÆZ<W‚à Pertrifluoroacetic acidÔPerbenzoic acid‰

ë÷X epoxidation

§T»g:
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8pZm 8.4

Z<W‚àÆ8pZmZpÐXR÷XpZ<W‚à&Mg8-÷ZÏaZ<W‚à6,»°Úîƒ@*ìXZÏa

ÅwŠêìX (ring) ¬ïÆfg=tZKg8-

: (Opening of Epoxide by Acidic Reagent) ZŒÆfg=Z<W‚àÅg8-ÅÜ 8.4.1

)!Z!ÓÏ¬ï(ÅzzÐZ<W‚àÅg8-ÅàYCìX Acidic Reagent

ƒ@*ìX (Protonation) ¬%µ~Wx»6,zIV §§§§iiii»»»»gggg::::

Wœ/z4WM6,ú™@*ìX (Nucleophile) Šzu}%µ~%œ/I

6, 6,—)Ïî™uc* Zq-Â (Nucleophile) t%œ/I
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Šzu~!Z!ÓÏ¿Æfg=Z<W‚àÆ¬5]: 8.4.2

Z<W‚àZzgZÈi 8.5

Z<W‚àZzgZÈi!Z!ZzgZ‚ÏŠzâVÓÏ¬ïÅñ�ŠÏ~¬ï™D÷X)áZiyZ<W‚à6,%œ/I

6,ú™@*ìTÅzzÐg8-ÁYCìXYzZáõÝgáLO¿Åqª6,«ƒ@*ìXVwÆîg6, (ring) §8- (Nucleophile)

Z
#-Ÿ5ÿ
GG

GZÈiZzgZ<W‚àÆ%·]!Z!ÓÏ¬ïZzgZq‚ÏÓÏ¬ïŠzâV~ZµZµõÝŠï÷X

!Z!ÓÏ¬ï~¬ï: 8.5.1

Z#Z
#-Ÿ5ÿ
GG

GZÈiÆ‚B!Z!ÓÏ¬ï~¬ï™D÷Â 1,2-epoxy-2-methylpropane

qÝƒ@*ìX 2-ethoxy-2-methyl-1-propanol

§i»g:)áZiyZ<W‚àZzgZÈiÅ!Z!ÓÏ¬ï¬ïÅñ�ŠÏ~ZÈi»WxZ<W‚àÆZk»g06,ú™@*ì
T»g06,;àgzXÅ®ZŠÁƒCgì)c*�Šwic*Š{ƒD÷(
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Z‚ÏÓÏ¬ï~¬ï: 8.5.2

ZzgZ
#-Ÿ5ÿ
GG

GZÈiÔZ‚ÏÓÏ¬ïÅñ�ŠÏ~¬ïÐ 1,2-ethoxy-methyl-propand

¯D÷X 1-ethoxy-2-methyl-2-propanol

§i»g:)áZiyZ<W‚àZzgZÈi»Z‚ÏÓÏ¬ïÅñ�ŠÏ~ZÈi»WxZ<W‚àÆZk»g06,ú™@*ìTÐ

ic*Š{;àgzXÝƒD÷)c*T6,Á�ŠwƒD÷(

Z<W‚à»Zñ*Æ‚B¬ï 8.6

Z<W‚à¹!~Ð¬ï™äzZá%·]ƒD÷ZkÅZq-zzZkÅg8-6,WäzZÑÚîìXZÏaZ<W‚à
¬ïÆfg=ZKg8-ÃÅ%Å&¢Ag‚rìX

Z<W‚àZñ*Ð¬ï™ÆZñeZ
#-Ÿ5ÿ
GG

GZÈiŠï÷X
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§T»g:

Z<W‚àÆZEÑ] 8.7

Sature (bandages) Ã(,}eä6,Šó Z<W‚àpgŠ|Y0+ZgÃâgäÆaZEwƒ@*ìXZÏaZ
#-Ÿ5Òè
GGGEW‚à

WÑ]Ã™s™äÆaZEwƒ@*ìX Surgucal Zzg

‰�ËÌâùÃ_ÐgzÇìóÅ (ethylene glycol) Z
#-£Ó4è
GG

GE†rw (Detergent) Z
#-£Ó4è
GG

GEW‚àÃeñú

»g~~ZEwHY@*ìX

(Learning Outcomes) Zõ!}ò 8.8

W‚à ZkZ»ð~W\äZ<W‚àÆ!*g}~-¥â]qÝÅXZ<W‚àÆÖ@ÈÙiZztÃÌ¥xHXZ<

Æ§jÐ**xŠ¶~'g]qÝÅXáZiyZzg)áZiyZ<W‚àÃ¯äÆZµZµ§i]ÀŸ/õGXZ< IUPAC Ã¬xZzg
W‚àÆ8pZmäW\Å¥â]~'×h+ZŸ§HXZ<W‚àÆ6ð¬5]~Ì'g]qÝÅZzgZÏÆZµZµ

ZEÑ]ÌYäX

(Keywords) ã~ZÖp 8.9

½™Z@*ìX � !Z!ÓÏ¬ï X1

c*%œ/I%“½™Z@*ìX � Z‚ÏÓÏ¬ï X2

ìXŠzâVÝƒX B Zzg -OH Z,**xC%“XÐ ZÖE;àg+ X3

6,*.çEEEzq-ZŒ X4

wÐ³gz6,*.çEEEzq-ZŒ X5
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(Model Examination Questions) %:ZJãÎZÑ] 8.10

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

ZpÅZq-nZ<W‚àì� X1

egMg8-6,Œ%“ìX (b &Mg8-6,Œ%“ìX (a

bMg8-6,Œ%“ìX (d 0*õMg8-6,Œ%“ìX (c

Z<W‚à~ñ�Š»g0'''‘]ƒD÷X X2

X�Z[Šg„ìX (d SP3 (c SP2 (b SP (a

Z
#-£Ó4è
GG

GE³gz;àg+Z‚kÆ‚B¬ï™Æ''Šï÷X X3

Z
#-Ÿ5Òè
GGGE (d Z

#-Ÿ5ÿ
GG

GZÈi (c Epoxyethane (b Epoxy propane (a

%“»**x X4

(Benzoic acitate) *.çEEEzq-ZŒi+ (b (Benzoic acid) *.çEEEzq-ZŒ (a

(Benzalalehyde) *.çEEEZ®Œ[+ (d (Benzoic peracid) *.çEEEzq-6,ZŒ (c

Z<W‚àËÌZ‚kc*F,ÚÓÏ¬ïÆ‚B¢¬ï™D÷Yè X5

ƒ@*ìX (strain) Z<W‚àÆg8-6,Úî (b ƒD÷X (unstable) Z<W‚à)L (a

%“ìX (polar) Z<W‚àZq-ª (d Z<W‚à»Wx¬ï™@*ìX (c

Z<W‚àÔ
$4-Ÿ5ÿ GGGZÈiÆ‚B!Z[Åñ�ŠÏ~¬ï™,Â'''qÝƒVÐX X6

Ethoxy methanol (b 2-Methoxyethenol (a

1,2- Ethandiol (c 2-Ethoxy ethanol (c

»0*ãÆ‚B¬ï'''ŠêìX (Oxirane) Wœ/ZJ+ X7

1,2-Propandiol (d 1,2-ethonediol (c (ethene) Z
#-£4è
GG

GE (b ZpÅ?iî (a

)áZiyZ<W‚à!Z[Åñ�ŠÏ~Z#ZÈiÆ‚B¬ï™@*ìÂZÈi»WxZ<W‚àÆ''»g06, X8

ú™@*ìX
z{»g0T?;àgzXÅ®ZŠÁƒ (b ËÌ»g06, (a

Wx6, (d z{»g0T?;àgzXÅ®ZŠic*Š{ƒ (c

)áZiyZ<W‚àZ‚kÅñ�ŠÏ~Z#ZÈiÆ‚B¬ï™@*ìÂZÈi»WxZ<W‚àÆ''»g06, X9

ú™@*ìX
z{»g0T?;àgzXÅ®ZŠÁƒ (b ËÌ»g06, (a

Wx6, (d z{»g0T?;àgzXÅ®ZŠic*Š{ƒ (c
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Z
#-£Ó4è
GG

GEW‚àÃ''ÆaZEwHY@*ìX X10

WÑ]Ã™s™ä Surgical (b Detergant (a

XÆa (d Anti-freezing (c

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

Z<W‚àHì? X1

**xC�X IUPAC %“»¬xZzg X2

ÃZ‚kÅñ�ŠÏ~¬ï™ä6,YzZÑõÝZzg§i»gC�X ethylene chlorohydrin Z<W‚àZzg X3

Zzg0*ã»¬ïC�X Oxirane X4

Z<W‚àÔZñ*Æ‚B¬ï™ÆÃ̈KõÝŠ,Ð? X5

Z<W‚àÆZEÑ]CNX X6

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

õÝ-Òy™,X trans Zzg cis ÆZW,Ð Peracid »HZW,ƒ@*ì? Peracid Zp6, X1

-C�X (Mechanism) Z<W‚àZzgZÈi»Z‚ÏZzg!Z!ÓÏ¬ï~YzZáZµZµõÝ»§i»g X2

(Suggested Books for Further Readings) '×h+_¬Æa?m,™Š{ÂÁ 8.11

1. Concepts of Chemistry by Dr, Mazhar Farooqui, Dr.S.V kuberkar and Dr. S.D Naikwade

2. Chemistry for Degree Stuclands by R.L Madan

3. Advanced Organic Chemistry by Arun Bahl and B.S Bahl

4. Mordern Organic Chemistry by Jagbamba Singh, S. Anandnardhan

///
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I :²wÅ6YD 9 Z»ð
(Chemistry of Solution - I)

Z»ðÆZbZ

ā 9.0

£œ 9.1

²wÆZlx 9.2

²w»Zg‚iZzgZ»×V 9.2.1

âù~’»²wÔ42.ç XGE~»çZzgZāZsÔŠ»ZW, 9.2.2

âùXâù²wgî«»ç 1.3

gî«ÆçÐZāZsÔ»ïZzg)»ï²w 9.3.1

»ïZzg)»ï²wÆgg~Š!*îF,IÔŠF,I
!-

D45é
EE

GVZzg=ô 9.4

Zõ!}ò 9.5

ã~ZÖp 9.6

%:ZJãÎZÑ] 9.7

'×h+_¬Æa?m,™Š{ÂÁ 9.8
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ā 9.0

Šzc*iZZ+ZbZYY»I÷Wö{Ô²wB@*ìXZk~ZbZYY»Úƒ)¥ƒ@*ìªZbZYYÅlZg(,Jðc*]ðY$Ë

ìXZq-†k~0*ãá™ðh~lZg~]5™p[Zh§bhñXW\x@{™,Ðā]ÆfgZ]åîg6,iƒ‰÷Zzg

ë÷X (Solvent) I÷²wqÝƒZìX²w~0*ãZq-zZ‰ìT~]iƒ̂ìX0*ãÃ…

ë÷XZk§bŠzu}̂kÔâùc*’Ã0*ã~ (Solute) ²w»ŠzuZb]ìX�åîg6,iƒ̂ìX]Ã
!-Cÿ
E

5ä6,²wqÝƒ@*ìXt¢zg~7āÜs0*ã„…ƒXZkÅ(ŠzuZâùÔ̂kc*’ÌƒYìX²w~Z¤/0*ã…ƒÂZk

ë (Non aqueous Solution) ë÷ZzgZ¤/Ãð**xCc*)**xC…ƒÂZkÃ)W!²w (aqueous Solution) ÃW!²w

¹Y@*ìX (Ammonical Solution) ÷XZÏ§bZñ*…ƒÂ²wÃZñ*ð²w

²wZzgZbZYÅ»g¤/ŠÏÆ!*g}~Ãð{mZßw7ƒ@*XiÑÆaic*Š{lZg~0*ñYäzZÑb…ZzgÁ

lZg~ñ�Šb
!-Cÿ
E

B@*ìX

0*ã…ìX 90% ZÈi
!-Cÿ
E

Zzg 10% ZÈi²w~ 10%†:

£œ 9.1

ZkZ»ð»ÑøDfsÆ!*g}~¥â]�ÛZë™**ìX

²wZzg²wÆZlx

²w»Zg‚iZzgZkÅZ»×V

âùX’²wÔ42.ç XGE~»çZzgZāZs

âùXâù²wÔgî«»ç

gî«ÆçÐZāZsÔz�;]

»ïZzg)»ï²wZzgZyÆgg~Š!*îXF,IZzgŠXF,IÅ
!-

D43ð
EE

GVÅ=ôX

²wÆZlx 9.2

ëY…÷āŠzZbZYÃI÷§j6,5äÐzð²wqÝƒ@*ìX
!-Cÿ
E

Zzg…ÅlZgÅZ‚k6,²wÆŠzZlxƒD

ë (Concentrated Solution) Zzg
!-Cÿ
E

ÅlZgic*Š{ƒÂ%6²w (Dilute Solution) ÷XZ¤/
!-Cÿ
E

ÅlZgÁƒÂZkÃ−c*²w

÷X
²wÆZlxÃfs~Šc*ŠHìX
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VVVVwwww …………
!!!!----CCCCÿÿÿÿ
EEEE

²²²²wwww

ƒZÔ}Wö{ ’ ’ ’X’

0*ã 0*ãÔ âù ’ ’Xâù

k̂ ’ ’X̂k
ºÔŠ®)’~0*ãÆ¢}( ’ âù âùX’
ZÈi+0*ãÔ*.çEEE++**>z*.çEEE+ âù âù âùXâù

Au+Hg k̂ âù âùX̂k

ŠðZV)»g0ÆfgZ]ƒZ~( ’ k̂ k̂X’
]»²wÔ#»²w âù k̂ k̂Xâù

Ag+Cu Ô(Zn+Cu) ½'XZ k̂ k̂ k̂X̂k

Zz6,Æ].zwÐtªCÙƒ@*ìāZq-
!-Cÿ
E

Ã’ÔâùÔ̂k~5ä6,zð²wqÝƒD÷XqÝ”{²w~
!-Cÿ
E

Zzg

…ÆS:]»ZÖgƒ@*ìX

:²w»Zg‚iZzgZÖg)Z»×V(: 9.2.1

Zz6,ÒyK‰²ßV~̂kÔâù²w»¬xîg6,_·HY@*ìXZ²w~
!-Cÿ
E

Zzg…ÅlZgZƒCìXŠb

‰²w~…ÅlZg~ñ�Š
!-Cÿ
E

ÅlZgÃZg‚ië÷X
²wÆZg‚iÃZ§hVc*Z»ÇV~ªCÙHY@*ìX¬xîg6,²wÆZg‚iÃøDfs§hVÐªCÙHY@*ìX

(Molarity)'M' ñÑg¨ .1

(Molality) 'm' ñÑp .2

(Normality) 'N' **gR .3

(Mole Fraction) 'X' ñwŸ .4

(Percentage) °œ .5

(Molarity) 'M' ñÑg¨ .1

Zq-
!-Cÿ
E

»ziy�ZkÆ‚@ziyÆ)z~ƒÔZq-ñwc*Zq-¤/Zx‚@ziyB@*ìXZkÃŠgzfs)zZ]ÐªCÙH

Y@*ìX
!-Cÿ
E

»ziy
!-Cÿ
E

»‚@ziy
ñw= (mole)       ....(9.1)
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(Gram »ziyZq-ñwc*Zq-¤/Zxñwc*Zq-¤/Zx‚@ziy NaCl ¤/Zx 58.5 ì58.5 (23+35.5) »‚@ziy NaCl }

»‚@ziy ( G l u c o s e ) B@*ìXZÏ§b‰Ãi M o l e c u l a r  W e i g h t )  G MW

ñwƒÇX 0.5 ¤/Zx‰Ãi 90 ¤/Zx‰ÃiZq-ñwB@*ìX 180 ìZÏ§b

ziy

‚@ziy
‰Ãi»ñw=

ñwƒÏX 0.1 (~ñwÅlZg 40= )‚@ziy NaOH ¤/Zx 4 ZÏ§b

ziy

‚@ziy
»ñw= NaOH 

!-Cÿ
E

ÆñwÅ®ZŠ�Zq-{²w~ñ�ŠƒÔñÑgB̈CìXñÑgÃ̈fsÅ)zZ]ÐªCÙHY@*ìX  
!-Cÿ
E

ÆñwÅ®ZŠ

²w»w){~(
= (M) ñÑg¨

{ƒÂ 'V' ƒZzg²w»w 'n' Z¤/
!-Cÿ
E

ÆñwÅ®ZŠ

ñÑg¨ (M) .....(9.2)

B{ƒÂ 'V' ƒZzg²w»w (M) Zzg‚@ziy (W) Z¤/
!-Cÿ
E

»ziy

{ƒÂ B Ô²w»w
!-Cÿ
E

»ñw

ñÑg¨    .....(9.3)

(Molality) 'm' ñÑp .2

¤/Zx…~ñ�ŠƒóñÑpBCìXZkÃfsÅ)zZ]ÐªCÙHY@*ìX 1000
!-Cÿ
E

ÆñwÅ®ZŠ�
!-Cÿ
E

ÆñwÅ®ZŠ

~(kg) …»ziy
= (m) ñÑp

ƒÂ kg  'W' Zzg…»ziy 'n' Z¤/
!-Cÿ
E

ÆñwÅ®ZŠ

  .....(9.4)

¤/ZxƒÂ 'W' Zzg…»ziy Zzg‚@ziy 'w'
!-Cÿ
E

»ziy

 ñÑp   .....(9.5)
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(Normality) 'N' **g$Ó4-öGH .3
!-Cÿ
E

Æ¤/ZxçŠwziyÅ®ZŠ�Zq-{²w~ñ�ŠƒÔ**g$Ó4-öGH
BCìXZkÃfsÅ)zZ]ÐªCÙHY@*ìX

!-Cÿ
E

»¤/ZxçŠwziy

²w»w){~(
=  'N' **g$Ó4-öGH

{ƒÂ 'V' Zzg²w»w 'E' Z¤/
!-Cÿ
E

»¤/ZxçŠwziy  

            .....(9.6)

B{ 'V' ²w»w GEW ¤/ZxçŠwziy w Z¤/
!-Cÿ
E

»ziy

ƒÂ

                   .....(9.7)

)¤/ZxçŠwziy( Gram Equivalent Weight = GEW Ô

¤/ZxçŠwziyZzg‚@ziyÆģÃfsÐŠc*Y@*ìÔ
‚@ziy

(Valency) ¤/Ä
= ¤/ZxçŠwziy   .....(9.8)

ƒÇX 49 ìÂ¤/ZxçŠwziy '2' ZzgÜÅ¤/Ä 98 »‚@ziy }

»¤/ZxçŠwziy

(Mole Fraction) ñwŸ .4

²wÆZg‚iÃ
!-Cÿ
E

ÅñwŸc*…ÅñwŸÐÌªCÙHY@*ìX²wÅ
!-Cÿ
E

ÅñwŸÐ%ZŠ
!-Cÿ
E

ÆñwÅ®ZŠZzg
ƒÂ Zzg…ÆñwÅ®ZŠ ²wÅñwÅ®ZŠÅÚìX�Ûn™zāZq-²w~

!-Cÿ
E

ÆñwÅ®ZŠ
!-Cÿ
E

ÆñwÅ®ZŠ

)
!-Cÿ
E

+…(ÆñwÅ]®ZŠ

!-Cÿ
E

ÅñwŸ   .....(9.9)

…ÆñwÅ®ZŠ

)
!-Cÿ
E

+…(ÆñwÅ]®ZŠ
…ÅñwŸ   .....(9.10)

(Percentage) ‚ .5

ÐÌªCÙHY@*ìX (Volume Percentage) c*w‚ (Weight Percentage) ²wÆZg‚iÃziy‚

¤/Zx0*ã~iHŠHìX 90 ¤/Zx]Ã 10 ]²w»Ètìā 10% }:

B{0*ãñ�ŠìX 90 B{ZÈiZzg 10 ZÈi²w~ 10% ZÏ§b
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„gCÎZw:
ÅñwŸ¥xÙX ¤/Zx0*ã~iHŠHX²wÅñÑpÔ**g$Ó4-öGH

Ô 50Ã ¤/Zx 9.8

²wÅñÑp:

¤/Zx 50 ¤/ZxÔ0*ã»ziy= 9.8 = »ziy

1000
!-Cÿ
E

»ziy<
!-Cÿ
E

»‚@ziy<0*ã»ziy
= 'm' ñÑp

1000
!-Cÿ
E

»ziy<
!-Cÿ
E

»çŠwziy<0*ã»w
= 'N' **g$Ó4-öGH

ÅñwŸ:

Æñw

Æñw

ÅñwŸ

(Solution of Gas in Liquid) âù~’»²w 9.2.2

âO]‰0*ã~’iƒ™âù~’»²w»g™D÷Xâù~’Åi5+k,~özŠZzg¥ƒCìX’Åi

 »W!²w CO2 5+k,~»Z®gâùÅâÎ6,ƒ@*ìX0*ã~ƒÐic*Š{i5+k,’Zñ*ìX»g0eZðW‚à0*ã~iƒ™

¯CìX0*ãÐ¬ï™äzZà’Šzu~uVÅ/Úic*Š{i5+k,ƒC÷Xâù~W‚ã (Carbonic acid) »g17-F,˜

ÐpsƒäzZà’ic*Š{i5+k,ƒCìXZÏa;àgzXZzgWxÐic*Š{Zñ*’ic*Š{i5+k,ƒCìXâù~’»zð
»¬xZßwìāª%·]Ôª²w‰0*ã~ic*Š{i5+k,ƒD÷X)ª%·]‰**xC%·] (Binary System) Âx

Ô)**xC…*.çEEE+~i5+k,ƒD÷XŠ~ZŸ†Ð’Åi5+k,~~¶zZµƒCìX

(Henry's Law) 42.ç XGE~»ç
eÚ42.ç XGE~ä’Åi5+k,~ZzgŠ!*îÆŠgxyZq-lZg~ģ7HXZkÃ42.ç XGE~»çë÷XZkçÆ_.x

Š6,Šb‰…Æw~’Åi5+k,~gZ„pÐƒƒCì’ÆŠ!*îÆXZ#āâùZzg’¬ŠwÅqª~ƒX

ZkçÃ̂!§iÐfsÅ)zZ]ÐªCÙHY@*ìX
xŠ6,
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c*

  .....(9.11)

’»Š!*î =P ’Åi5+k,~)’Åi”{®ZŠ°Z»ðw…~(Ô =S Úƒ»!3¨ÿ
GG

Ô =K ˜V6,

(Limitation of Henry's Law) 42.ç XGE~Æ®Í/õGÆ÷h+Z]
’»Š!*îÁƒ**ecX X1

Šic*Š{Á7ƒãecX X2

i5+k,~ÆŠzgZyŠ~p~7ƒãecX X3

)»g17-F,˜(qÝƒ@*ìX ~¬ïÐ Zzg  ’ZzgâùÆŠzgZyÃð¬ï:ƒX6ā X4

âù~’»ZítZzgZ"5Õä
JGs:ƒ**ecX X5

Zkç»Z:tÜs−c*²w6,ƒ@*ìX X6

(Liquid - Liquid Solution) âùXâù²w 9.3

¯D÷XZkÃâO]» (Binary Solution) 6āW\Y…÷ÔâO]ÌâO]~i5+k,ƒD÷Zzgzð²w
ë÷XtzðâùWö{ÌB@*ìXZyÅzWeä6,&Zlx~ŠgzÈ~ÅYC (Binary System of Liquids) zðÂx

ìX
(Completely Miscible Liquids) Xåi5+k,âO] 1

(Partialy Miscible Liquids) Xbz~i5+k,âO] 2

(Completely Immiscible Liquids) Xå**i5+k,âO] 3

Xåi5+k,âO]: 1

zðWö}�ŠzâO]6,ŒƒD÷ZzgËÌÚƒ~i5+k,ƒD÷Ôåi5+k,âO]BD÷X†ê0*ãZzg
ZÈi»Wö{ËÌZg‚i6,i5+k,ƒ@*ìXZkWö}~

!-Cÿ
E

Zzg…Ã×™**Âƒ@*ìZzgtåI÷ƒ@*ìX
Xbz~i5+k,âO]: 2

zðWö}X~âO]Ååi5+k,~ZbZYÆÚƒÆözŠŠZ],{~ƒÂtbz~i5+k,âO]BD÷XZ¤/
Ã¬xŠ6,ðh~lZg~0*ã~5c*YñÂt0*ã~åîg6,iƒY@*ìXZ¤/_wÆZŸ±ÃYg~g3YñÂ (Phenol) _w

Zq-y6,(Að FXiÆˆ'×h+lZg0*ã~i7ƒCZzgâO]ÅŠz6,'qÝƒC÷XtŠz6,'!*nKM0*ã~_w»§”{

ë÷XZkÆ´z{ZpXZ"5Ó4è
EGGEÔ»g0 (Conjugate Solution) ²wZzg_w~0*ã»§”{²weC÷XZyÃizY²w

eZðÏàX$4-£é GGLZÈiÔZ"5Ó4è
EGGEX3¾æ XE+bz~i5+k,âù�hc*V÷X

Xå**i5+k,âO]: 3

zðâùWö}ÅFVB÷X~Wö}ÅF,IÆåŠZ],}~ÌŠzâO]ËÌÚƒ~i5+k,~»ZÖg
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7™DX}0*ã~»g0eZðÏàËÌÚƒ~i5+k,7ƒ@*XZÏÃå**i5+k,âO]Å�h~ë÷X

(Raoults Law of Liquid - Liquid Solution) gî«»ç)âùXâùWö{(
ÆpÐƒƒ@*ìX�Ûn (Mole traction) gî«Æ®Ó4/õ GJÆ_.âùWö}~âù»bz~gg~Š!*îZkÆñwŸ

÷XâùWö{» Ô ZzgñwŸ Ô 6,ŒìXâO]Æbz~gg~Š!*î!*nKM B Zzg A ™zāZq-zðWö{âO]

Æù´Æ',Z',ƒ@*ìX Zzg Ô'P' ]gg~Š!*î

{ØâO]»gg~Š!*îìX Zzg ˜V

)]gg~Š!*î(

  .....(9.12)

:gî«ÆçÐZāZsÔ»ïZzg)»ï²w: 9.3.1

B@*ìXªWö{» (Ideal System) Z(Wö{�ËÌF,Ic*Úƒ6,gî«ÆßÆ@*,ƒ@*÷Ô»ïc*VàÂx
]Š!*îÔâO]Æbz~Š!*îÆù´Æ',Z',ƒ@*ìX

gî«ÆçÆ_.gg~Š!*îZzgñwŸÆŠgxyF,®r6,âāqÝƒ@*ìX

(Fig. 9.1) 9.1 ^

Z,ÂxÅ®ZŠözŠì�Zg‚iÆÓxŠZ],}~gî«Æ®Í/õGÆ_.ƒD÷F,®r6,µZzgtZāZsÅ

ÔeZðZ#-£é GGLZp n-Heptane + CCl4
!-

D45é
EE

GVqÝƒNXÃZz6,̂~ªCÙHŠHìXµZāZs»ZÖg™äzZáÂx

Z$h43ð GH
Gy÷X - Ô³gzÃx Pyridine Z#-£é GGLZÈi÷XtZāZs»Ög™äzZáÂxZ$h45ë GH

GF,+̃ +n-Heptane +Z$h43ð GH
GyÔ
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gî«ÆçÐZāZsÅz�;]:
âO]ÆZ0+gzãŠ!*î~ic*Š{�Ût .1

âO]Å†~úc*V�Ût .2

;àgz»g0ÅiîÅMð~ic*Š{�Ût .3

(Association) ‚Ó]~Z�Šc*Z"5Õä
JGs .4

âO]Æbz~Š!*î~ic*Š{�Ût .5

zðWöÆ“WÆŠzgZywZg]_.[c*{g`ƒCìª .6

zðWöÆw~p~7ƒãecªw~ZŸ†c*¶:ƒãec .7

»ïZzg)»ï²wÆgg~Š!*îXF,IZzgŠXF,I
!-

D45é
EE

GVZzg=ô: 9.4

ÆA-B ëY…÷āâùXâùzðWö{�gî«Æ®Í/õGÆ@*,ƒ@*ìX»ïc*Và²wB@*ìXZkWö}~

ŠzZâO]÷�zðWö{¯D÷(X B Zzg A Î‚ÓCæÆ',Z',ƒCìX) B-B Zzg A-A ŠgxyÎ‚@̧]æÔ

÷X Ethylene bromide + Ethylene chlorideÔn-Heptane+n-HexaneÔToluene+Benzene »ï²wÅVB
âùXâùzðWö{�gî«Æ®Í/õGÐZāZs™@*ìó)»ï²wB@*ìXZq-)»ï²w“WÆŠzgZywZg]_.[c*{g`ƒC

Zzgw~p~zZµƒCìª ì
Î‚ÓCæÐZƒCìX)»ïWözV~µc*tZāZszZµ B-B Zzg A-A ÅÎ‚@æÔ A-B ZkWö}~

ƒ@*ìX
gg~Š!*îXF,IÅ

!-
D45é

EE
GV:

»ïzðWö{Æagg~Š!*îXF,IÅF,®r6,â
!i©-

ê
G

GqÝƒ@*ìZ#ā)»ïWözVÆa
!-

D45é
EE

GV

qÝƒC÷X»ï²wZzg)»ï²wÆµZzgtZāZsÆ
!-

D43ð
EE

GVÃfs~ec*ŠHìX (Curves)

:gg~Š!*îXF,I
!-

D45é
EE

GVX»ï²wÔgî«Æ®Ó4/õ GJÐµZzgtZāZs 9.2 ^
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(Vapour Pressure-Temperature Curves) gg~Š!*îXŠÅ
!-

D45é
EE

GV

BC (Distillation) ZbZYÅ´uÏ> (Volatile) Zy5+k, I÷Wö{~$©û
EG�lJ-Š~ZŸ†Æfg): Zq-

ìX
6,Benzene6, Zzg Acetone Š6, ÆWö}ÅŠ~ZŸ†™ä6, Benzene Zzg Acetone}

ÅlZgic*Š{ Benzene ggZ]Å̂~´u{ƒä4ìZzgaƒñWö}~ acetone Š6, ´u{ƒ@*ìX
´u{:ƒYñX Acetone ƒCìXt¿Zkz‰ÜJ-Yg~gLìZ#J-Óx

"g6,F,IÃ1Y@*ìXZk x "g6,$©û
EG�lZzg Y âùXâùWözVÆ$©û

EG�lZzgF,IÃF,®Å̂~7HY@*ìX
§bŠzÈqÝƒD÷Zq-ÈâùZzgŠzu~ÈggZ]ÅF,IÃeCìX!*ÑðÈggZ]ÅÈBCìZzg¬ÈÔâùÅÈ

BCìXggZ]~ic*Š{:Zy5+k,bz)Á`�lzZÑbz(ÅlZgic*Š{ƒCìXZ#āÁ:Zy5+k,bz)ic*Š{$©û
EG�lzZÑbz(

ÅlZgÁƒCìX
Š!*C}òÅF,®r6,&ZnÆÈqÝƒD÷X

X«n:T~$©û
EG�l~’góZŸ†ƒ@*ìX 1

XŠzu~n:T~$©û EG�lZdF,+ƒ@*ìX 2

XŠ~n:T~$©û EG�lZWF,+ƒ@*ìX 3

X«n:$©û EG�l~’góZŸ†: 1

�̀lXF,IÅÈÃfsÅ̂~ªCÙHŠHìX

!*ÑðÈgg~zÅF,IZzg¬ÈâùzÅF,IÃªCÙ™CìXggZ]~Á`�lbzÅlZgic*Š{ƒCìX0*ãXZ$h43ð GH
GyÔ

ZpXZ$h43ð GH
GyÔ³gz2+X',zñ*.çEEE+ÂxZkÅVB÷X
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XŠzu~n:ZdF,+$©û
EG�l: 2

$©û
EG�lXF,IÅÈÃfs~Šc*ŠHìX

6,X÷�ZdF,+$©û
EG�lÆWö}ÃªCÙ™@*ìXZkŠ 'R' !*ÑðÈggZ]Zzg¬ÈâùÃªCÙ™CìXtŠzâV$©û

EG

6,¬ŠwÅqª~âùZzgggZ]ÅF,I)z~ƒCìXZk$©û
EG6,ñ�ŠâùxŠÃªCÙ™@*ìXF,I~p~Æ%åîg

B@*ìXZk§bÆ (Azeotropic Mixture) 6,>ƒ@*ìXZk§b»Wö{�%ËF,IÆ>ƒ@*ìXë>Wö{
WözVÅF,IZzg$©û

EG�lŠ!*îÆ‚BpsƒD÷Z#-£é GGLZÈiX*.çEEE+ÔZ$h43ð GH
GyX»g06Z³gZàÔ$4-£é GGbZÈiX³gzÃx

ÂxZkÅVB÷X

XŠ~n:ZWF,+$©û EG�l: 3

ÐÝ 'R' 6,X÷ŒV6,Ì R Zkn~Ì!*ÑðÈggZ]Zzg¬ÈâùÃªCÙ™CìXŠzâVÈZWF,+`

Wö{Ôë>Wö{B@*ìXë>Wö}Ã>Æfg)Šz{ØZbZY~´u{™**e7ìXÜsZq-bz�ë>Wö}Å
Šg»glZgÐic*Š{ìqÝ™**eìX

ÂxZkÅVB÷X̀�lF,IÅÈÃfsÅ̂~Šc*ŠHìX Ô
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(Learning Outcomes) Zõ!}ò 9.5

ZkZ»ð~ëŠgzfsÆ!*g}~¥â]qÝK÷X
X²wZzgZkÆZlxzVB 1

X²wÆZg‚i»ñÑg¨ÔñÑpÔ**g$Ó4-öGHÔñwŸ~ZÖg 2

Xâù~’»²wX42.ç XGE~»ç 3

X42.ç XGE~Æ®Ó4/õ GJÐZāZsÔ’Åi5+k,~6,Š»ZW, 4

XâùXâù²wZzgVB 5

Xgî«»çZzgZāZs 6

X»ï²wc*Và²wz{ì�gî«Æç@*,ƒX 7

X²w�gî«Æ®Í/õGÐZāZs™D÷Ô)»ï²wBD÷X 8

X)»ï²w~µZāZsZzgtZāZsƒ@*ìXZk§i¿Åz�;]ÅYïg~ 9

ZÏ§bw XZq-»ï²wZ#ZbZYY5äÐqÝƒ@*ìÂZkŠzgZy:wZg]{g`Zzg:_.[ƒCìXª 10

~ZŸ†c*¶zZµ7ƒC

XI÷zðâùXâùWözVÅ>~ 11

$©û EG�l~’góZŸ†ƒ@*ìX (a

$©û
EG�lZ÷F,+ƒ@*ìX (b

$©û EG�lZWF,+ƒ@*ìX (c

B@*ìX (Azeotropic Mixture) XzðWö{�%ËF,IÆpÐ>ƒ@*ìXë>Wö{ 12

Xë>Wö}Ã>Æfg=ZbZY~´u{e7ìXÜsZq-bz�ë>Wö}ÅŠg»glZgÐic*Š{ƒ@*ìÔqÝH 13

YYìX
Xë>WözVÅF,IZzg̀�lÔŠ!*îÆ‚BpsƒD÷X 14

XZq-I÷Wö}~`�lJ-Š~ZŸ†Æfg):Zy5+k,ZbZYYÅ´uÏ>BCìX 15

(Keywords) ã~ZÖp 9.6

Á`�lzZÑb :Zy5+k,
Zq-—)

!-Cÿ
E

(»Šzu~—)…(~iƒ** i5+k,~

Z(²wT~'×h+
!-Cÿ
E

Ãi™äÅRö:ƒ §”{²w

z{ŠT6,âù»gg~Š!*î™{ƒZðÆŠ!*îÆ',Z',ƒ@*ì �̀l

z{²wT~0*ã…ƒ W!²w

z{zð²w�gî«Æ®Ó4/õ J
GÆ@*,ƒ »ï²w
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z{¿T~zðWö}Ã̀�lJ-¤/x™ä6,:Zy5+k,bz´u{ƒ@*ì >

zðWö{�%ËF,IÆpÐ>ƒ@*ì ë>Wö{

(Model Examination Questions) %:ZJãÎZÑ] 9.7

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

9999����ZZZZ[[[[ÅÅÅÅ¶¶¶¶KKKKyyyyŠŠŠŠ„„„„ÙÙÙÙXXXX

XZq-{²w~
!-Cÿ
E

ÆñwÅ®ZŠìX 1

ñwŸ (d **g$Ó4-öGH
(c ñÑg¨ (b ñÑp (a

Xâù~’Åi5+k,lZgZzgŠ!*î~ģB@*ì 2

egÖ»ç (d !*L»ç (c gî«»ç (b 42.ç XGE~»ç (a

ìX (Conjugate Solution) XizY²w 3

0*ã+*.çEEE+ (d 0*ã+$4-£é GGLZÈi (c 0*ã+;àgz³guF,˜ (b 0*ã+_w (a

XWö}�ËÌŠ6,%F,IÅp~Æ>KYMh÷X 4

ŠJCWö} (d Ÿ~>Wö} (c ë>Wö} (b izYWö} (a

XâùXâùWö}~Zq-âùbz»bz~Š!*îgZ„pÐƒƒ@*ìZkÅñwŸÆ 5

ZzÇegz»ç (d 42.ç XGE~»ç (c gî«»ç (b 3,ê»ç (a

ìX X»g17-F,˜ 6

Ãð7 (d âù+âùWö{ (c âù+̂kWö{ (b âù+’Wö{ (a

Xâù~’Åi5+k,~6,ZW,Z0+ZiƒäzZáúZï÷ 7

ÓxúZï (d ŠŠ!*î (c Š!*î (b Š(a

ìX
!-Cÿ
E

ÅñwŸìX 0.75 Zzg 0.25 XZq-²w~
!-Cÿ
E

Zzg…ÅñwŸ!*nKM 8

0.5  (d 1  (c 0.75  (b 0.25  (a

XâùXâùWö{�ËÌÚƒ)F,I(6,gz«Æ®Ó4/õ GJÆ@*,ƒ@*ìX 9

izY²w (d W!²w (c Ç²w (b »ï²w (a

XâùXâù»ÂxX»eö™Š{gg~Š!*îÔZÝgg~Š!*îÐic*Š{ƒ@*ìX 10

ÇÂx (d tZāZs»Âx (c µZāZs»Âx (b »ïÂx (a
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(Short Answer Type Questions) ¿�Z!*]ÆqïÎZÑ] (B

SSSSzzzzVVVV~~~~ÉÉÉÉ
ÀÀÀÀ
ŸŸŸŸ////õõõõGGGGXXXX 10 ffffssssÆÆÆÆCCCCÙÙÙÙÎÎÎÎZZZZwwww»»»»����ZZZZ[[[[

X42.ç XGE~»çÒyÙZzgözŠZ]ÅzŸs#ÙX 1

Xgî«»çÒyÙZzĝ!̂ÉÀŸ/õGX 2

Xë>Wö}Å°pÙZzgVwŠ£X 3

Xgî«ÆçÆZāZsÅz�;]ÒyÙX 4

Xâù~’6,ZW,Z0+ZiƒäzZáúZïÒyÙX 5

XµZāZsZzgtZāZsÆâùXâùÂxH÷?VBŠ£X 6

¤/Zx0*ã~iHŠHX²wÅñÑpC[ÙX 90Ã NaOH ¤/Zx 4.0 X7

XizY²wÅ°pÙZzgVBÉÀŸ/õGX 8

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

SSSSzzzzVVVV~~~~ssssXXXX 30 ffffssssÆÆÆÆCCCCÙÙÙÙÎÎÎÎZZZZwwww»»»»����ZZZZ[[[[
X²wÐH%ZŠì?ZkÆZZlxVßVÆ‚BÉÀŸ/õGX 1

Xgî«»çÒyÙZzgZkÆZāZsÅz�;]ÒyÙX 2

XZnÆâùzðWözVÆ§i¿ÃÒyÙX 3

X»ï²wZzg)»ï²wH÷?gg~Š!*îXF,IÅF,®é™zŸs#ÙX 4

XF,IXŠÅF,®é™&ZnÆâùXâùÂxÅ=ôÙX 5

(Suggested Books for Further Readings) '×h+_¬Æa?m,™Š{ÂÁ 9.8

1. Text Book of Physical Chemistry by Puri and Sharma

2. Principles of Physical Chemistry by Prutton and Marron

3. Text Book of Physical Chemistry by Soni and Dharmahra

4. Essentials of Physical Chemistry by Bahl and Tuli

5. Text book of Physical Chemistry by Glasston
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(Brief Review of the Gass Laws)

Z»ðÆZbZ
ā 13.1

£œ 13.2

uVÅ‡.ÞeöS:] 13.3

}qª 13.4

(Gas Laws) ’à] 13.5

!*L»ç)Š!*îDwm( 13.5.1

egÖ»ç)ŠgzwZg]Dwm( 13.5.2

µ5Ò3ð
Y

GG¹»ç)Š!*îDŠgzwZg]»m( 13.5.3

Z-Çegz»ç)wZzglZgÆŠgxym( 13.5.4

»ïc*Và’)zZ] 13.5.5
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iZî¬ïc*óî¬ï 13.5.8
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K 1Å2.çHEðx 13.5.11

¤/Zë»çÓf5+k,~ 13.5.12

eZz»bz~Š!*î»ç 13.5.13

Zõ!}ò 13.6

ã~ZÖp 13.7

%:ZJãÎZÑ] 13.8
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ā 13.1

}qªÅºm{¤tìā:ÂZyÅ¥^ƒCìZzg:„ˆ#ÖªË’ÆaÎÌ(ñ�ŠƒZÐz{

=ÍgìâùÆ',Üs’ÅÃðR7ƒCZ#ëuVÆwÆ!*g}~E+™{™D÷ÂZkÐ%ZŠ',@»z{wìT
~ā’0*ðYCìXuV~ÌZzgiäÅ&¢A¹ic*Š{ƒCìŠZzgŠ!*îÅp~Æ‚B’Æw~W‚ãÐ

p~gzúƒCìðh~ÏŠZzgŠ!*îÅp~ÆË~’Æw~‡.ÞÒpp~zZµƒCìXZSbÐ’âŠ{ÅŠzu~
ªVÐ¹×gBbìZq-ÒpÐ¹YYìā’âŠ{ÅƒÐ‚Š{̂ì’ÐâùZzgâùÐ̂kÅY+$Š¬YñÂ

ëÏ~ZŸ†ƒ@*ìX

  £œ 13.2

ZkZ»ð»Ñtìā¥ÃuVÆ§i¿ÃÒy™äzZáià]Æ!*g}~WÇ{™**ìZzgZkZ»ðÆZ!x6,
¥Zk‡.ÞƒYîX

}à]óix@Z]Æ³~Z~.™Š{›ë÷Ë’Æ§i¿ÃŒäÆaŠg»geg©ª’ÅlZgóŠ!*îó X1

wZzgŠ÷X

;L»çË’ÆŠ!*îZzgwÆŠgxy0*ñYäzZáģÃÒy™@*ì²ñwÅ®ZŠZzgŠxƒX X2

egÖ»ç’ÆwZzgŠÆģÃÒy™@*ì²ñwÅ®ZŠZzgŠ!*îxƒX X3
µ5Ò3ð
Y

GG(¾»ç’ÆŠ!*îZzgŠÆģÃxñwÅ®ZŠZzgwÆ�Òy™@*ìX X4

Z-Çegz»çxŠZzgŠ!*î6,Ë’ÆwZzgñwÅ®ZŠÆgºÃÒy™@*ìX X5

¤/Zë»çÓf5+k,~uVÅÓf5+k,~ZzgË’Æ‚@ziyZzgÑbÓf5+k,~ÆŠgxyÆgºÃ7™@*ìX X6

eZz»çZÐZŠ~’Š!*îZzgWö{~ñ�ŠuVÆ]ù¦Š!*îÆŠgxyģÃªCÙ™@*ìX X7

uVÅ‡.ÞeöS:] 13.3

CÙz{q�SgBbƒZzg(=ÍCƒâŠ{BCìXâŠ{&ZqpV~ƒ@*ìZzgz{÷̂kÔâùZzg’XVwÆîg6,

',ŝkì0*ãâùZzg¸,$’)ggZ](qª~ƒCìX̂kÅZq-{m̂ƒCìZzgtÁw=Í@*ìXZ#āâùÅÃð
{m̂7ƒCìtT',@~ƒ@*ìZkÅ̂Z(g™©8ìXuVÅÃðºm̂7ƒCZzgtT',@~ƒCìZÏÅ

^Z(g™gìXuVÅ‡.ÞeöS:]wÔŠ!*îZzgŠ÷XuVÅŠ¬xîg6,êâ¢aÆfg=¥xÅYCìXZ#

~ªCÙHY@*ìX c*úye¤/~ êâ¢aÃ’~g3Y@*ìÂ0*g{ÅRÅ—~ŠÃªCÙ™CìXZkÃ]Òh4øGe¤/~

’Š!*îeZrìZzg(=ÍCìŠ!*îŠgZÝ¸]°Z»ðgKƒ@*ìX!*g{ez{W!ìTÆfg=’»Š!*î¥x

B¢a0*g{ÅMðÆ)z~ƒ@*ìZkŠ!*îÃZq-™{ŠZ[ 760 ªc* 76 HY@*ìX¬xqÑ]~R«gÆŒÛd$’»Š!*î

¹Y@*ìXŠ!*îÅeö™{ŠZ[Z»ÇV~ÅYCìX
(1 torr) ZN*g = c*Zq-™{ŠZ[ (mm) B¢a 760 = c*Zq-™{ŠZ[ (cm) v¢a 76 = Zq-™{ŠZ[
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’Æ¥xSzZáwÃW‚ãÐŠ!*c*YYì’Å{mlZgÆw»Š!*îÆZŸ†ÐÁƒY@*ìXZkwÆÁƒäzZá

¿ÃZXi5+k,~ë÷X’ÆwÃkv¢a~c*{Z»ðÐªCÙHY@*ìXuV~Zq-Zzg{¤ƒCìTÃÓf5+k,~
ë÷XuV~Ü£xÅ{¤ƒCìZzgz{Zq-Šzu}~åîg6,ãïYC÷ZÏ{¤ÃÓf5+k,~ë÷X',s0*ã

gSìX ZzgggZ]Å8S:]!*ÇZƒC÷XZyÐVqpV~0*ãÅ™ðF,I7Vª

}qª 13.4

âŠ{ÅƒÐ‚Š{qª}qªƒCìX¬xqÑ]6ā¬xŠgzwZg]ZzgŠ!*î6,0*ñYäzZàuVÅ

®ZŠŠzg~].zw6,ÃeZ%Ð¥xƒ@*ìāÜsŠHg{ÁÜ„Z+qª~0*ñYD÷XZzgz{÷;àgzXÔ
45Í-

ê
XGGÔ**¶zXÔ

WxÔjg+Ô³g+ÔEyÔWg»yÔ™îyÔibyZzggi+Zy}qªÅ8S:]qgzfs÷X

k̂ZzgâùÆ£«uVÅÑÄ¹ÁƒCìX X1

uVÅ̂7ƒCì',@Å̂Z(g™fe÷X X2

uV»w³7ƒ@*t',@ÆwÃZ(g™fe÷X X3

uV»Š!*îÓx4V~7Vƒ@*ìX X4

uV6,¹ic*Š{Š!*îeZÑY@*ìX X5

uVÆ‚>VÆŠgxy!*bi¸'¹Á',Zñ**xƒC÷ZÏzzÐuVÅâÎ‚Š{ƒCìX X6

uV»§i¿ZyÆ¬xà]Æ_.ƒ@*ìtà]ÅŠgc*ÄZyÆŠ!*C_¬ÐqÝƒC÷tà]uV

Æ‡.ÞeöS:]‰āŠ!*îÔwÔŠgzwZg]ZzgS6,Œ÷XZyS:]ÆoZ]~!*ëm’ÅqªÃÒy™@*ìX
ZyoZ]Æ!*bZ®gÐ’Æà]zZãƒD÷XZ}à]ÃqgzfsÒyc*ŠHìX

(Gas Laws) ’à] 13.5

uVÅ8S:]Æ0ï»³’Æà]÷XÃ!*L»çÔegÖ»çÔµ4hÒð
Y

G‚u»çÔWzÇegz»çz){
z){÷XXÆmÐ¿îg6,nÒyHŠHìX

!*L»ç)Š!*îDwm(: 13.5.1

(Anglo Irish uVÆwZzgZyÆŠ!*î~0*ñYäzZáuVÅS:]Æm6,«xeöZCW],l

Y~Å¶XTÃ!*L»ç¹Y@*ìXgZ',^!*LäZLF 1662ä(Robert Boyle) ‚0ZygZ',^!*L Scientist)

Š!*]zî]Æfg=Zk³6,(Að FX™āZq-³lZg’»Š!*îxŠ6,Zk’ÆwÆ!*�Úƒƒ@*ìXªË’

Å{mlZg»wZq-xŠ6,ZkÆŠ!*îÆ‚BwkÚƒg‚rìXZkÒyÃ!*L»ç¹Y@*ìXZkçÃ̂!îgg6,
ƒÂ!*LÆçÆ_.Ô P ZzgŠ!*î V ìw T qgzfs§iÐÌªCÙHYYìXªZ¤/xŠ

c* ZzglZg6,(6,ƒÇc* T )xŠ c*

ÅZ»ÇV6,«ƒÇÔZz6,Šb‰ (V) Zzgw (P) ÔŠ!*î (T) Å7’ÅlZgÔŠgzwZg] k Zq-Ú´xƒÇÚ´x K ŒV6,
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ÃZk§iÐÌ–YYìX (13.2)c*(13.1) )zZ]

@*ìX ƒ āZq-xŠgzwZg]6,Zq-lZgÅ’ÆŠ!*îZzgw»qÝŒÛ[x ªCÙƒ@*ì Ðt (13.3) )zZ] PV= K ....(13.3)

ƒYñÂ Zzgw ƒZzgZk’»;îZk§bƒāŠ!*î Zzgw xŠ6,àˆƒZzgT»Š!*î T Z¤/ÙlZgÅZq-

– ƒÇc* ƒÇª Zzg !*LçÆ_.

xƒÇX!*LÆçÃ PV ƒÇªËŠ~ˆŠ6,’Å{mlZgÆa PV=K YYìX¾n!*LÆçÆ_.x

ƒ@*ì (Hyperbota) xŠ6,Š!*îZzgwÆŠgxy¤/ZsªF,®é™ªCÙ™Mh÷TÐqÝ”{
&B-

ö

EE
Zq-xú),ßã

;qgzfŝ~Cc*ŠHìX

Æ‚B¤/ZsZŠgz » P Ë’ÆŠ!*î (13.2) ÅF,®Ô̂ V 6,w P ZŠgzwZg]6,Zq-’ÆŠ!*î (13.1)^

ZŠgz (13.1) Æ‚B¤/ZsZŠgzwZg]6,̂ (P) »Š!*î (PV) Ë’ÆaŠ!*îZzgw»qÝŒÛ[ (13.3) wZg]6,̂

Å7ZìYèË’ÅŠ~ˆlZgÆatŠgzwZg]Æ K ¤/ZsìXCÙZq-ÈÆa V Zzgw P wZg]6,’ÆŠ!*î

ë÷XZz‘Èic*Š{Šgz Isotherm ‚BpsƒCìCÙÈZxŠgzwZg]ÃŠ3@*ìZzgZkÃxŠgzwZg]ÅF,®c*
wZg]ÃŠ3D÷XtŠ¬Y@*ìāZ#Š!*îWŠJƒY@*ìXÂwŠzkHƒY@*ìX
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Ð*gCì (origin) ÆŠgxã¤/ZseZÑŠHìXtZq-¦SÑíƒCì�JZ Zzgw P ~Š!*î (13.2)^

Ë’ÆŠ!*î (13.3) ic*Š{Š!*î6,’!*LÆçÐZāZs™CìXZ+ßg]~¤/Zs~¦SÑíqÝ7ƒCX̂
ÆxƒCìª P Å7 PV ÆŠZBZŠgzwZg]6,¤/ZsCc*ŠHìā P ÆŠ!*î (PV) ÆqÝ¢[ª (V) Zzgw (P)

Å¤&ƒCìX!*LÆŠ!*]lZg~îg6,tU*"$™D÷ā’»°uJ-Š!*ðY$ËìXZ#Zq-Š~ˆƒðS PV=K

Å’ÃŠ!*c*Y@*ìÂ‚>VÅz„®ZŠgK(=ÍCìTÅzzÐZz‘Š!*î6,’ic*Š{ûƒYCìXZÏa!*LÆçÃ
Ã (ratio) ÆÚƒ (V) Zzgw (m) ZEw™Dƒñ’ÆŠ!*îZzgZkÅÑÄ~mZ~.HYYìX…¥xìāS

ÆçÅ)zZ]~gÄŠ,ÂqgzfsmqÝƒÇX ëZk)zZ]Ã!*L Z¤/ ¹Y@*ìXª (density) ÑÄ

Zq-*x K' ˜V6,  c* c* c* c* Ô ÔPV=K

Zk’ÅÑÄÆ!*°Z„ (P) ìX¾ntāqgz!*Ñ)zZ]tªCÙ™CìāxŠgzwZg]6,Zq-³lZgÅ’»Š!*î

pÐƒƒ@*ìXª (direct)

egÖ»ç)ŠgzwZg]Dwm(: 13.5.2

Y~xŠ!*î6,Zq-³lZgÅ’ÆwZzgŠgzwZg]ÆmÃZ~.H 1787ä(Jacques Charles) 85½ð EGõegÖ
T~t¥xƒ@*ìāŠgzwZg]Æ(,Jä6,w~ZŸ†ƒ@*ìZzgQZ™ä6,w~¶zZµƒCìXegÖZLî]Æ

z(,|Y@*ìÅ<å X
EZZ¤/Ë’»w ’ÅZ’Zðw» 6, fg=tCc*ā’»w6,Zq-e¤/~ŠgzwZg](,Jä6,

ìZzgZq-e¤/~ŠgzwZg](,Jä6,Zk»wƒY¨ 6,

Šze¤/~(,Jä6,wƒÇ

&e¤/~(,Jä6,wƒÇ

e¤/~(,Jä6,wƒÇ t ZÏ§iÐ

T = ŒV6, c* c* ª

c*ÇŠgz (Kelvin Temperature Scale) Zq-6ŠgzwZg]ÆeäÃªCÙ™@*ìTÃëúyŠgzwZg]e: (273+t)

Æ273K ŠgzwZg]ÇeäÆ ë÷XZÏ§b
_5Òh4

ø
GGeä6, (Absolute Temprature Scale) wZg]e:

',Z',ƒ@*ìXc*ŠgOāŠgzwZg]ÃÇeä6,ªCÙ™Dz‰Üe¤/~Æ¶KyÃZEw7HY@*ŠgzwZg]»úye:wwHCe:
Ì¹Y@*ìXc*ŠgìāŠgzwZg]Z¤/

_5Òh4
ø

GGeä~Šc*ŠHƒÂZkÃÇeä~ps™¢8 (Thermodynamic scale)

ŠgzwZg]ìÂZk»Ç ¦™¢8ecXVwÆîg6,Z¤/
_5Òh4

ø
GGeä~ 273 ecZzgZkÆa

_5Òh4
ø

GGŠgzwZg]~

È T ƒÇXTÃë 273K
_5Òh4

ø
GGŠgzwZg]ÇŠgzeä~ ZÏ§bÐ (273+27)=300K eä~ŠgzwZg]ƒÇ

Mh÷¾]Zz6,Šñ‰)zZ]ÃëZk§bÉMh÷X
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ŒV6, Zk§bZq-¬x)zZ]–YYì c* c*

xìT k ŒV6, V = k.T .....(13.8) c* Å7xƒCìTÅzzÐt)zZ]ƒY¨x

Å7’ÆŠ!*î’ÅlZgZzgwÅZ»ðªCÙƒ$ËìX
egÖÆç»gc*MCc*ˆ!ZÖgZz6,Šñ‰ƒñ)zZ]ÐHYYìXegÖ»çÅ°pZk§bÅY$Ëì

xŠ!*î6, āxŠ!*î6,Zq-ÙlZgÅ’»wZkÆÇŠgzwZg]Æ!*°Z„Úƒƒ@*ì¾nˆ!îg6,tƒÇ
âāƒ@*ìZzgZ¤/ZkÃ 13.4 egÖätx@{HāÓxuVÆaËÌŠ!*î6,wŠgzwZg])_5Ó4ø GGeä6,(¤/ZsZq-̂

Z(slope) ts™CìZŠ!*î6,qÝƒäzZàèoÆeyy #wJ-(,Jc*YñÂCÙâŠgzwZg]Æ"gÃ

6,Q÷XZk§bqÝ”{w®¨ŠgzwZg]¤/Zs»CÙZq-âW$ið J
!*gë  ƒf1#w6,ÓxÑMŠgzwZg]"g6,

B@*ìX (Isobar) Š!*îF,®

ZzgŠg<îE0wZg]ÆŠgxy¤/Zs (V) :’Æw 13.4^

gOÂw#ƒY¨Zk»ÈƒÇā’»z�Š7ƒÇX| Å7 t~ Z¤/)zZ]

T(Assumed Temperature) ~Óx’ZkŠgzwZg]6,îÐ¬„âù~psƒYC÷XÁÐÁGz£ŠgzwZg]

B@*ìX¾nÁŠ!*îZzgZz‘ŠgzwZg]6,egÖÆç»Z:tƒ@*ì (Absolute Zero) 6,uV»w#â**Y@*ìXÇ#

ŠÃŠÇc*úyeä»#¹Y@*ìX

µ5Ò3ð
Y

GG¹»ç)Š!*îDŠgzwZg]»m(: 13.5.3

Y~�çŠc*åZkÆ_.xw6,Ë³lZgÅŠHk»Š!*î 1802ä(Joseph Gay Lussac) �¢µ5Ò3ð
Y

GG‹

xw6,X P=kT ²wxìXc*kÃZk§bÌ–Y@*ìX ŠgzwZg]Æ!*°Z„Úƒƒ@*ìªgc*èîg6,

ÌƒYìXZkµ5Ò3ð
Y

GG‹Æm)zZ]Ã!*Lçc*egÖÆçÐÌZ~.HYYìX Ú´xìc* k ŒV6,
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ŠgZÝegÖ»çZzgµ5Ò3ð
Y

GG‹»çŠzâVZq-„÷�ÛtÜsZÚìāegÖç~ŠHk»Š!*îxg3Y@*ìZzgµ5Ò3ð
Y

GG‹Æ®Ó40îGG
’»wxƒ@*ìXegÖ»çxŠ!*î6,wZzgŠgzwZg]ÆŠgxy»ģªCÙ™@*ìXZ#āµ5Ò3ð

Y
GG‹»çxw6,’Æ

Š!*îZzgŠg<îE0wZg]ÆŠgxy»ģªCÙ™@*ìXµ4hÒ3ð
Y

GG‹ÆçÆfg=’ÆŠ!*îZZzgŠgzwZg]ÆŠgxy¤/ZseZÑYñZ#

āñàxwƒÂqgzfs~Š3c*ŠH¤/ZsqÝƒ@*ìXZk¤/ZsÅCÙZq-ÑMÃW$ið J
Ågc*ëwF,®¹Y@*ìX

(Volume-Amount Relationship) wZzglZgÆŠgxym (Avogadro Law) Z-Çegz»ç 13.5.4

Y~Zq-ç7HTÆ_.7VŠgzwZg]ZzgŠ!*îÅqª~ÓxuVÆ)z~ 1811 ZO»‚0ZyZ-Çegzä
w~‚>VÅ®ZŠ)z~ƒCìª!h4¨ÿ

IGG
ŠgzwZg]ZzgŠ!*î6,’»wZkÆ‚>VÅ®ZŠÆ!*°Z„Úƒƒ@*ìZzgZk

’»wìZzg V ˜V6, 6,P Zzg T îg6,ZkÃZk§bªCÙHYYìX7V   §bz{’ÅlZg6,«ƒ@*ìgc*è

’»Š!*îìX�xƒfXZq-ñw’~‚Ó]Å®ZŠ P ŠgzwZg]Zzg T ’Æ‚>VÅ®ZŠì n

ƒCìó&Z-Çegz»xë÷X…tc*ŠǵecāZq-ñw)Å(~‚>VÅ®ZŠ¸ƒCìXtÌ…c*Šǵecā

(6,CÙZq-’»w7Vƒ@*ì 1atm) 0*ñc*q-™{ŠZ[ ª¬ Bar ZzgŠ!*î)Zq-!*g c*(273 K) £g~ŠgzwZg]

{°ÅƒCìXqgzfsŸ‚ÃZEw™DƒñË 22.4 ë÷ZzgTÅ7¬xîg6, (molar volume) TÃë?w

‚@ =M ’Å7Zzg =m ‚>VÅ®ZŠÔ =n ŒV6, Å®ZŠC[™Mh÷X (Moles) ’Æ]Ð.ðV

ªÑÄ’Å ˜V6, c*   c* ª S’Å6āZz6,Šc*ŠHìX

ƒÏX¾nt³Z~.HY@*ìāË’Å?SZkÅÑÄÆ!*Z°„pÐƒƒCìXZkÃÌZ-ÇegzÆçÅZq-Zzg°p
¹YYìX

»ïc*Và’)zZ]: 13.5.5

(Ideal Gas) @*,ƒCƒZk’Ã»ï’c*Và’ Z+’�’à]ª!*L»çÔegÖ»çZzgZ-Çegz»çÅ0*ÈZzg
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ë÷XtÐVà]ÃŠ™ÆZq-)zZ]Z~.HY@*ì&»ïc*Và’)zZ]ë÷Zk)zZ]Ã (Perfect Gas)c*

ÐegÖ  ìXZk§i 6,(n) Zzg]Ð.ðVÅ®ZŠ (T) qgz§iÐZ~.HYYìX!*LÆçÆ_.xŠ

 ƒÇXZ¤/Zy Vααααn 6,(P) ZzgxŠ!*î (T) ƒÇXZ-ÇegzçÆ_.xŠ 6,(n) Zzg]Ð.ðVÅ®ZŠ (P) »çxŠ!*î

qÝ qÝƒÇXZk)zZ]~Ú´¶KyÃU™Ú´xZEwHYñÂ ÐVà]ÃŠ5Šc*YñÂ

–YYìXZk PV=nRT ÃÚ´xc*»&45é JGECWÃ¹’x¹Y@*ìXZz6,Š~ˆ)zZ]ÅF,KM$+w™ R ƒÇXŒV6,

Ã�Ú´xìZkÃ’xë÷Xtqf‚d R 6āCc*ŠHìā )zZ]Ã$+w™Z(Ì–YYì

Ì (Universal Gas Constant) Ã»ÑCc*WÃ¹’x R Å7ÓxuVÆa7VƒCìXZka R ™Bā
)zZ]Ã»ïc*Và’)zZ]¹Y@*ì PV=nRT ...(13.10) ë÷X¾ntā

�{’çc*)zZ]: 13.5.6

»ï’)zZ]egoZ]ÆŠgxymªCÙ™C÷XZzgtËÌ’ÅqªÃÒy™CìXZkaZk)zZ]Ã

Ì¹Y@*ìXVà’)zZ]~ZyoZ]~Zq-‚BƒäzZàp=V»mƒ@* (Equation of Slate) qªÅ)zZ]

~psƒgìƒVÂZyÆa Zzg Ð Zzg ìXZ¤/Ë’Å³lZg»Š)ŠgzwZg](Š!*îZzgw

Z¤/ZyŠzâV)zZ]Ã�hŠc*YñÂ…qgzfs)zZ] Zzg )zZ]ëZk§bÉMh÷X

ZÏ)zZ]Ã�{’)zZ]c*çë÷XZk)zZ]~boZ]÷Z¤/Zyb~ qÝƒÇX

ÐÃð0*õÅ7¥xƒÂ**¥xzoÅ7Zk)zZ]ÃZEw™DƒñC[™Mh÷XtZq-¹„Æ)zZ]ìZz

ÃqªÅ)zZ]¹Y@*ìX 6,zZá)zZ]

’ÅÑÄZzg?SÆŠgxãm: 13.5.7 

Å®ZŠ (mole) ]Ð.ðV ÃZkF,KM~Ì–YYìX PV=nRT Và’)zZ]

ÃZk§b–YYìX (13.12) ƒCìX¾ntāZz6,Å)zZ] (n)

’ÅS

’»‚@ziy

   ÃZk§b–YYìX (13.12) ¾ntāZz6,Æ)zZ]

=’ÅÑÄ ’ÅS

’Åw

1…Zk!*]»DìāÔ

 c* ~ŠZ4™ä6,…qÝƒÇ (13.13) Ã)zZ] (13.14) ƒCìX)zZ] ª
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ÆŠgxy»mc*ģZ~.ƒ@*ìX (d) Zzg’ÅÑÄ (M) Ð’Æ‚@ziy (13.15) t)zZ]

(Compresiblity - Factor) iZî¬ïc*óî¬ïþ 13.5.8

Â)zZ]ÅZklZg c*Z¤/Zk)zZ]ÃZk§bKā PV=nRT Zq-»ïc*Và’Å)zZ]ƒCì

Å Z ÐªCÙHY@*ìX¬xîg6,Zq-»ïc*Và’Æa Ãóî¬ïë÷XZzgZkÃ ª

¹Y@* (Non Ideal Gas) Å7Zq-ÐÅsc*ZāZs™CƒÂZ+’Ã)»ïc*)Và’ Z 7Zq-ƒCìXuV~

ìX (Molar volume) ñÑgc*?w ŒV6, ìX

ÆZ…Š: R ’x 13.5.9

Å7F)bÃi™ä~ZEwƒCìZzg¹„ R 86Y~ ’xÆa)zZ]ƒÇX R

ZÌgBbìX’xÆZ…Šqgzfs§iÐªCÙKYMh÷X

w<Š!*î

ñw)Å(<e¤/~

ª ¸]

gK
1Š!*î=

ZkaZz6,Å)zZ]ƒÏX

      )Mð( gK= …¥xìā

)Mð(ª w=   Zzg

¾nZz6,Å)zZ]ƒÏX
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ÅZ…ŠÂZ**ð°e¤/~°ñwƒCì…tÌ¥xìāŠ!*îZzgw»qÝ¢[ R Zz6,Ågc*ècÐªCÙƒ@*ìā
ÅZZ»ÇV~7qgzfs§iÐ¥xHYYìX R ÆZ…ŠÌÂZ**ðÆ)z~ƒD÷X (PV)

Å7ZZ»ÇV~: R      13.5.10

ZzgŠ (P=1 atm) Å7ÇZ»ð~:Z¤/Zq-ñw»ï’Ã£g~qª~1YñÂZk»Š!*îƒÇZq-™{ŠZ[ R (1)

{ƒÇX¬xîg6, 22.46,(STP) ZzgCÙZq-ñw’»w£g~qª~ 273k ƒÏ

ªŠ!*î=—~0*g{ÅZz™ð<0*g{ÅÑÄ<ZuZq1zYf/i}ª P = hdg ÇZ»ð~

P = Height of mercury column  <  density of Mercury < Acceleration due to gravity

kªúy V=22.4lit=22400 cm3ÔP=76x13.6x980 dynm/cm2 ÂxZ»ð~ (CGS) ÏYZö

Å7Zk§bC[ÅY5X R ƒÂ T=273k

eZMª°e¤/~°ñwÔZq-eZM<Zq-ª=Zq-Zgvƒ@*ìXZÏa

°e¤/~°ñw (one erg) Zgv erg per degree per mole

ª

Å R gÈƒ@*ìÂ¾n�Ö~ Z ~ªCÙHYñ…¥xìāZq-�w (Joles) Å7�Ö R Z¤/ (2)

�Ö°e¤/~°ñwc*Å 8.314=Rª 7ƒÏ

�ÖZq-wZg}Æ',Z',ƒ@*ì 4.184 joules ~C**ƒÂtÌ…¥xìā (Calories) Å7wZgzV R ZÏ§iÐ (3)

~ƒÏX Calories Å7wZgzV~c* R ƒ@*ìXÂ 4.184 J= 1 caloriesª

c*

wZg}°e¤/~°ñwƒÏX 1.987 = R

:~Lit.atms Å7 R (4)

ƒÇX 273k=T Zzg V=22.4 Lit ÔP=1 atm ŒV6,
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Å7: R Z»ð~ SI (5)

°%,¢aÔ (N) EH Zq-™{ŠZ[Ô = 1 atm Pressure Z»ð~ SI

273k = T ñwÔ 1 = n Ô

¾n

Å7ƒÏX R ƒ@*ìÂ (Joule) �w 1=1Nm ŒV6,…tÌ¥xìā

c*

Å7c*ZZ»ÇV~HƒCZkÅZh§bÐzZ/ƒ**ecZzgCÙ¤̈DÃZy†VÃf‚d™**ƒÇZzgc*ŠǵƒÇāF R

qÑ]~Ã́7ZEw™**ƒÇX

(Boltzmann Constant) k 1Å2.çHEðx 13.5.11

¹Y@*ì (Universal Gas Constant) R ÃWÃ¹°x (Gas Constant per mole) ’»x°Å
¹ (Boltzmann Constant k) k ZkÃ1Å2.çHEðx  ƒÂ (Gas constant per molecule) ²’»xZ¤/°‚?

ª(Avogadro  No .  of molecu les) ~Z-Çegzz°Š‚ã (one  mole) Y@*ìX…ØìāZq-Å~

’»xƒÇ (one molecule) ìÂZq-‚ã R ’»x (one mole) ƒD÷Z¤/Zq-Å

Å7�Ö°e¤/~°‚?~àYñÂ1Å2.çHEð R ìXZ¤/ Z-Çeg°Šª N ˜V6,

xÅ7ƒÏX

   

Å7ZgÈ°e¤/~°‚?áYñÂ1Å2.çHEðxÅ7ƒÏX R Z¤/
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¤/Zë»çÓf5+k,~: 13.5.12

tZq-Z+S¤ƒCìTÅzzÐZkÃŠø7[Óx(Ã=ÍäÅ{¤gBbìXÓf5+k,~Æ¿Ã ÓÓÓÓffff5555++++kkkk,,,,~~~~::::
k̂ÔâùZzg’ZâYªCÙ™C÷X1t¿uVÅßg]c*qw~ic*Š{!ƒ@*ìX¾ntāuV~t&¢AƒCìātz{Ü
£x™$Ë÷XVwÆîg6,7Å1LÞÅ%6,ZkÅí7g}#}~egzV§s’YCìZÏ§iÐZ¤/Zñ*’Å1LÞ
ÅwŠ,Â¼„œV~ZkÅ.ƒð17g}#}~CkÅYCìYèZñ*’~Zq-£xÐŠzu}£xJ-v

ƒäÅ&¢Añ�ŠìXuVÅZk&¢AÃÓf5+k,~¹Y@*ìXt!*]¹„ZÌÅqïìZzgW\ZkÃf‚d™BZzg

Zh§bc*ŠgOāÓxuVÅÓf5+k,~ÅÑb7V7ƒCÉZq-Ñ’¸g~’Æ£«c*/Ú¹!ƒCìXÑ
’T»‚@ziyÁƒziy’T»‚@ziyic*Š{ƒÆ£«~!~ÐÓf5+k,~™CìXuVÅZk{¤»ìwgnp

Y~ZuVÅÓf5+k,~ÅÑbÆ�ÛtÃzZãHZzgÓf5+k,~»çÒyH�āqgz 1827 ƒñZq-Zôm,‚0ZVåé¤/Zë
fs~Z§hVÐÒyHŠHìXc*ŠgìāÓf5+k,~Æ¿6,Yf/i~»ÃðZW,7ƒ@*X

(Graham's Law of Diffusion) ¤/Zë»çÓf5+k,~
Æ_.gZÔ,ÆwkÚƒƒCìX (Densities) ZyÅÑ:V (r) 7VŠ!*îZzgŠ6,uVÅÓf5+k,~ÅÑb X1

xŠ!*îZzgŠ6,

ƒÂçÃZk§bÐªCÙH Zzg ƒVZzgZyÅÑÄ!*nKM Zzg Z¤/ŠzZuVÅÓf5+k,~ÅÑ² X2

YYìX

Ë’ÅÑÄic*Š{ƒÂZkÅÓf5+k,~ÅÑbÁƒCì…tÌ¥xìāZq-’ÅÑÄZkÆ‚@ziy6,« X3

ƒCìXZkaëtçÃ‚@ziyZEw™ÆÌZk§bÒy™Mh÷X7VŠ!*îZzgŠ6,Ë’ÅÓf5+k,~Å
Æ_.gZÔ,ÆwkÚƒƒCìTÃ̂!îg6,Zk§b–YYìX (M) ZkÆ‚@ziy (r) Ñb

x6, T Zzg P

ƒVÂçÃ̂!îg6, Zzg ƒVZzgZyÆ‚@ZziZy!*nKM Zzg ÅÑ² ŠzZuVÅÓf5+k,~ Z¤/ X4

qgzfs§iÐ–YYìX

)â^:Zq-’Å?SZkmÑÄÆ!*°Z„ÚƒƒCìX
Zk§buVÅÑbÓf5+k,~ZyÅ?YVÆ_.gZÔ,Æ!*�ÚƒƒCìX(

ÆÌÚƒƒCìª (vapour density) …tÌ¥xìāZq-’Å?SZkÅgg~ÑÄ X5

¾n¤/ZëÆçÃgg~ M=2x(VD) Zzg…?SZzg’Ågg~Š!*îÆŠgxyģÌ¥xìª

Zk§bëZÏçÃZˆ!§hV~ªCÙ™Mh ÑÄÅ̂~ªCÙHYYìX
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÷�qgzfsŠc*ŠHìX

6,P Zzg T !i¨ÿ
G

ÑbÓf5+k,~Ð%ZŠZ»ðz‰Ü~Ë’Æ¼wÅÓf5+k,~ƒCì X6

= (r) ªÓf5+k,~ÅÑb

ª (V) ’»Óf5+k,~”{w
(t) Óf5+k,~»z‰Ü

..... (13.24)

 Zk§b Zzg ƒÂZyÅÓf5+k,~ÅÑb Zzg ƒZzgÓf5+k,~»z‰Ü Zzg Z¤/z{ZuVÆw (a)

ƒÏX

c* Zzg Zzg

Zzg ƒÂZyÅÓf5+k,~ÅÑbZk§bƒÏ Zzg gppzZàŠzZuV»Óf~z‰Ü (V) Z¤/7Vw (b)

Ô

Zk§bƒÏX Zzg 6,Óf5+k,~ƒÂZyÅÑbÓf5+k,~ (t) wzZàŠzZuVVÅ7Vz‰Ü Zzg Z¤/ (c)

¾nqgz!*Ñ)zÂVÐŠzZèVÅÓf5+k,~Å Zzg Ô

ÑbÃ̂!îg6,Zk§b–YYìX

Zq-!*gq-ÎgZcÆfg=Zq-’»ic*Š{Š!*îzZá¸ÐÜY~ZyZ`·îB@*ìX·îZq-�1ì² :::: (Effusion) ····îîîî

Óf5+k,~Zq-)�1ìX¤/ZëÆçÓf5+k,~»Z:t·î6,Ìƒ@*ìX

(Dalton's Law of Partal Pressure) eZz»bz~Š!*î»ç 13.5.13

Y~tç7H…çÆ_.)¬BªW:~¬ï:™äzZàuVÆWö{»]Š!*îc*ù¦ 1801 YyeZz

Š!*îÆqÝ¦Æ',Z',ƒ@*ìc*)z~ƒ@*ìXªuVÆWö}»]Š!*îZÐZŠ~uVÆªCÙ™Š{Š!*î»ù·ƒ@*ìXuV
ÆWö}~CÙZq-»Š’»Š!*îbz~Š!*îB@*ìXªbz~Š!*îÐ%ZŠŠ~ˆƒðŠ6,z{Š!*îì�’Æ]Wö}ÆwÃ
=Í@*ìˆ!îg6,eZzÆZkçÃZk§b–YYìX
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z){’ÆWö}~ñ�ŠuVÆbz~Š!*îì Ô Ô uVÆWö}»]Š!*îìXZzg P xŠZzgw6,ŒV6,
z){ñ�ŠƒVZzgtÌŒYñā  Å Æ3 ÅZzgbz Æ2 bz (mole) Å Æ1 �Ûn™zÆZq-}Wö{~bz

» 1 wÃ=ÍCìZzgZkbz V Zà’„ñ�ŠƒÂz{ z 1 wzZá',@~1ŠHìXZ¤/ÜsZk',@~bz V Wö{ÅŠ6,ZkÃ
P Æbz~Š!*îƒfXZ¤/ÓxuV»Wö{1YñÂWö{»]Š!*î 3 Zzgbz 2 !*ZnKMbz Zzg ZÏ§b bz~Š!*îƒÇX

ƒÇZzgeZzÆbz~Š!*îÆçÆ_.Zk§b–YñÇÔ

!*LÔegÖÆà]Å§bÓx’eZzÆZkçÆåîg6,@*,7ƒDÉt¹Y@*ìāZk»Z:tÜs»ïuV6,ƒ@*

ìXZkat�Ûn™1YñāWö}~ñ�ŠÓx’»ïuVÆ§i¿ÃªCÙ™C÷Â

Zzg Ô

z){ƒÇZ¤/Zy)zZ]Ã¦HYñÂ

ƒÇª

Zk)zZ]~Z¤/

Zzg

PV = nRT ƒÂZz6,zZà)zZ]ƒÏ

Zy)zZ]ÃZEw™DƒñëtÉMh÷ā

. qÝƒÇ c*   ª  

ƒÇX  Zzg     Zk§iÐ

z){ÃZÐZŠ~bzÆŸÅc*Ÿñwë÷X¾ntātWö{ÆËbzÆŸñwÐ%ZŠZkbzÆñwZzg]ZbZÆñwÆ

ŠgxyÅÚƒCìZz6,zZá)zZ]ÃZEw™Æbz~Š!*îC[HYYìX
¾nbz~Š!*î=]Š!*î<ñwŸª

¬xîg6,’0*ãÆZz6,¦ÅYC÷Å<å X
EZz{%î[ƒC÷X%î[’~0*ãÆggZ]Ì÷áï z){X 3Ô2Ô1 = i ˜V6,Ô

ƒYD÷ZÏa§”{ggZ]»Š!*î%î[’~¦ƒ@*ìZÏaÈ’»Š!*îZ#¥x™**ƒÂ%î[’»]Š!*î~

ë÷X]c*YñÂÈ’»Š!*îqÝƒ@*ì (Aqueous tension) Ð0*ãÆ§”{ggZ]ÆŠ!*îTÃW!Š!*îc*W!Úî
DW!Úîª (PT) =]Š!*î (P) ªÈ’»Š!*î

Ô

¾nÈ’ÆŠ!*îÃW!ggZ]ÆŠ!*îÃcðŠ!*îÐ̧&™ä6,qÝƒ@*ìZ#āŠ~Ãðp~:ƒX
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(Learning Outcomes) Zõ!}ò 13.6

ZkZ»ðª’à]»Y,̂{~ëqgzfsqzV»_·G÷X

xSZzgŠ6,’ÆŠ!*îZzgwÆŠgxy»ģX !!!!****LLLL»»»»çççç:::: X1

xSZzgŠ!*î6,Ë’ÆwZzgŠÆŠgxy»ģX eeeeggggÖÖÖÖ»»»»çççç:::: X2

xSZzgwÆ�Ë’ÆŠ!*îZzgŠÆŠgxy»ģX µµµµ5555ÒÒÒÒ3333ðððð
YYYY

GGGGGGGG‹‹‹‹»»»»çççç:::: X3

xŠZzgŠ!*î6,Ë’ÆwZzgñwc*ÅÅ®ZŠÆŠgxy»ģX ZZZZ----ÇÇÇÇeeeeggggzzzz»»»»çççç:::: X4

!*LóegÖZzgZ-Çegzâ]Ã5™»ïc*Và’)zZ]Z~.ÅˆTÃëqÑ]Å »»»»ïïïïcccc****VVVVàààà’’’’))))zzzzZZZZ]]]]»»»»ZZZZ~~~~....™™™™********:::: X5

)zZ]ë÷t)zZ]’ÆŠ!*îówóŠZzgñwÅ®ZŠÆŠgxyģªCÙ™D÷X

ÆZ…ŠZzgZZ»ÇV~ZkÅ7C[ÅˆX R ’x X6

¤/Zë»Óf5+k,~çZ§hV~Œc*HìX X7

eZz»bz~Š!*îçZzgZkÅZ:t5ŠHX X8

(Keywords) ã~ZÖp 13.7

³lZg’»Š!*îxŠ6,ZkÅwÆ!*�Úƒƒ@*ìX þ (Boyle's Law) !*L»ç
xŠ!*î6,’»wZkÆÇŠgzwZg]Æ!*°Z„Úƒƒ@*ìX (Charle's Law) egÖ»ç
xŠgzwZg]ZzgŠ!*î6,’»wZkÆ‚>VÅ®ZŠÆ!*°Z„Úƒƒ@*ìX (Avogadro's Law) Z-Çegz»ç

z{’�}à]Æ@*,ƒCìX (Ideal or Perfect Gas) »ïc*Và’

(Universal Gas Constant) »ÑCc*WÃ¹’x

°Åc*ñwTÅ7ZµZµZ»ÇV~ZƒCìX R ’»x

7VŠZzgŠ!*î6,Ñb’ÅÑÄÆ_.gZÔ,ÆwkÚƒƒCìX (Rate of Diffraction) Óf5+k,~ÅÑb
1Ë.çHEðvƒ@*ìX K ’»x°‚? (Boltzmann Constant) 1ßðx

(Model Examination Questions) %:ZJãÎZÑ] 13.8

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

6,¹V»L (axis) Ë’Æa�¤/ZsT¤/i+c*
_5Òh4

ø
GIGe:~ŠZzgwÆŠgxy~5YñÂF,®ŠÆ"g X1

Ï?

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

qgzfs~Ãy‚Ÿ‚Z-Çegz»çªCÙ™@*ìX X2

xƒVX T Zzg n Z#ā (a)
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xƒVX P Zzg n Z#ā (b)

xƒVX T Zzg P Z#ā (c)

xƒVX T Zzg n ÔP Z#ā (d)

£g~ŠZzgŠ!*î6,Zq-ñw»ï’»wƒÇX X3

B{ 2240 (d) B{ 224 (c) {2.24 (b) {22.4 (a)

Š(,Jä6,’»wHƒÇ? B{ƒÂ 546 6, Z¤/Ë’»w X4

B{ 8 (d) B{ 6 (c) B{ 4 (b) B{ 2 (a)

Z¤/Ë’»Š!*îxŠ6,ŠzkH(,Jc*YñÂZk’»wHƒÇ? X5

z„gìÇX (b) ŠzkH(,ñÇX (a)

Zq-aåðÃ•YñÇX (d) WŠñÃtpÇX (c)

Zq-»ï’»óîc*iZî¬ïHƒÇ? X6

(infinity) Ñ$4-<é GE
Xð (d) 2 (c) 1 (b) 0 (a)

kH(,JŠ~YñÂZk’ÅÓf5+k,~ÅÑbƒÏX 9 Z¤/Ë’ÆÓxúZïxgÄ™ZkÅÑÄ X7

kH(,ñÏX 3 (d) kHtpÏX 3 (c) kH(,ñÏX 9 (b) z„gìÏX (a)

ìÔ 0.7 »ñwŸ A ìZzgZkWö{~’ (atmosphere) ™ÒŠZ[ 2 ÆWö{»ù¦Š!*î C Zzg B ÔA &uV X8

ŠzâVuV»]bz~Š!*îHƒÇ? B Zzg A ìÂ 0.1 ’»ñwŸ C ìZzg 0.2 ’»ñwŸ B

™{ŠZ[ 1.2 (d) ™{ŠZ[ 1.6 (c) ™{ŠZ[ 1.8 (b) ™{ŠZ[ 0.9 (a)

ƒ@*ìtÒy÷ (directly proportional) Æ!*°Z„pÐƒ (d) Zk’ÅÑÄ (P) Zq-³lZgÅ’»Š!*î X9

ì?
**oƒÒyìX (d) L9LßìX (c) ßìX (b) 9ìX (a)

Å7qgzfs~ÐÃyÏßì? R ’x X10

{™{ŠZ[°e¤/~°ñw 0.0821 R (b) Zgv°e¤/~°ñw (a)

EH¢a°e¤/~°ñw 8.314 = R (d) ñw°e¤/~°ñw (c)

1Ë.çHEðxÅ7ƒCìX X11

Zgv°e¤/~ (b) �w°e¤/~ (a)

ŠzâVß (d) ŠzâV9 (c)

qgzfs~ÐÃy‚Ÿ‚¤/ZëÆçÓf5+k,~Æ_.7ì? X12

(d) (c) (b) (a)
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(Short Answer Type Questions) ¿�Z!*]ÆqïÎZÑ] (B

Vàc*»ï’¾Ãë÷Zq-»ï’Æa’)zZ]Z~.ÙX X1

¤/Zë»çÓf5+k,~ÃZîg6,ÒyÙZzgZkÅ=ôÙX X2

eZz»çbz~Š!*îÃÒyÙZzgZkÅ=ôÙX X3

HìZkÅ©ZZ»ÇV~É
À
Ÿ/õGX R ’x X4

uVÆ‡.ÞeöS:]Ã¿îg6,ÒyÙX X5

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

’Æà]ÃÒyÙZzgZq-»ï’Æa)zZ]Zyà]Æfg=Z~.ÙX X1

»ÑC’xHì?ZkÅ©ZZ»ÇV~¾§bqÝ™D÷ÉÀŸ/õGX X2

!*LçÅ°pÙZzgZkÅ=ôzzŸs#,ÐÉÀŸ/õGX X3

egÖçZzgZkÅ=ô,ÐÉÀŸ/õGX (a) X4

eZz»çbz~Š!*îÃ,ÐÒyÙX (b)

Šg`fsÆ!*g}~â^ÉÀŸ/õG: X5

�{’ç (c) 1Ë.çHEðx (b) Z-Çegz»ç (a)

(Suggested Books for Further Readings) '×h+_¬Æa?m,™Š{ÂÁ 13.9

1. Essentials of Physical Chemistry By Arun Bahl, B.S bahl

2. Principle of Physical Chemistry by S.H Marun and C.F. Pruton

3. Principle of Physical Chemistry by B.R. Puri, L.R. Sharma, M.S Pathania

4.  Text Book of  Physical Chemistry by P.L Soni and Dharmahara

5. Elements of Physical Chemistry by S. Glasstone and Dand Lewis
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:uV»wÅ‚@Ãt 14 Z»ð
(Kinetic Molecular Theory of Gases)

Z»ðÆZbZ
ā 14.1

£œ 14.2

uV»wÅ‚@Ãt 14.3

wÅ‚@ÃtÆGzŸ] 14.3.1

Và’ÅwÅ’)zZ]»Z~.™** 14.3.2

wÅ’)zZ]Ð}à]ÃZ~.™** 14.4

!*L»ç 14.4.1

egÖ»ç 14.4.2

Z-Çegz»ç 14.4.3

¤/Zë»®Ò0îG0Óf5+k,~ 14.4.4

eZz»®Ò0îG0bz~Š!*î 14.4.3

‚@gëgzVÅ!5½ið GwD1Å2.ç
HEðÆ_.„ 14.5

‚@gëgzVÅZlx 14.6

Zz‰‚@gëg 14.6.1

ZWZkãgëg 14.6.2

(C) Zz‰%¹gëg»_.gZÔ, 14.6.3

‚@gëgzVÆŠgxyģc*m 14.6.4

].zw 14.6.5

Average Kinetic Energy Zz‰ÂZ**ð!*ā• 14.7

(Law of Equipartition of Energy) ÂZ**ðÅ)z~„»ç 14.8

Zzg (Degree of Freedom0 ŠgzWiZŠ~ 14.9
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(Heat Capacity of Gas) }wZg~Rö
ŠgzWiZŠ~ 14.9.1

wZgCRö 14.9.2

ÅÚ Cv Zzg Cp ’‚>VÆ 14.9.3

Zõ!}ò 14.10

Key Words   ã~ZÖp 14.11

%:ZJãÎZÑ] 14.12

'×h+_¬Æa?m,™Š{ÂÁ 14.13

ā 14.1

Š!*CÅ`Æ³~z�Š~WäzZá’à]ª!*L»çóegÖ»çóZ-Çegz»çó¤/Zë»çóÓf5+k,~óeZz»

~ÒyHŠHìZ¤/pātÇ’Æ§i¿Æx@Z]Æ³~qÝK‰÷p9îg6, 14 bz~Š!*îçz){XÃZ»ð
Š¬YñÂtÜs»ïuVÆGzŸ]Æ@*,÷’Zyà]ÅözŠe$Zzg{mqªÆ�„@*,ƒD÷Šzu}
qÑ]~t»ï&½ið G

Y
VÆ§i¿ÐzZãîg6,ZāZs™D÷ZkatZ•ð¢zg~ìāZ(Ãte’�ià]ÆaãCŠ

�ÛZë™@*ìX
ZkZ»ð~ëuV»‚@wÅÃtZkÅãCŠ6,c*ZkÆGzŸ]ÅãCŠ6,uV»wÅ)zZ]Z~.™**óZzgZk)zZ]Æ

fg=’à]ÃZ~.™**óZzgZz‰ÂZ**ð!*Zā•Æa)zZ]Z~.™**ZzgÂZ**ðÅ)z~„»çÆmcHŠHìŒV6,‚@
gëgzVÅ„ŠgzWiZŠ~ZzgwZg~RöÌÒyHY@*ìX

£œ 14.2

ZkZ»ð»Ñ¥Ã»ï’»Ãc*C%:Šbƒ@*ìZzg’Æ§i¿ÃŒäzZà)zZ]ÃZ~.™**ìZkZ»ðÃå

™äˆ¥Zk‡.ÞƒYîā:
uV»wÅÃtZq-%:ìTÆGzŸ]uVÆ§i¿ÆZà]Ã%1o)Z~.(™ä~çzyƒD÷X X1

wÅÃtÐZ~.™Š{gc*è1uVÅwÅ)zZ]BCìX X2

Ë’ÆÓx‚Ó]Zq-„gëgÐw•7™D÷ZkÆ',Üs‚@gëgzVÅ„Z÷F,+ÐZWF,+gëg X3

ƒCìX
Ð%ZŠz{gëgì�Šzu}gëgzVÆ£«ic*Š{Ðic*Š{ Most Probable Velocity (Cmp) ZWZkãgëg X4

‚Ó]gnp÷X

Ð%ZŠË’~0*ñYäzZáÓx‚>VÅgëgzV»Zz‰ (Mean or Average Velocity) Zz‰gëg X5
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ìX
Å°pÅYCìZzgZyÐVgëgzVÆŠgxy» (Root Mean Square Velocity) (C) Zz‰%,_.gZÔ,gëg X6

ģÒyHY@*ìX
Zz‰ÂZ**ð!*ā•ZzgÂZ**ðÅ)z~„ÆçÆmÐzZ/™zZc*Y@*ìX X7

Æ0¥Ã2c*Y@*ìX (Heat Capacity) ZzgwZg~Rß (Degree of Freedom) ŠgzWiZŠ~ X8

(Kinetic Molecular Theory of Gases) uV»wÅ‚@Ãt 14.3

uV»wÅ‚@Ãt»ïuVÅS:]Æ0PZëGzŸ]Ã7™@*ìXTÆfg=ëZq-ˆ!wÅ’
)zZ]Z~.™D÷�’à]ÃÝ™ä~çzyU*"$ƒ@*ìXP‡.Þf™†]MVäuVÆwÅÃt6,»xHì

ZzgŠv‚0ZyXZkÃtÆ ClousrusÔA. Konig 1859 ÔD. Bernoullis 1856ÔJ.J Water stone 1845 z{t÷X
gì÷t L. Boltzman Y~ 1868 Zzg Clark Zzg Maxwell Y~ 1850 GzŸ]Ãgc*èc*ˆ!̂~7™äzZá¸X

Zkz‰Ü~7HŠHZ#ā‚?ÅZ˜bZzgâŠ{Å',¹âÎÆ0D7åXtÃtøgx@Z]Ã4îg6,K~æŠ™@*ì
¾]z{Ãt�uVÆ§i¿Å=ô™@*ìwÅ‚@ÃtB@*ìX

wÅ‚@ÃtÆGzŸ]: 14.3.1

uVÆwÅ‚@ÃtÆZëGzŸ]qgzfs~ÒyK‰T~tGzŸ]6,‚ãÐ0ìXÃŠN7
MhX1t¹YYìātuVÆpgŠ|%äÅ¦k,ªCÙ™D÷X
GGGGzzzzŸŸŸŸ]]]]::::

CÙ’Ñ®ZŠgLgLfgZ]6,ŒƒCìXtfgZ]‚Ó]Æîg6,YäYD÷tfgZ]åîg6,EZgƒD X1

÷ZzgÓx4V~w•™DgT÷X
uVÆ‚Ó]ÅÚw•ÅzztZq-Šzu}Ð£Šx™D÷Zzg‚B„t‚Ó]',@ÅŠ-ZgzVÐÌ£Šx X2

™DƒDX
aè‚ãåîg6,EgƒD÷ZÏa',@ÅŠ-ZgzVÐZ#”ZD÷Â£ŠxEZgƒD÷XZzg¸’ÆŠ!*î X3

Æf)ŠZgƒD÷Z¤/ZÏ’ÃZÝ',@Ð$+w™ÁwzZá',@~ŠZ4HYñÂ£Šx(,|YD÷Tā³~’
»Š!*î(,|Y@*ìX
Z¤/T',@~’àˆìZk»wxg3YñZzgŠ~ZŸ†HYñÂ‚Ó]Ågëgc*w•!ƒY5XTÅzz X4

ÐŠ!*î~ZŸ†zZµƒÇX

»ïuVÆ‚Ó]ÆŠgxyÃð̧]æ7ƒCìc*¸]æ‡.ÞÃZ0+ZiƒCìX X5

’Æ‚Ó]ZãgLƒD÷āZy»ZÝw’ÆwÆ£«‡.ÞÃZ0+Ziƒ@*ìX’ÆwÐ%ZŠZk',@ X6

»wìT~’à̂ƒX

¬xŠgzwZg]ZzgŠ!*î6,’ÆfgZ]ÆŠgxyÃð̧]æ7ƒCìc*‡.ÞÃZ0+ZiƒCìX X7
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’fgZ]åZq-xgëgÆ‚B"F,v�Ð¤/Šlc*w•™D÷X X8

’ÆfgZ]Zq-¦SÑí~CÙe‚~w•™D÷Xz{W:~Zzg',@ÅŠ-ZgzVÐ”ZD÷X X9

’Æ‚ãW:~”ZäÐ¬Zzg”ZäÆẐyÅÀÂZ**ð7VgSìZ%ZyÆŠgxyÂZ**ð»nŠ!ƒY X10

ìX1]ÂZ**ð7VgSìX
Ë{mz‰ÜCÙ’ÆZ‚Ó]c*fgZ]ÅgëgZƒCìÅ<å X

EZZyÅwÅÂZ**ðZƒCìZ¤/Zq-‚?Ågëgp X11

5+k,ìÂZkÅwÅÂZ**ðÌp5+k,ƒCZÏzzÐëÜsZz‰wÅÂZ**ðÅ!*]™D÷X
wÅÃt~t�ÛnHY@*ìā’Æ‚>VÅZz‰wÅÂZ**ðÇŠgzwZg]Æ!*°Z„ÚƒƒCìX X12

¾nuV»wÅÃt…uVÆÓxà]ÃÃc*Cîg6,qÝ™ä~æŠ™@*ìZzgZÏÅãCŠ6,ÅˆÓx+Bh45é
G

GE]Zzg
&4k5½ð FG

IEYc*VŠ!*Cx@Z]Æ‚B50*ðˆ÷X

Và’ÅwÅ’)zZ]»Z~.™**: 14.3.2

Zz6,Òy™Š{GzŸ]ÅæŠÐëËVàc*»ï’ÆŠ!*îÆa)zZ]Å̂~ģZ~.™Mh÷TÃwÅ’

TÃqgz YìXtwÅ’)zZ]ƒÇ ¹Y@*ìXZkwÅ’)zZ]Æfg=Óx’à]ÃZ~.HY )zZ]

®ZŠ ªŒYñZk',@~’Æ‚>VÅ l s§iÐZ~.HY@*ìX�Ûn™zāZq-’Zq-k',@~à̂ìk',@»îw f

~Cc*ŠHìX 14.1 ÌìX6āqgzfŝ l ìZzgZk»CÙ!*iz»îw V ªYñXk',@»w 'm' ZzgCÙ‚ãÅS 'n'

(Fig. 14.1) 14.1 ^

Óx’‚Ó]"‡°{qªw•~ƒD÷X�ZgëgzVÐÓx4V~w•™DgT÷X�Ûn™zāZq-Šb‰
ªCÙ™D÷X�k Z Zzg Y, X ª°]ƒÂZkgëgÃ&ZbZY~„HYYìXt&ZbZY&"g~ª c ƒñ‚?Ågëg

HYYìX (Resolve) Æ)gzVÆáZi~Zzg!*bîg6,iZzt‡[¯D÷XTÅãCŠ6,gëgÃZk§bŒÛZgŠZŠ
"gzV6,ƒÏZzg Z Zzg Y, X …/õ

J”{‚?Ågëg Zzg Ô ˜V6,

ËÌ{m‚?Ågëg7ìZzg:„‚Ó]ÅgëgzV» C gëgzVÆ%,ÃªCÙ™@*ìX,7åµƒCìX|~

Z+lZgì�]‚Ó]ÅZÐZŠ~gëgzVÆ C Zz‰ìaègëg�lZgƒCìZÏaZz‰gëg#Ìƒ$ËìZkÆ',Üs

gëgë÷X RMS ÃZz‰_.gZÔ,gëgc*Üs C %,»Zz‰_.gZÔ,ìZzg…t¥xìā%,åµƒ@*ì¾n
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ÃZk§bªCÙHY@*ìX 'C' z){÷ÂZyÅZz‰_.gZÔ,gëg Ô Ô Z¤/’ÆZ‚>VÅgëg,

',@ÅŠ-ZgzV6,ƒäzZá£Šxc*”ZîEZgƒD÷XZka£ŠxÐ¬Zzgˆ~gëgÅ7~p~7ƒCp‚~

ìXZ¤/£Šx ‚~w•™@*ìTÅgëg X p~ÅzzÐgëgÅ´#Ö~p~zZµƒCìX�Ûn™zā7ÃZq-‚?

ƒÏZzg (momentum) ƒÏX³tƒÇā£ŠxÐ¬£gw• ƒÂ£ŠxÆˆZkÅgëg Ð¬gëg

‚~',@ÅŠ-ZgzV6,£Šx~£gw•Åp~ x ƒÏX £ŠxÆˆ~£gw•

ªƒÏX ‚ÆÀŠ~ŠzŠ-ZgzV6,£Šxc*”ZîÅ®ZŠ x uìZka l ƒÏXk»îw

Zk§bÐZk‚~”ZîÆ³~°]~£g~w•Åp~°]Zk§bƒÏ

ÅY+$Ñb£g Z Zzg Y ƒÏXZk§bÐŠzu}Šz4V (Rate of change of momentum) tÑb£gw•Åp~

ƒÏXZk§bÐZq-‚?ÆÓxbgpV6,”ZîÅzzÐƒäzZà£g Zzg  w•Åp~!*nKM

w•Å]p~ƒÏX

=Zq-‚?Æn£gw•Å]p~

ÃZk§b–Y¨Ô (14.3) Zka)zZ] Ð…¥xìā (14.1) )zZ]

=Zq-‚?Æn£gw•Å]p~

‚Ó]Å]£g n ìZkÓx n Zq-‚?Æa]£gw•Åp~ªCÙ™@*ìXaè',@~‚Ó]Å®ZŠ (14.4) )zZ]

w•Åp~ƒÏX

‚Ó]Æn£gw•Å]p~ n =

EHÆŠzu}çw•Æ®Z#£gw•~p~ÅÑbZk6,¿™äzZà̧]Æ)z~ƒCìXª

]̧]=

c*

¸]

gK
Š!*î= p…¥xìā

(Total Surface Area of cube) k»ÀÒgK …tÌ¥xìāÔ
~ŠZ4HYñÂqÝƒÇX (14.7) Ã)zZ] (14.8) Zzg (14.6) ¾nāZ¤/)zZ]
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Š!*î

k»w

~ŠZ4HYñÂqÝƒÇX (14.9) Ã)zZ] (14.10) )zZ]

c*

Ã»ïuVÆawÅ)zZ]ë÷X (14.11) )zZ]

wÅ)zZ]Ð}à]ÃZ~.™**: 14.4

!*L»ç: 14.3.3.1

ÃZk§bÐÌ–YYì (14.11) )zZ] wÅ’)zZ]Æ_.

Å)zZ]ƒCìX (Kinetic Energy) ‚Ó]ÅwÅÂZ**ð n …t¥xìāZq-’Æ

ÆgZ„pÐƒƒCìX (Absolute Temperature) wÅ‚@ÃtÆGzŸ]Æ_.uVÅCÙwÅÂZ**ðŠÇ

ª

ƒ@*ìX c*

Šg`™,ÂqÝƒÇX (14.14) ~)zZ] (14.12) Ú´xÐ)zZ] k ŒV6,

PV=RT )zZ] Zq-xìTÅ7ƒÏ R ƒÇ˜V6, PV=RT xƒÇª =PV6,T xŠgzwZg]

„!*LÆçÅ)zZ]ìTÃëäwÅ})zZ]ÐZ~.HìX
ÆÃtÆ_.tìāZq-ñw»ï’ÅwÅÂZ**ðŠÇÆgZ„ÚƒƒCìZzgt J.C Maxwell Y~ 1860 ââââ^̂̂̂::::

wÅÃt»Z•ðZëZzgÆNìXZkÐªCÙƒ@*ìāÓx}‚Ó]ÅwÅÂZ**ð7VZq-„Š6,)z~ƒC÷XZkax

Æa)zZ] (Kinetic Energy) xƒCìX‚Ó]ÅwÅÂZ**ð (Kinetic Energy) Š6,’ÆawÅÂZ**ð
ƒCìX
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: egÖ»ç 14.4.2

ÆgZ„ (Absolute Temperature) egÖçÆ_.Z¤/Ë’»Š!*îxg3YñÂZk’»wŠÇ
ƒ@*ìZkÃwÅ)zZ]ÃZEw™Dƒñqgzfs§iÐqÝHYYìX V αααα T 6,P pÐƒƒ@*ìXªxŠ!*î

’ÅwÅ)zZ]

Zk)zZ]ÃZk§bÌ–YYìX

’ÅwÅÂZ**ðƒCìZzgt’ÆŠÇÆgZ„ 6āZz6,!*LÆç~–ŠHìX…¥xìā

Ã 14.13 Zq-Ú´xì)zZ] k ƒ@*ì˜V c*  pÐƒƒCìª

~Šg`HYñÂqÝƒÇX (14.15) )zZ]

ƒÇX (14.15) 7xƒÏX¾])zZ] ŒV6,

PV = <x T .........(14.16)

Zk§bÌ–YYìXª (14.16) )zZ]

V =
x
P

  < T    .....(14.17)

Ã (14.17) Å7ÌxƒÏXª)zZ] ~(14.17) xƒ@*ìZka)zZ] P aèegÖÆç~Š!*î

V αααα T c*V = k x T c*V = <)ŠzuZx(  T Zk§b–Yñ

²’»Š!*îxƒ'¸egÖ»çìXTÃwÅ})zZ]ÐqÝHŠHìX

Z-Çegz»ç: 14.4.3

Z-ÇegzÆçÆ_.Z¤/7VŠZzg7VŠ!*î6,ŠzZuVÆw)z~ƒVÂZyŠzâVuV~‚Ó]Å®ZŠÌ

)z~ƒCìXZkÃëqgzfs§iÐwÅ’)zZ]ÐqÝ™Mh÷XZ¤/ŠzuVÃ1YñÂ«’ÆawÅ’
)zZ]ƒÇX

Šzu~’ÆawÅ})zZ]ƒÇ
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aèŠzâVuVÆŠ!*îZzgw7V÷Â…qÝƒÇX
ìX Zzg ª

ÐqÝƒÇX (14.19) Zzg (14.8) Zz6,Æ)zZ]

ª

6āZz6,ÒyÅZŠHìāŠzâVuV»ŠgzwZg]ªŠÇ)z~ìÅ<å X
EZyŠzâVuVÅwÅÂZ**ð°‚?Ì7VƒCìX

«’ÅwÅÂZ**ð°‚?

Šzu~’ÅwÅÂZ**ð°‚?

Zz6,ÆÒyÆÇ

ª

ÃZk§b–YYìÔÂqÝƒÇX (14.21) )zZ]

ZEwHYñÂqÝƒÇX (14.24) Zk)zZ]~)zZ]

¾]7VŠgzwZg]ZzgŠ!*î6,Šz)z~Z
ÄAA

êEuV~‚Ó]Å®ZŠ)z~ƒCìZzg¸Z-Çegz»çìX

¤/Zë»®Ò0îG0Óf5+k,~: 14.4.4

gëgc*’ÅÓf5+k,~ÑbZk’ÅÑÄÆ_.gZÔ,Æ!*� RMS ¤/ZëÆ®Ò0îG0Óf5+k,~Æ_.’Å

ZkÓf5+k,~ÆçÃwÅ’)zZ]ÃZEw™DƒñZ~. c* pÐƒƒCìXª

CÙZq-‚?Å m ‚Ó]Å®ZŠìZzg n Zk)zZ]~ HYYìXwÅ’)zZ]Æ_.

’Æ¤/Zx‚@S mn uV~Z-Çegz°ŠÆ',Z',‚Ó]Å®ZŠñ�ŠƒÂ mn ’ÅSÃªCÙ™@*ìXZ¤/ (mn) SÂ

Æ)z~ƒÇX M

~Šg`HYñÂqÝƒÇX (14.25) Ã)zZ] (14.26) ƒÇX)zZ] ¾n

c* c*
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1

’ÅÑÄ

’Å¤/Zx?w
’Å¤/Zx?S

~g3YñÂqÝƒÇX (14.28) Ã)zZ] (14.29) )zZ]

gëg RMS (r) aèÑbÓf5+k,~ ª ƒÇ (1530) xŠ!*î6,)zZ]

)zZ] ƒ@*ì¾n)zZ]ÃZk§b–YYì r αααα C ÆgZ„pÐƒƒ@*ìZÏa

¤/ZëÆ®Ò0îG0Óf5+k,~ÃªCÙ™D÷X (14.32) Zzg (14.31)

eZz»çbz~Š!*î: 14.4.5

eZzÆbz~Š!*îÆçÆ_.xwZzgŠ6,)¬BuVÆWö}ÐªCÙ™Š{ÀŠ!*îZÐZŠ~uVÆbz~

Š!*îÆqÝ¦Æ',Z',ƒ@*ìuVÆWö}~CÙZq-»Š’»Š!*îbz~Š!*îB@*ìX
xwZzgŠ6,ƒ@*ìX ˆ!îg6,

z){uVÆbz~Š!*î÷X Ô Ô Wö}»]Š!*îÔ

w=ÍD÷ÂZk’ V ƒZ¤/ ìZzgZkÅgëg»_.gZÔ, ‚Ó]ÅS (Æ 1- �Ûn™zā«’)’

Ãqgzfs)zZ]ÐªCÙHYYìX ÆŠ!*î

=ÍD÷ÂZk’ÆŠ!*î V ƒZzg)z~w gëg RMS ìZzg ‚Ó]XÅCÙZq-ÅS Æ2 ZÏ§iÐZ¤/’

ÃZk§b)zZ]ÐªCÙHYYì:

Æa (3) ZÏ§iÐZ7z�;]Æ�)z~wÃ=Í~ƒðZuVÆŠ!*îÆa)zZ]‘YMh÷Xª’

z){z){X

Æa)zZ]ƒÇX =ÍCƒVÂ]Š!*î V ZÏ§bZ¤/Óxµ4h4
ø

Y
GGZq-„w

ª

t)zZ]eZzÆbz~Š!*îÆçÃ7™C÷X¾neZzÆçbz~Š!*îÌ}wÅ)zZ]Æfg=Z~.HYYìX
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‚@gëgzVÅ!5½ið GwD1Å2.ç
HEðÆ_.„ 14.5

}‚Ó]Úw•~ƒD÷ZÏŠzgZyÎ‚ÓC£ŠxZzg',@ÅŠ-ZgzVÐ£ŠxzZµƒ@*ìTÆ³~

ÂZ**ðÅZiuâ„ƒCìX‚Ó]ÆŠgxyÚ£gw•»nŠ!¿W@*ìXZkagëgzV~p~zZµƒCìXtZkz‰Ü
Ìƒ@*ìZ#āZ’Zðqª~Óx‚Ó]áZi~èo~7VgëgÐw•™D÷̧]Yf[i}ZzgŠzu~¤!VÅzz

ä«%û’Æ‚Ó]Å J.C Maxwell ÐûZgw•"F,KMw•~psƒYCì�ā}qªÅS:]ìX
gëgzVÆç»§i¥xHTÅ©#ÐZWF,+ƒC÷XZka!5½ið Gwä‚>VÅZÂgëgzVÅ„ZkãçÃ

ZEw™DƒñZ~.HXZzg³ÃZkäˆ!̂~ªCÙHTÃqgzfs§iÐªCÙHYYìÔ

’~ñ�Š] n ~ƒ (range) ÆŠgxy (c+dc) Zzg c Ð%ZŠ‚>VÃz{®ZŠìjgëg ~(14.37) Zz6,Æ)zZ]

’»xìX R ŠÇì T ’»‚@ziy M ‚>VÅ®ZŠ

Z÷F,+ÐZWF,+gëgzV»�ÛtZkÐtC[™**eìā dc ÅZq-{mZ÷F,+gëgZzg range C ßÇg?»Z‚kìX e

‚Ó]ÅXŸz{gëggBbìXZk%³6,ZÚY'»°ìXā’Æ‚Ó]Óxegëggnp÷XZÏÃë‚@gëgzVÅ„»ç

Æfg=‚Ó]ÅŸÅgëgzV»ØÎ** T ZzgŠÇ R ’»x M ë÷XZkçÐ¥xlZg,‰ā’»‚@ziy
eìX

Ð„HYñ�qÝƒÇX dc ÃZ¤/ (1) Zz6,Šb‰ƒñ)zZ]

gëggppzZá‚>VÅZkã C Ã‚@gëgzVÅ„»!5½ið Gw»çë÷XZk)zZ]~!*N§sñ�Š (14.38) )zZ]

Z¤/M Z¤/¥xƒÂËÌŠ6,‚>VÆ‚@ziy M ƒªCÙ™@*ìX’Æ‚@ziy C qªÃªCÙ™@*ìX�‚>VŸjgëg
ƒC[™Mh÷X C ¥xƒÂËÌŠ6,‚>VÆŸÅ7XÅgëg

"g6,‚>VÅgëgzVÃ7HŠH -X qgzfs{ā~!5½ið GwÆçÆ}òÃF,®Å̂~7HŠHìX˜V6,
"g6,‚>VÆZgëgzVÅ‚ŸÃªCÙHŠHìX¬xîg6,�È^qÝƒCìz{qgzfs~7ÅˆìX -Y ìXZzg

(Fig. 14.2) 14.2 ^

204



ÐtªCÙƒ@*ìā66‚>VÅgëg(,fìz(z(‚>VÅŸXÅgëg¬#Ð(,fƒðZWF,+ 14.2 Zz6,Š~ˆ^

KÃV™QŠzu~Y+$#Å§s¤/CìXc*ÁƒCìX…t¥xƒ@*ìā‚>VÅŸXÅgëg¹Ác*¹ic*Š{ì!*Ç„ a
X c*Z÷F,+ìXZÏ§iÐZq-Šzu~Zë!*]t¥xƒCìZq-Z+gëg‚>VÅƒCì˜V6,‚>VÅŸZWF,+ƒCì Á

‚@gëgzVÆZlx 14.6

‚@gëgzVÅ¬xîg6,&9ƒC÷X»Òyn7HŠHìX

(Average Molecular Velocity) Zz‰‚@gëg 14.6.1

}‚Ó]Úw•~ƒD÷ZzgÓx‚Ó]ÅgëgZzgÂZ**ðCÙz‰Ü7V7ƒCZÏaë‚Ó]ÆgëgÅÜsZz‰gëg
z){ Ô Ô ƒZzgZyÅZÐZŠ~gëg, 'n' C[™Mh÷XZ¤/Šb‰ƒñ’Æ%ä~‚Ó]Å®ZŠ

ƒVÂ‚Ó]ÅZz‰gëgÃZk§bC[HYYìX

ÃZz‰‚@gëgë÷X ŒV6,
!5½ið GwZzg1Å2.ç

HEðäCc*ā‚@gëgzVÅÇ„»Z®gZq-’ÆŠgzwZg]Zzg‚@S6,ƒ@*ì¾nZq-’Æ

ÃZEw™DƒñZz‰‚@gëgÆaqgzfs)zZ]7HY@*ìX M Zzg‚@ziy T ŠgzwZg]

(Most Probable Velocity) ZWZkãgëg 14.6.2

!5½ið GwZzg1Å2.ç
HEðäCc*ā‚@gëgzVÅÇ„»Z®gZq-’ÆŠgzwZg]Zzg‚@S6,ƒ@*ìXqgzfŝ

Ð 6,‚ÓCgëgÆ£Ã̈Cc*ŠHìXŒV6, Zzg Æ_.fsÅF,®~‚Ó]ÅgëgŠzZŠgzwZg] 14.3

(Maxwell Botlzmann Distribution ZkF,®~Š3ðˆgëgzVÅ„Ã!5½ið Gw1Å2.ç
HEðgëgzVÅ„ —F,ì

¹Y@*ìX of molecule)

(Fig. 14.3) 14.3 ^

ZkF,®~Š3c*ŠHìā.e$—gëgZzgZ•ðÁgëggppzZáZÓ]Å®ZŠ¹ÁìX
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ÈÅZ•ZkgëgÃªCÙ™Cì�‚Ó]ÅM®Z~0*ðYCìXtgëgZWZkãgëgBCìX¾ntāZWZkã
gëgz{gëgƒCì�‚>VÅM®ZŠZq-–ŠgzwZg]6,0*ðYCìXZzgtF,®~Z•ðaKÃªCÙ™CìXtgëgŠgzwZg]~

ZŸ±Ð(,fìXÅ<å X
EZ—ŠgzwZg]6,gëgÅ„ÈÄìXTÐªCÙƒ@*ìāZ•ðic*Š{gëgÐw•™äzZá‚Ó]

~ZŸ†ƒ@*ìXZq-Zzg¢zg~!*]tìāgëg~„‚Ó]ÅS6,Ì«ƒCìXª7VŠgzwZg]6,ic*Š{SgppzZà

’‚Ó]Ågëg}̄‚Ó]ÐÁƒCìXVwÆîg6,7VŠgzwZg]6,³g+Æziã‚Ó]Ð**¶zXÆ¯

‚Ó]!~Ðw•™D÷®ZŠb‰ËÌŠgzwZg]6,³g+Æ£«~**¶zXÆ‚Ó]~ZWZkãgëgÅ7

¹ic*Š{ƒCìX

(Fig. 14.4) 14.4 ^

ZWZkãgëgÃC[™äÆa�Ÿ‚ZEwƒ@*ìqgzfs~Šc*ŠHìX

(Root Mean Square Velocity) (c) Zz‰%¹gëg»_.gZÔ, 14.6.3

ìÂZygëgzV»%,ƒÇ Ô Ô ‚Ó]÷XÅgëg!*nKM n Z¤/Zq-’~

Z¤/Zz‰%,gëg»_.ZÔ, ZzgÓx‚Ó]Zz‰%,gëgƒÏX Ô Ô

ë÷ZzgZkÃqgzfs§iÐ (root mean square velocity) (r.m.s) ïÑYñÂZkÃë÷Zz‰%¹�Û@*g»_.gZÔ,
ªCÙHY@*ìX

Zz‰%¹gëg»_.gZÔ,ÆC[™äÆa�Ÿ‚ZEwƒ@*ìc*ƒD÷qgzfsŠg`÷X

’»wÔZzg V ’»Š!*îÔ P ŠÇc*ŠgzwZg]úye:6, T ’xÔ R ’»‚@ziyìÔ M ˜V6,

’ÅÑÄìX
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‚@gëgzVÆŠgxyģc*m: 14.6.4

‚@gëgzVÅ&nƒC÷:
(Average or Mean velocity ) Zz‰gëg X1

(Most Probable velocity ) ZWZkãgëg X2

(Root Mean Square velocity ) Zz‰%¹gëg»_.gZÔ, X3

tÐVgëgzVÃC[™äÆZŸÆqgzfs÷

(14.40)..... Zz‰gëg X1

(14.41).....   ZWZkãgëg X2

(14.43)..... c* Zz‰%¹gëg»_.gZÔ, X3

ÅF,KMŠgzfs~Š~ˆX ZzgZWZkãgëg (c) Zz‰gëg Zz‰%¹gëg»_.gZÔ,

}‚Ó]ÅÐVnÅgëgzV~Úc*ģÃøDfs)zZ]ÅæŠÐqÝHYYìX

ÆŠgxyģZk§bƒ@*ìX ZzgZz‰%¹gëg»_.gZÔ, Zz‰gëg X1

(14.47) ..... Zz‰gëg

ÆŠgxy»ģƒÇX ZzgZz‰%¹gëg»_.gZÔ, ZWkãgëg X2

(14.48) ..... ZWkãgëg

(14.49) ..... X3

(14.450) ..... X4

7VŠgzwZg]c*ŠÇ6,ŠzZuVÆZz‰%¹gëg»_.gZÔ,ÅÚƒÏX X5

c*  .....(14.51)
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6,ƒÏX Zzg T Zq-„’ÅZz‰%¹gëg»_.gZÔ,ÅgëgŠzZŠgzwZg]c*ŠÇ X6

c*  .....(14.52)

ƒÂZkÅZz‰%¹gëg»_.gÔ,ª°]~ƒÏX M ƒZzg‚@ziy T Zq-’TÅŠÇ X7

ª°² ....(14.53)

(Fig. 14.5) 14.5 ^

: (I) ].zw 14.6.5

Table I : Average velocities of some gases at 0OC in  meter/sec

Gas ’ Zz‰gëg Gas ’ Zz‰gëg

Hydrogen 1692 Argon 380.8

Helium 1204 Methane 600.6

Nitrogen 454.2 Ammonia 582.7

Oxygen 425.1 Carbon dioxide 362.5

Chlorine 285.6 Carbon Monoxide 454.5

(Average Kinetic Energy) Zz‰ÂZ**ð!*ā• 14.7

Zq-{mz‰Ü6,’ÆZfgZ]ÅgëgZƒCìXÅ<å X
EZZyÅwÅÂZ**ðZƒCìXZÏëwGz£Æ_.Z¤/

Zq-‚?Ågëgp5+k,ìÂZkÅwÅÂZ**ðÌp5+k,ƒÏXZyqÑ]~ëÜsZz‰wÅÂZ**ðÅ„!*"$™Mh÷XwÅÃt~
Zq-ZëGz£tìā‚>VÅZz‰wÅÂZ**ðÇŠgzwZg]ªŠÇÆ!*°Z„pÐƒƒCìXª

ìZq-Å’ …¥xìāwÅ})zZ]Æ_.

ÃªCÙ™@*ìX M=mnªM Zq-’Å?S ''m n" ‚>VÅ®ZŠZ-Çegz°ŠÆ)z~ƒ@*ìZzgZk§b nÆ
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~Šg` (14.55) Ã)zZ] (14.56) ƒ@*ì)zZ] …tÌ¥xìāwÅÂZ**ð»Ÿ‚

Zz‰ÂZ**ð!*ā•ìX…tÌ¥xìZq-Và ŒV6, HYñÂqÝƒ@*ì

Æfg= (PV ==== RT) Zzg (14.57) ŠÇìX)zZ] T ’xZzg R ŒV6, PV=RT ’Æa})zZ]ƒCì
…qgzfs)zZ]qÝƒ@*ìX

c*

]Ð.ðVÅ®ZŠñ�ŠƒÂZkÆat)zZ] 'n' ’ÆZq-ÅÅÂZ**ð!*ā•ÃªCÙ™@*ìXZ¤/Zq-’~ KE ŒV6,

¾nZq-ÅVà’ PV=nRT ]Ð.ðVÆaVà’)zZ]ƒÏ n Zkaā ƒÏX

ÅZz‰ÂZ**ð!*ā•Æa)zZ]ƒÏ (Avogadro No. of molecules) c*(one mole of molecules) Æ‚>V

6āZz6,ÒyHŠHìāŠÇ6,ÂZ**ð!*ā•Šgz ]Ð.ðVÆa)zZ]ƒÏ n Zzg

Zk)zZ]ÐªCÙƒ@*ìāŠb‰ŠgzwZg]6,ËÌ’ÆZq-ÅÅÂZ**ð  wZg]ÆgZ„pÐƒƒCìª

!*ā•7VƒCìXË’ÆZq-ÅÆaÂZ**ð!*ā•Zk§bƒÏX

Ã’x°‚?ë÷X1Å2.ç
HEðxÅ©Zk (R/N) ìTÃ1Å2.ç

HEðx¹Y@*ìX1Å2.ç
HEðx  ŒV6,

c* §bƒC÷X

Zk Zzg�Ö~ Å©¥x÷ª R ƒCì…

ƒCì N ZzgZÏ§bZ-Çegz®ZŠ aā

(Law of Equipartition of Energy) ÂZ**ðÅ)z~„»ç 14.8

’‚Ó]Úw•~gT÷ZzgZyÅw•CÙ‚~ƒCìXZÏaë‚Ó]ÆgëgÅÜsZz‰gëgfe
÷ËZq-{mz‰Ü6,’ÆZ‚Ó]ÅgëgZƒCìÅ<å X

EZZéwÅÂZ**ðÌZƒCìXZka6āZz6,ÒyHŠHì
ā‚>VÅwÅÂ**ðÌZƒCìZÏaëÜsZz‰wÅÂZ**ðÅ!*]™D÷ZzgC[™D÷XëŒV6,Zz‰gëg7É

c* c* Zz‰%¹_.ZÔ,»ZEw™DƒñÂZ**ð!*ā•»Ÿ‚Z~.K÷X�ā

’Æ‚>VÅZz‰%,_.gZÔ,gëg c ’»‚@ziyìZzg M ÂZ**ð!*ā•ì (KE) ƒ@*ìXŒV6,
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4V~{÷Â6ā¬Cc*ŠHìāgëgÃZk§bÐŒÛZgŠZŠ z Zzg y Ôx gëgÆÐV4Vª Zzg Ô ìXZ¤/

HYYìX

aè’Æ‚>VÃCÙ‚~7VgëgÆ‚Bw•ƒCìZÏaÂîg6,‚~gëg)z~ƒCìXª

Zzg ZÏ§iÐ ‚~ÂZ**ð!*ā•ƒÏ X ZkãCŠ6,

]ÂZ**ð!*ā•ÐV4V~ƒÏX

.....(14.62)

»Ÿ‚ëäZ~.Hìā KE 1]

ª

Z¤/ÐV4VÅÂZ**ð!*ā•Zµ™Šc*YñÂqÝƒÇ

Æ',Z',ƒCìX ª’»CÙ‚?ÅÂZ**ð!*ā•ÐV4V~)z~îg6,„ƒYCìZzgCÙ‚ZkÅ7

ZÏçÃÂZ**ðÆ)z~„»çë÷X

(Heat Capacity of Gas) Zzg}wZg~Rö (Degree of Freedom) ŠgzWiZŠ~ 14.9

ŠgzWiZŠ~: 14.9.1

’»ŠgzWiZŠ~z{°Šì�’6,ZW,Z0+ZiƒäzZáúZïÅ®ZŠÃe@*ìXZ¤/tìwHYñā’Æ‚Ó]Å

w•ÜsZq-„‚~eìÂZ,}ÂxÃZq-ŠgzWiZŠ~zZÑ}Âx}ÐXZ¤/Šz4V6,}‚>VÅw•ŒƒÂZkÃ

ŠzŠgzWiZŠ~zZÑÂxZzgZÏ§iÐÐV4V~eƒÂ&ŠgzWiZŠ~zZÑ}Âx}ÐX
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wZgCRö: 14.9.2

ÐZ•ðŠÇ wZg~Röz{wZg]ÅlZgƒCì�Zq-ñw’c*Zq-Å’Ã¤/xHYñÂZ’ZðŠÇ

J-¤/xƒZzgZk%µ~_.[”{wZg]ÃwZg~Röë÷XwZg~RöŠznÅƒC÷Zq-ƒCìxw6,TÃ

ÐªCÙHY@*ìX ÐªCÙHY@*ìZzgŠzu~nƒCìxŠ!*î6,;

J-¤/xHY@*ìÂ_.[”{wZg]Ã ÐŠÇ 6,ŠÇ (∆∆∆∆V = 0) Z#Zq-ñwc*Å’Ãxwª

aèw xwCÙËÅ6,wZg~Röë÷XwwH]Æ¬çÆ_.…¥xìā

Zzgxw6,wZg~Rö»Ÿ‚ƒÇ Zzgt)zZ]ƒÇ ∆∆∆∆V = 0 xìXZka

c* c* c*

Z0+gzãÂZ**ð~�Ût = ∆∆∆∆E wZg]ÅlZgxw6,Ô xw6,_.[”{wZg]ìX ∆∆∆∆E ŒV6,

J-¤/xHYñÂ_.[”{ ÐŠÇ 6,ŠÇ (∆∆∆∆P = 0) ZÏ§iÐZ#Zq-Å’ÃxŠ!*îª

wZg]ÃxŠ!*î6,’ÅwZg~Rö¹Y@*ìX

c* ª ŒV6,

¾n c*

ÐªCÙ™D÷ZzgZkÅ°pˆ!îg6,Zk§bÅYCì HÃ (Enthapy) wwH]Æ¬çÐ…¥xìāZ&4-£é G
EG8

Æ',Z',ƒ@*ìX6ānCc*ŠHìX R ~�ÛtC[™Mh÷�}x Zzg ZkÐë H=E+PV.........(14.75)

Æ',Z',ƒCìX R Ã7 1ëqgzfs§iÐU*"$™Mh÷ā

x PV = RT HYñÔ (Diffrentiate) Š!*î6,Z#̧&
P.dV = R dT         

c*

Šg`HYñÂqÝƒÇX (14.79) Ã)zZ] (14.80) )zZ]
c*   
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ÅÚ: Zzg ’‚>VÆ 14.9.3

Å Zzg Å7ƒÏ ¬xîg6,Zq-�CÙ~’‚ãÆa

WŠHÂZyÅ©ƒÏ (complexed factor) Z¤/}‚>V~
!i¹Ðö

I
¬ï)ë{¬ï(

Zzg Zq-ë{¬ïìXuVÅ x ˜V6, Zzg

ÐªCÙHY@*ìª γγγγ ÅÚÅ7…¥x™zZCìā’Zq-�CÙ~ìÔc*Šz�CÙ~c*&�CÙ~ZzgZkÚÃ

ª

ª x = 0 ƒÇ#ª x Z¤/Zq-�CÙ~’‚ãƒVÂë{¬ï X1

ª x = R Z¤/Šz�CÙ~’‚ãƒVÂZy»ë{¬ïƒÇX X2

ZzgZ+ßg]~ ƒÇ x ZÏ§iÐ&�CÙ~}‚>VÆçA~ë{¬ï X3

ÅuVÅ‚@ÆmÐ¹ZÌgBbìX γγγγ ÅÚ Zzg Å7ZzgÁƒY¨X¾n γγγγ ZzgZ¤/M‚@}ÅƒVÂ

Å©ÔZyÅÚZzg�CÙe$ Cv Ô Cp ].zw:ZuVÆ 14.9.1

Table II : Cp , Cv values, This ratio and Atomicity of Different Gases

����CCCCÙÙÙÙeeee$$$$

(Atomicity)

(Value) 7777

Cp - Cv

(Value) 7777

Cv

(Value) 7777

Cp

(Value) 7777

’’’’
(gas)

Sr.

No.

1 1.66 1.91 3.09 5.00
45Í-

ê
XGG .1

1 1.67 1.99 2.99 4.98 WgÇy 2

1 1.67 1.99 2.98 4.97 0*g{ggZ] 3
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����CCCCÙÙÙÙeeee$$$$

(Atomicity)

(Value) 7777

Cp - Cv

(Value) 7777

Cv

(Value) 7777

Cp

(Value) 7777

’’’’
(gas)

Sr.

No.

2 1.40 1.98 4.92 6.90 **>zX 4

2 1.42 2.08 4.84 6.92 Wx 5

2 1.46 2.01 4.32 6.33 ;àgzX 6

2 1.41 2.06 5.01 7.07 ;àgzX³gZà 7

3 1.30 2.04 6.71 8.75 »g0eZð
W‚à

8

3 130 2.05 6.66 8.81 **>kW‚à 9

3 1.29 2.18 7.52 9.70 ÷eZðW‚à 10

(Learning Outcomes) Zõ!}ò 14.8

ZkZ»ð~ë_·K÷ā
uVÆ§i¿ÃŒäÆa’Å‚@Ãt»‡.ÞJw%: X1

’ÅÃtÆGzŸ]ZzgZyÅãCŠ6,’Å)zZ]Z~.™** X2

’Å)zZ]ÃZEw™Dƒñ’à]Æ)zZ]Z~.™**6ā!*L»çóegÖ»çóZ-Çegz»çó¤/Zë»çÓf X3

5+k,~eZz»bz~Š!*îçóZz‰ÂZ**ð!*ā•Æa)zZ]z){»Z~.™**X

‚@gëgzVÅ„»ÃtóZWZkã£zk,){»'X X4

‚@gëgzVÆŠgxyģc*móŠgzWiZŠ~ZzgwZg~RöÅ°pZzgwZg~Rö»ģZzgZêŠgxyÅÚZzg X5

�CÙe$»¬gsHŠHìX

(Keywords) ã~ZÖp 14.11

z){ƒVXZyZz‰_.gZÔ,gëgƒCìX Ô Ô ‚Ó]Ågëg, n Z¤/ ZZZZzzzz‰‰‰‰____....ggggZZZZÔÔÔÔ,,,,ggggëëëëgggg:::: .1

SZzggëg»qÝ¢[£gw•B@*ìX ££££ggggwwww••••:::: .2

k»îwìX l ˜V6, kkkk»»»»ÀÀÀÀÒÒÒÒggggKKKK:::: .3

ìX wwwwÅÅÅÅ’’’’))))zzzzZZZZ]]]]:::: .4

)zZ]ÐªCÙ™D÷X ’’’’ÅÅÅÅÂÂÂÂZZZZ********ððððcccc****ÂÂÂÂZZZZ********ðððð!!!!****ZZZZāāāā••••ÃÃÃÃ .5
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ÃZk§bªCÙHY@*ìX ZZZZzzzz‰‰‰‰‚‚‚‚@@@@ggggëëëëgggg:::: .6

z){ZÐZŠ~‚>VÅgëg,÷X Ô ŒV6,Ô

�‚Ó]ÅM®ZŠ~0*ðYCìZkgëgÃZWZkãgëgë÷X ZZZZWWWWZZZZkkkkããããggggëëëëgggg:::: XXXX10

(Model Examination Questions) %:ZJãÎZÑ] 14.12

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

Và’ÅwÅ’)zZ]»ÃgñÑƒ@*ìX X1

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

~‚Ó]Å®ZŠ¾§bƒCì? B Zzg A Z-ÇegzçÅãCŠ6,7VŠgzwZg]ZzgŠ!*î6,)z~Z
ÄAA

êEŠzuV X2

~ic*Š{ B ~ÁZzg’ A’ (b) Ðic*Š{ B ~’ A’ (a)

¼7ÈMhX (d) ~)z~ B Zzg A ŠzâVuV (c)

¾nÅgëg»Ÿ‚ì? X3

Zz‰%¹gëg»_.gZÔ, (b) ZWZkãgëg (a)

Zy~ÐÃð7 (d) Zz‰‚@gëg (c)

qgzfs~ÐZWZkãgëg»ÃgñÑÃy‚ì? X4

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

ñÖÆaZz‰ÂZ**ð!*ā•»Ÿ‚ƒ@*ìX n X5

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

',Z',ƒ@*ìX ƒÂZy»�Ût ZzgxŠ!*î6, xw6,wZg~Rö X6

ßB Zzg A ŠzâV (d) 9B Zzg A ŠzâV (c) ÆK 1Ë.çHEðx (b) ÆR ’x (a)

ÅÚÅ7ƒCìX Zzg Zq-�CÙ~uVÆ‚>VÆa X7

1.0 (d) 1.66 (c) 1.40 (b) 1.33 (a)

}‚Ó]ÅÐVnÅgëgzV~qgzfs~ÐÃy‚ģ9ì? X8

(b) (a)

(d) (c)
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1Ë.çHEðx»9°ŠìX X9

(b) (a)

(d) (c)

»°Šƒ@*ìX **>zXÆa X10

1.40 (d) 1.30 (c) 2.05 (b) 1.66 (a)

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

wÅ‚@ÃtÆGzŸ]Òy<X X1

Và’Å)zZ]wÅ’)zZ]ÐZ~.<X X2

¤/Zë»çÓf5+k,~ÃqÝ<X (b) Z-ÇegzçZzg (a) wÅ’)zZ]Æfg= X3

‚@gëgzVÅ$4h½ið GwX1Å2.ç
HEðÆ_.„ÆmÐsX X4

Zz‰ÂZ**ð!*ā•Æa)zZ]Z~.<X (b) eZzbz~Š!*îçZzg (a) wÅ’)zZ]Ð X5

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

uVÆwÅ‚@ÃtÆGzŸ],ÐÉÀŸ/õGX X1

wÅ’)zZ]ÃwÅ‚@ÃtÅãCŠ6,Z~.ÙX X2

wÅ’)zZ]Æfg=Z}à]ÃqÝÙX X3

‚@gëgzVÆZlxZzgZyÆŠgxygºÉÀŸ/õGX X4

Zz‰ÂZ**ð!*ā•ZzgÂZ**ðÅ)z~„ÆßÃÒyÙX X5

(Suggested Books for Further Readings) '×h+_¬Æa?m,™Š{ÂÁ 14.12

1. Essentials of Physical Chemistry By Arun Bahl, B.S bahl

2. Principle of Physical Chemistry by S.H Marun and C.F. Pruton

3. Principle of Physical Chemistry by B.R. Puri, L.R. Sharma, M.S Pathania

4.  Text Book of  Physical Chemistry by P.L Soni and Dharmahara

5. Elements of Physical Chemistry by S. Glasstone and Dand Lewis
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:ÇuV»§¿̄ 15 Z»ð
(Behaviour of Real Gases)

Z»ðÆZbZ
ā 15.0

£œ 15.1

»ïuVÆ§i¿ÐZāZs 15.2

Š!*îÆ‚BZuVÆnóî¬ï~p 15.3

»ïuVÆ§i¿ÐZāZsÅz�;] 15.4

zhgzZw)zZ]Å)zZ]Z~.™** 15.5

Z0+gzãŠ!*îÆno 15.5.1

’ÆZÝwÆno 15.5.2

zhgzZw)zZ‹qª 15.5.3

zhgzZwÆxZzgZyÅZ»×V 15.5.4

Å© 'b' Zzg 'a' ].zwPuVÅ 15.5.5

zhzZw)zZ]Åñiz+M 15.6

ZŠÌc*ÁŠ!*îÆ� 15.6.1

Zdc*¹ic*Š{Š!*îÆ� 15.6.2

¹„Ác*Z•ðÁŠ!*îÆ� 15.6.3

¹ic*Š{ŠÆ� 15.6.4

;àgzXZzg
45Í-ê
XGG»Z]ð§¿̄ 15.6.5

Švqr)zZ] 15.7

',Á^)zZ] 15.7.1

eZ¶Ï)zZ] 15.7.2

]̄4ø
IG)zZ] 15.7.3

zZ\s)zZ] 15.7.4

Zõ!}ò 15.8

ã~ZÖp 15.9

%UZJãÎZÑ] 15.10

'×h+_¬Æa?m,™Š{ÂÁ 15.11
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ā 15.0

’à]‰!*L»çŠ!*CçìuVÆ§i¿ÃŒäÆn’Å‚@Ãt�gšÆJwHY@*ì’Å
)zZ]ÐZ~.ò‰’à]ñÐË’ÃZL@*,7™DXik,_·»ï§i¿ÐZāZs™CìXVwÆîg6,ËŠ~ˆ

ÓxŠZzgŠ!*îÆ�x7ƒ@*ìÉ©àZāZse@*ì…ZyZāZÃ]Æ (PxV) ’ÅS»Š!*îZzgw»qÝ¢s

z�;]»ØÎ**ìX

£œ 15.1

ZkZ»ð»ZëÑÇuV»Vàc*»ïuVÆ§i¿ÐZāZsÆ!*g}~c™**ìZzg‚B„ZyZāZÃ]Å

z�;]ÃÌC**ìZzgtāqÝƒäzZá}òc*â~.ÇuVÆ§i¿Ã¾§bŒ**ìXZkZ»ðÃå™heÆˆ¥Zk

‡.ÞƒYNÐāÔ

ŠgZÝ’ÅÃtVàc*»ïuVÆn7HŠHìpµ4h4ø
Y

GG»$Ò3ïGGÐ¹ŠzgƒD÷ZzgVàc*»ï§i¿Ð‡.Þ X1

ÒpZāZs™C÷X
�Ûèc*ìà»ïuVÆÜs8©3©ð

G
GGVuVÆ‚Ó]ÆŠgxy‡.Þf™̧'0*ðYC÷Zzg‚B~‚Ó]»ZÝw X2

µ4mø
Y

GÆw»‡.ÞÒpŸƒ@*ìX
tŠzâVx@Z]ic*Š{Š!*îZzgÁŠ6,úc*Vîg6,ªCÙƒD÷X X3

(Van Der Waal uVÆ§i¿ÃŒäÆnŠØ‰Z)zZ]~Zq-)zZ]zhgzZw)zZ]

Åì�ā¹„‚Š{ìXÇ’Æ‚Ó]ÆŠgxy0*ñYäzZàæZzg‚Ó]ÆZÝwZzgŠ!*îÅo Equation)

™Dƒñ»ï’Å)zZ]ÃpsHŠHìZkÆ!*z�ŠZk)zZ]»Z:tözŠìXzhgzZwÆxZzgZmñiz+MÆ

mÐcHŠHXFŠv)zZ]qª»Ìf™HŠHìX

(Deviation from Ideal Gas Behaviour) »ïuVÆ§i¿ÐZāZs 15.2

ë÷X|~0*ð (Ideal Gas) Z¤/ñÐÃð’}à]Æåîg6,@*,ƒCìÂZ+’Ã»ïc*Và’

YäzZà’»ïc*Và7ƒC÷ZzgVqÐ¹ŠzgƒC÷6ā¬„E+™{HY[ì»ï’Üsìàc*�ÛèƒC
÷XVàc*»ï’ÐŠzg~ÅzzÐÇ’»§i¿»ï’Æ§i¿Ð‡.Þ̈gZāZsÃªCÙ™@*ìXZq-ñw’ÆnZ~.

ÁŠ!*îZzgic*Š{ŠÆ�‡.ÞJwƒCìXp�V„Š!*î~ZŸ†c*Š~¶zZµƒCìÂ»ï PV=RT ™Š{})zZ]

ÆŠgxyF,® (PV) §i¿~zZãZāZs»x@{HY@*ìXZkÃxŠÆ�Ë’ÆZŠ!*î6,Š!*îZzgwÆqï¢[

»qÝ¢[x PV ÐªCÙHYYìXZ¤/t’!*LçÆ@*,ƒÂZzg»ï’ƒÂxŠ6,ZzgZŠ!*î6, (Graph)

15.1 âāqÝƒ**ecXTÃqgzfŝ (Parallel) ¤/Zs~Š!*îÆ"gÆáZi~ P Zzg PV ƒ**ecXTÆË~

xƒY@*ìZzgÓx PV ¤/Zs»g™ä6,YèxŠgzwZg]6, P-PV ÐªCÙHŠHìXª (DottedLine) ~Nâ
ŠgzwZg]6,ZuVÆn 273k "gÆáZi~¦SÑíƒãecXqgzfŝ~ x ¤/Zs P ®¨ PV uVÆn

ÇZ°ZŠzÑgÅæŠÐ»gÆnöÃ̂Cc*ŠHìX
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ÆŠgxy¤/Zs P - PV :  15.1^
¤/ZsZq-¦SÑí P ®¨ PV ~t¹W‚ãÐŠ¬YYìāxŠgzwZg]6,ÇuVÆn 15.1 Zk̂

(,kìZÏ P 7ìXVàuVÆÃtÐZāZsZëìXŠz§bÆ
&B-ö
EE

ÃWgZì÷XeZð;àgzXZzg
45Í-ê
XGGÆn‰‰

ÅŠgÌ(,fìXŠzu~uV~‰ā»g0ñâW‚àZzg
$4-

£4è
G
GGEÆçA~Šzu~n»¤/ZsqÝƒ@*ìXZy PV §b

Å7nìZzg²+76,VYCì�Ë’Åºm PV uV~¬ÇuVÐtZāZsìXŠ!*î(,"Æ‚B
Å7~ZŸ†ƒ@*ìXZzgZkÆˆ~ÈVà’ÅÑíÃ0*g™@*ìXZzgZkÆÚ̂µZāZs PV 7ìXZkÆˆ

ÐtÌªCÙƒ@*ì 15.1 Š3@*ìXZkÐ™sªCÙƒ@*ìāÇ
µ4h4ø
Y

GGÓxqª~Và’Æ§i¿»Znq7™C÷X̂
Å7~Ú PV āŠzu}uVÆ',Üs;àgzXZzg45Ðê

XG»§i¿ZìXŠ!*îÆZŸ†Æ‚B;àgzXZzg45Ðê
XGÆ

ZŸ†ƒ@*ìZ#āŠzu~uVÆnZ’Z~¶ƒCìpˆ~ZŸ†zZµƒ@*ìX
ZÏ§bË’Æ§i¿ÐZāZsÃÒy™äÆnŠZë¬ïìegÖZzgZ-ÇegzÆà]ÐÇuVÅ

ßg]~‡.ÞÒpZāZszZµƒ@*ìXZq-¬xx@{tìāW‚ãÐâù~psƒäzZà’ic*Š{ZāZs»bCÙ{™CìX

Š!*îÆ‚BZuVÆnóî¬ï~p: 15.3

: (Change of Compressibility Factor of Different Gases with Pressure)

ÆPV ÅZ˜b~ÅYCìXt ( Compressibilty - Factor) Z Và§i¿ÐZāZsÅeöóî¬ï

Ç’ÆnÓxŠgzwZg]ZzgŠ!*î ÆŠgxy0*ðYäzZàÚƒCìª nRT qÝ¢[Zzg

Æ‚B¤/ZsZq-âā~ƒÏ�āŠ!*î"gÆáZF,„ƒÏ6āqgzfŝ P » PV=nRT ƒ@*ìYè Z=1 Æn

Å7Z»ðÐZāZs™}ÏX Z ~Cc*ŠHìZyuVÆn�Và§i¿ÐZāZs™C÷ 15.2

Z>I ƒÇZzgz{Và’Å§b¿™C÷ic*Š{Š!*î6,ÓxuVÆn Z=I ¹ÁŠ!*î6,z{Óxµ
4h4ø
Y

GG�Š3ðˆ÷Zy»

ƒ@*ìÅ<å XWLEZµ
4h4ø
Y

GGVà§i¿»Zkz‰ÜªCÙ™C÷Z#ZyÆ Z<I ìZyÃŠ!***ic*Š{ÂìŠgxãŠ!*î6,ic*Š{F,uVÆn

fg==ÍZŠHwZÚic*Š{ƒāZkÆ£«~‚>VÆnwÃZ0+ZiHYnªuV»§i¿Zkz‰ÜVàƒY@*ìXZ#Š!*î
¹ÁƒY@*ìË’6,¾uJ-Và’ç»Z:tƒ@*ìXZk»Z®g’Åâ:ZzgŠgzwZg]6,ìXz{ŠgzwZg]T6,Ãð
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B@* (Boyle Temp or Point) Ç’ËŠ!*îÆ‡.ÞJwuJ-Ç’Å§b¿™Cì!*LŠgzwZg]c*!*L7Zz

Å7 Z ìXË’»!*L7ZzZkÅâÎ6,«ƒ@*ìX!*L7ZzÐZz6,Ç’Wàs§i¿ÐµZāZs™C÷Zzg
Zq-Ðic*Š{ƒCìX

Å7~¶ Z ‚>VÆŠgxy̧]æ¹$zgƒCì!*L7ZzÐnÇ’¬Š!*î~ZŸ†ƒ@*ìZzg
Å7Ú(,fì¾]qgz!*ÑzŸs#ÐtªCÙƒ@* Z zZµƒCìX�Zq-²+7J-VY@*ìXŠ!*î'×h+(,JäÐ

ìāÁŠ!*îZzgic*Š{ŠgzwZg]6,µ
4h4ø
Y

GGVàªWàs§i¿»ZÖg™C÷XtqÑ]ZuVÆnZƒD÷X
ÅZÌ~ic*Š{zŸs#ƒÏX Z ÃŠBÂ (Derivation) Z¤/ëqgzfsZ¡w

Å7gpp6,qÝƒÇX ~(15.2) )zZ] Z¤/’Và§i¿ªCÙ™CìÂ

ÐŠNMh÷āóî¿Ë’ÆÇ?wZzgZnVà?wÅÚ6,ƒ@*ì (15.4) )zZ]

ª²’»ŠgzwZg]ZzgŠ!*îVàqÑ]6,ƒX

»ïuVÆ§i¿ÐZāZsÅz�;] 15.4

(Reasons for Deviations from Ideal Gas Behaviour)

ÇuVÆ§i¿ÃVàuVÆ§i¿ÐZāZsÃŒäÆn‚½ZVzhgzZwäµ4h4ø
Y

GGÆ’ÅÃtÆ

GzŸ]~ðh}ÑZ_Ã¢zg~ŒXzhgzZwÆ_.’ÅÃt~ŠzGzŸ]‰qÑ]~**‡.ÞJw÷ZzgZyÅ
${-

÷
G

Gƒ**
¢zg~ŒŠHXªtŠ¬ŠHìāÇ

µ4h4ø
Y

GG6,ÓxqÑ]~!*LçóegÖçZzgZ-Çegz»ç»åîg6,Z:t7ƒ@*XZ¤/ëwÅ
ÃtÆGzŸ]6,Zq-!*g̈gÐQÃeZBÂ…¥xƒÇāwÅÃtÆŠzGzŸ]97÷z{ŠzGzŸ]t÷X

’Æ‚>VÆŠgxyÃð̧]æ7ìXZzg (1)

’Æ‚>V»wZyÆfg==Í}‰wÆ£«~‡.ÞÃZ0+ZiìX‰qÑ]Æ�tGzŸ]ÃZ0+Zi7 (2)
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òYMhX

9ìÂ’LÌâù~ps7ƒÏuV»âO]~psƒ**Zk!*]»o]ìā} (1) Z¤/Zz6,Òy”{Gz£

�ÛZë™CìXtæ (Cohesive Forces) ‚Ó]Zq-Šzu}Ðæ™D÷Zzg‚Ó]ÆŠgxyñ�ŠæóZ£à̧]

’~Ìñ�ŠƒCìtŠz’ÅÃtÆGzŸ]Ç’ÆnZ%sgnp÷ZzgÇuVÅ»$Ò3ïGGÐZāZs»!*)̄Zzgzz

~p~ÑðYñX@*āZkÃÇ PV=RT ‘Wg÷X¾nZknt¢zg~ƒY@*ìāZyŠzúZïÃæÃgnpƒñ»ï’)zZ]

uVÆ§i¿ÃŒä~çzy¯c*YñX

(Derivation of Vanderwaal Equation) zhgzZwÅ)zZ]Z~.™** 15.5

âY~ÅìZk!hÏî0 1837Ò zhgzZw**òZk‚0ZVäZk‚~ÅYäzZàZÃ@V~ƒÐ‚Š{Zzg&Ã

ÃŒäZzgi™äÆnzhgzZwäŠzGzŸ]ÅoÅT~Zq-ìZ0+gzãŠ!*îÅoZzgŠzu~ì’ÆZÝwÅoX

Z0+zgãŠ!*îÆno: (1) 15.5.1

’ÆZ0+zgã§~ñ�Šìt A �Ûn™zāZq-',@1YñZzgZk~’àYñtÌ�ÛnHYñā’»Zq-‚?

6,æ¿™CZq-Šzu}Ð A Z§ZsÐÓxgpV6,Šzu}‚Ó]Ð7Vîg6,yZƒ@*ìXZkn�¼ÌZk‚? A ‚?

~Cc*ŠHìXZn',ÜsZ¤/‚?',@ÅŠ-ZgÆŒÛd$ 15.3 6,ÃðqÝ̧]¿7™CX6ā̂ A gŠƒYCìZzgíZk‚?

ÐZ¤/ªCÙHŠHÂŠzu}‚Ó]Ð7Vîg6,yƒZ7ìX7Ã B
(Að FX!ìÂqª~̧òp~zZµƒCì‚?óZ[óZj
‚?ÆZ§ZsÜsÐV4V~‚Ó]0*ñYD÷ZkÆ³~’Æ‚Ó]ÅZ0+gzãY+$Æ‚Ó]ÅæÅzz

ÐZ0+gzãY+$rÅæic*Š{„gBbìXŠvZÖp~‚?Z#',@ÅŠ-ZgÐ”ZäÆŒÛd$ƒ@*ìXTÐŠ!*îaZƒ@*
»ïŠ!*îªz{Š!*î²‚?6, P ]Š!*î»bz~zƒÇZzg‚?ÃZ0+gzã‚ã

²
Ÿ-B/õ GF

E”÷ZkÆË~Zk»Š!*îZÝŠ!*î ì�
ìX >VÅæÅzzÐw•:ƒóÐÁƒY@*ìXZknZyæÅ¤!VÃÅpgnpƒñ9lZg»¬gs¢zg~ƒY@* Šzu}‚

Zk’ÆZ0+gzãz~ (i) ',@ÅŠ-ZgzVÐ”ZäÆŒÛd$‚?6,ÅæÅ̧]gZ„pÐƒƒCìŠzqzV6,

',@ÅŠ-ZgzVÐ”ZäzZá‚Ó]Å®ZŠÌZkZ°ZŠÐpÐƒƒCìXª-V¹ (ii) ñ�Š‚Ó]Å®ZŠ°Z»ðwÆZzg

’Å d »Š!*î~oìZzg P' ŒV6, YYìāŠ!*î»o¬ï’ÅÑÄÆ_.g6,!*Z°Z„pÐƒƒCìª
ÑÄX

ÆpÐƒƒÏXZ¤/�Ûn™,ā’»w �Ûn™,Â”ZäÆŒÛd$‚Ó]6,Å]æ n Z¤/ëZk°ŠÃ

ÆZz6,Òy”{qzVÃ̂!îg6,ZSbªCÙHYYìX ÆZzgæÅ̧]pÐƒƒÏ V wkpÐƒƒÇ 'n'ìV
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Zq-xì;zhgzZwx 'a' ŒV6, c* ª 1…¥xì

ñÖ’àYñÂ n o™Š{Š!*îÅ7¾nZq-ñw’ÆnŠ!*î~oZzg6,Æ)zZ]ÐªCÙ™D÷ZzgZ¤/ P' ë÷Zzg

ñÖÃªCÙ™@*ì¾nVà n ’Æ n ŒV c* c* Š!*î~o»¬ïƒÇ

’Æ£«~Ç’»eZÑŠHŠ!*îÁƒ@*ìZzgZmo»Ÿ‚ƒÇX

(15.7) ..... ñÖ’Æn: n

(15.8) ..... ñw’Æn: 1

Ideal Pressure )o™Š{7(+)x@ZC7(=

Ideal Pressure = P + P'  .....(15.9)

’ÆZÝ
9Aê
EÆno: 15.5.2

uV»Và§i¿ÐZāZsÅzzZq-tCðˆìāwÅÃt»tGz£ā’Æ‚>V»
9Aê
E

ZyÆfg==Í}‰
9Aê
E

Æ£«~‡.ÞÃZ0+Ziƒ@*ìXtA$„eìā²’»Š!*îÁƒZzgŠc*ŠgzwZg]ic*Š{ƒXÓxqÑ]~tGz£97

ìXzhgzZwäZkntCc*āZ#’»Š!*îic*Š{ƒZzgŠgzwZg]ÁƒÂuVÆ‚ãZq-Šzu}Æ¹4,Šq-ƒYD
ÁÃ&Cƒ (Lines of Repulsive  Forces) ÌZëƒYC÷Xèo̧]ŠZ« (Repulsive Forces) ÷XŠZw¸'

XŠZw¸'‚>VÃgLp**‡.ÞŠpw ½½½½""""5555éééé EEEEGGGGSSSSZZZZqqqq----ŠŠŠŠzzzzuuuu}}}}ÅÅÅÅŒŒŒŒÛÛÛÛ""""$$$$~~~~ƒƒƒƒVVVV YD÷ZzgtZkz‰ÜZëƒYD÷Z#‚ã

Å§b¿™äÅzzk�÷X‚>VÆfg==ÍZŠHwÌZë (Impenetrable and incompressible forces ) °æOzV

~e¶1Z[²ic*Š{ V ŒYñÂ‚>VÅw•ÁŠ!*îZzgic*Š{Š6,7g}
9Aê
E

V ƒY@*ìXT',@~’àˆìZe
9Aê
E

9Aê
E

~özŠƒ (V-b) ~™äÅOñ V w•w  ŒYñÂZzg‚>VÅ b Š!*îZzgÁŠqÑ]6,ZÝ’Æ‚>V»
9Aê
E

Z¤/

¹Y@*ì (Co-Volume) Zq-xìXZzgZkÃÑq-
9Aê
E

b pŠ‚>VÆfg==ÍZŠH½ã]
9Aê
EìXZzgŒV6, b Y5ŒV6,

Ì¹Y@*ìX (Excluded Volume) c*ZkÃ{g`”{w

(Fig. 15.4) 15.4 ^
c*{g`”{w( Excluded volume c*(co volume) Ñq-w = b ',@»wÔ = V)

221



ÅÅÅÅ7777qqqqggggzzzzffffssss§§§§iiiiÐÐÐÐCCCC[[[[HHHHYYYY@@@@****ììììXXXX Excluded Volume °°°°‚‚‚‚ããããÆÆÆÆnnnn

Excluded volume per molecule 

){g`”{w°‚?(

(4 times the actual volume of the gas molecule) kH4 ’‚?ÆÇwÐ

ƒ@*ìX 2r = σσσσ ‚?»Û¢Zzg r ‚?»¢ìZzg = σσσσ ŒV6,

{g`”{w’Æ°ñwc*Å  

(Excluded volume per mole of the gas)

(Van der Waal Equation of State) zhgzZw)zZ‹qª 15.5.3

Zk§bo™Š{zhgzZwÅ)zZ‹qª�ÇuVÆnìnŠc*ŠHìXZq-ñw’Ænt)zZ]ƒÇ

ñÖ’ÆnZk)zZ]ÃZSb–Y@*ì: n Zzg

x÷ÎzhgzZw!h4¨Õä
GG

]ë÷ZzgZyÅ7’ÅS¤6, 'b' Zzg 'a' ’ÆÅÅ®ZŠªCÙ™@*ì n Zk)zZ]~

«ƒCìX

 (Van der waals Constants and Their Units) zhgzZwÆxZzgZyÅZ»×V 15.5.4

Zq-ñw’ÆnzhgzZw)zZ]qªƒ@*ìX

ñÖ’ÆnzhgzZw)zZ]qªZSb–Y@*ìX n Zzg

’ÆñÖÅ®ZŠìZyÆ´z{ n ŠÇƒ@*ì T ’xìZzg R ’»wì V Š!*îì P Zk)zZ]~

Å7’ÆZ0+gÎ‚ÓC¸] 'a' �÷Z7zhgzZw!h4¨Õä
GG

]ë÷XZzgZyÅ7’ÅS¤6,«ƒCìX 'b' Zzg 'a'

Å7’Æ‚Ó]Æ
9Aê
EÐÝìXZylZgzVÃ 'b' æÅeö6,ƒCìZzgtŠgzwZg]ZzgŠ!*î6,«7ƒCX²

Åª {™{ƒZð ÅZ»ðƒÏ 'a' Z§hVÐqÝHYYìXZ¤/Š!*î™{ƒZð~Zzg
9Aê
E

{~ƒÂ

6ā¬Cc*ŠHìÔ c*{°Å ª{Å   ÅZ»ðƒÏ 'b' Zzg
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c* c* ª ªZ»×VƒÏ  ª

Z(ÌªCÙHYYìX
wÆ',Z',ƒCìZknZkÅZ»ðƒCìX  (Incompressible) Zq-ñw’Æ**‡.ÞŠ!*î b aè

ÅlZg,åîg6,x7ƒC 'b' Zzg 'a' ƒCìXÇîg6,E+™{HYñÂ ª{°Åc*

gÁ 'b' Zzg 'a' ÷tŠÆ‚BoƒC÷ZÏzzÐzhgzZwÅ)zZ]»Z:tözŠƒY@*ìXpQÌ»ï§i¿Å
${-

÷
G

GÆn

Å†VÃ½ãx1Y@*ìX

Å©qgzfs].zw~Š~ˆ÷X 'b' Zzg 'a' PuVÆn :].zw: 15.5.5

’’’’ ŸŸŸŸ����

0.0371 4.17 Zñ* .1

0.0322 1.35 WgÇy .2

0.0427 3.59 »g0eZðW‚à .3

0.0399 1.49 »g0ñâW‚à .4

0.0562 6.49 ³g+ .5

0.0638 5.49 (Ethane) Z
#-
£4è

GG
GE .6

0.0571 4.47 (Ethylene) Z
#-
Ÿ5Ó4è

GG
GGE .7

0.0237 0.034 (Helium)
45Í-ê
XGG .8

0.0266 0.024 ;àgzX .9

0.0408 3.67 ;àgzX³gZà .10

0.0443 4.45 ;àgzX',zâà .11

0.0428 2.25 (Methane)
$4-

£4è GGGE .12

0.0171 0.21 (Neon) &45é EGGy .13

0.0279 1.34 **>uW‚à .14

0.0319 1.39 **>zX .15

0.0318 1.36 Wx .16

0.0564 6.71 ÷eZðW‚à .17

0.0305 5.46 0*ã .18
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zhgzZw)zZ]Åñiz“M 15.6

Z¤/pÆzhgzZwÅ)zZ]ÇuVÆ§i¿Ãåîg6,7ŒC1QÌtZq-F,¹c*CÃÒìXZ[ëÇuV

ÆZāZsÃ»ïuVÆ§i¿ÐZqÑ]Š!*îóŠz){Æ�zhgzZw)zZ]ÆZ:tÆ!*g}~c™8ZzgZm
ñiz+M6,gzÝeZ÷X

ZŠÌc*ÁŠ!*îÆ�: 15.6.1

Å7¹„ÁƒÏZzg b ic*Š{ƒYñÇZzgZn£«~ (V) Z#’»Š!*î¹ic*Š{:ƒªÁƒc*ZŠÌƒÂ’»w

Æ£«~ÃZ0+ZiHYñÂ V lZgÃ 'b' ƒÏZ¤/zhgzZw)zZ]~ ÃZ0+ZiHYYìª b Zkqª~

)zZ]ÅfZSbƒÏÔ

t)zZ]ƒÇX

 c*

        ª     

Å7ÁƒÏÔ V Æ',Z',ÁƒCìXZ¤/Š!*î(,Jc*YñÂ  Æ£¨ RT Å7 PV ¾nÁŠ!*îÆ�

‰uVÆë Zzg CO Å7nYCìXtcÐZkqÅ=ôƒCìā PV Å7ic*Š{ƒÏZzg³tƒ@*ìā

¤/ZsÅ̂~ZyÅ
!-B-ö
EG

ÆqîÅ=ô™CìX PV-P�(isotherm)Š

¹ic*Š{c*ZdŠ!*îÆ�: 15.6.2

¹„ V aè¹ic*Š{Zzg P Å7ÃëÃZ0+Zi7™MhX1 b Z#’»Š!*îZdc*¹ic*Š{ƒÂZew¹„ÁƒY¨

ZSbìX (15.12) Æ£«~)zZ] P Å7¹ÁƒY5Zzg‡.ÞÃZ0+ZiƒÏ Æ£¨~ P Áƒ

ÃÃZ0+ZiHYñÂqÝƒÇ Æ£« P~(1) Z¤/)zZ]

c* ª

Æ',Z',ic*Š{ìXZzgZm7~Š!*î Pb Æ£« RT Å7 PV ÐªCÙƒ@*ìā¹ic*Š{Š!*î6, (15.15) )zZ]

Å=ô™@*ì�‚? b ÅÈÆÝÆ�̂ÛZigÁ PV Æ{ā~�¬Cc*ŠHìªCÙ™@*ìā PV-P Æ‚BZŸ†ƒ@*ìX
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Å7Z#7g}Ý~WYCìÂQZnˆŠ!*îÆZŸ†Æ‚B(,fì6 PV ÆwÅzzÐƒ@*ìªt¥xƒ@*ìā
{ā~Cc*Y[ìX (PV-P)ā

¹„Ác*Z•ðÁŠ!*îÆ�: 15.6.3

Å7¹ V ÃÃZ0+ZiHYYìÂaè b Æ£«~ V ¹ic*Š{ƒÇ)zZ]~ V Z#Š!*îZ•ðÁƒÇÂZk»w

~ÃZ0+ZiGYD (15.12) )zZ]  Zzg b Å7¹„c*Z•ðÁƒðZzg‡.ÞÃZ0+ZiƒÏXZ# ic*Š{Â

�ā»ï’)zZ]ìXZk§bÐ¹ÁŠ!*î6,µ4h4ø
Y

GG»ï’Æç PV=RT ƒYñÇ (15.12) ÷ÂZyqÑ]~)zZ]

Æ@*,ƒYD÷XZm=ôZk§bÅYCìāZ•ðÁŠ!*î6,w¹ic*Š{ƒY@*ìZzg’Æ]wÆ£«~‚Ó]»ZÝ

w‡.ÞÃZ0+ZiƒY@*ìZkÆ´z{‚Ó]ZâŠzg~ƒD÷āiîg6,ZyÆŠgxyÃðæ7ƒCX

¹ic*Š{ŠÆ�: 15.6.4

Å7‡.ÞÃ Z¤/’ÆŠñ‰ƒñŠ!*î6,Š¹ic*Š{ìÂZk’»wÌ¹ic*Š{ƒY¨,zzÐ

Å7Ì¹„ÁZzg‡.ÞÃZ0+ZiƒÏZ,qÑ]~zhgzZw)zZ]psƒ b wÆ£«~ V Z0+ZiƒÏZzgZ4qÑ]~

ŠzâV b Zzg ~XZknā PV=RT )zZ]$+wY¨   Y¨»ï’)zZ]~ª

~ÌÃZ0+ZiG‰÷¹ic*Š{ŠÅqª~XZkcÐU*"$ƒ@*ìāuV»ZāZs¹„ÁƒY¨ic*Š{ŠzZàqª

~Zzg’»§i¿»ï’6ƒÇX

;àgzXZzg
45Í-ê
XGG»Z]4k5é

GIEð§i¿: 15.6.5

aè;àgzXZzg
45Í-ê
XGGuVÅ?S¹ÁƒCìZknZyu~~ZyÆ‚>VÆŠgxy̧]æ¹„Á

¬x]qª6,‡.ÞÃZ0+Ziƒ@*ìZknzhgzZw)zZ]ƒ »
${-Aö
G

GgÁ (attracting factor) ƒCìª±mgö
II

¬ï

~ÚZŸ†ƒ@* PV ZkntŠzâVuVÆçA~Š!*îÆZŸ†Æ‚B PV = RT + Pb c*P(V-b) = RT Y¨X

~Cc*ŠHì¾ntāÇ
µ4h4ø
Y

GGÆnzhgzZw)zZ]−j=ô7™@*ìX PV-P ìŠÅ¬xqª6,6ā{ā

(Boyle Temperature) !*LŠc*ŠgzwZg] 15.6.6

z{ŠgzwZg]T6,Zq-Ç’!*LÆçÆ@*,ƒCìc*Znq™CìZkŠgzwZg]Ã!*LŠgzwZg]ë
. !*LŠgzwZg]Ã̂!c*gc*èîg6,Zk§b–Y@*ì (Temp at which a real gas obeys Boyls' Law)÷

Ã!*LŠc*ŠgzwZg]ë÷X ’xìZzg R zhgzZw!i¨Õä
G

]÷ b Zzg a ˜V

(Others Equations of State) Švqr)zZ] 15.7

Zzg a ÇuVÆnzhgzZw)zZ]»°$hÐö
GOj=ô7™CìXplZg~îg6,**åìZmZq-zztìāg0

åîg6,x7ƒDÉŠÆ‚BpsƒD÷ZÏnzhgzZwÅ)zZ]ÅZ&bÆnFÃlÅˆ÷Zzg½ã b 

225



)zZ'7Åˆ÷pÃðÌ)zZ]zhgzZwÅ)zZ]Å§b‚Š{7ìX‰)zZ]FZJyxÆ‚BZ•ð 100

ë{÷ZyqÑ]Æ�zhgzZwÅ)zZ]ÃÇuVÆ§i¿ÃŒäÆn$hÐö
GOjâ**YYìZzgtÇuVÆ§i¿

ÆS:]ÃŒäÆnñizV÷X
FŠvqr)zZ]�7K‰÷Zy~Ð¹„Zëqgzfs~Šg`K‰÷X

(Berthelots Equation) ',Á^)zZ] 15.7.1

ÇuVÆ§i¿ÃŒäÆn',Á^**ò‚0Zyäqgzfs)zZ]Ã7H;V',Á^)zZ]ë÷X

Šgz T Š!*îìó P t)zZ]FuVÆn$hÐö
GOjì1ÓxuVÆnt)zZ]„j}ò7qÝ™@*ìZk)zZ]~

’x÷X R zhgzZw!i¨Õä
G

]Zzg b Zzg a wó  V wZg]Ô

(Dieterici Equation) eZ¶Ï)zZ] 15.7.2

eZ¶Ï**ò‚0ZVÆqgzfsqr)zZ]7HìÔ

bóaŠó T
9Aê
E

ó V Š!*îó P Cc*Y@*ìāt)zZ]ic*Š{Š!*îÅqª~„j}òŠêìXzhgzZwÅ)zZ]Æ£«~ŒV6,

Ñ¤/Zí)ŠgC(»Z‚kìX e ’xZzg R zhgzZwxó

(Claussius Equation)
]̄4ø
IG)zZ]  15.7.3

]̄4ø
IG**ò‚½ZyäzhgzZwÆ)zZ]ÅF,ç™Dƒñqgzfs)zZ]Ã7Hì�ŠÆ‚BzhgzZw

Åp~c*pÃŒ@*ìX ax

Zq-*xìX C t)zZ]ÌFuVÆn„jËŠêì1ÓxuVÆnt)zZ]»°7ìXŒV6,

(Virial Equation) zZJs)zZ] 15.7.4 

**ò‚½ZâVä7HZÏnZk)zZ]Ã²,çO#XQz÷ (Kammerling Onnes) zZJs)zZ]Ã²,çO#XZz÷

)zZ]Ìë÷XZk)zZ]Ãqgzfs§iÐªCÙHY@*ì

ë÷X Coefficients z){ÃZzwóŠzxóÎxóXgxúZïc* D ÔC ÔB ÔA ŒV6,
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(Learning Outcomes) Zõ!}ò 15.8

ZkZ»ð~ëqgzfsqzVÆ!*g}~_·™`÷X
ÇuV»§i¿ÐZāZsX X1

»ï’Æ§i¿ÐZāZsÆz�;]ZzgzhgzZwÅ)zZ]X X2

»ïuVÅ)zZ]Åp~ózhgzZwÅ)zZ]Æîg6,tT~Š!*îZzgwÆnolZg,àIX X3

zhgzZw)zZ]Åñiz:X X4

;àgzXZzg
45Í-ê
XGG»Z]4k5é

GIEð§i¿X X5

Š!*îÆ‚BZuVÆnóî¬ï~pX X6

ZzgZyÅZ»×VX 'b' Zzg 'a' zhgzZwÆx X7

Švqr)zZ]‰ā',Á^)zZ]óeZ¶k)zZ]ó]̄4ø
IG)zZ]ózZJL)zZ]z){X X8

(Keywords) ã~ZÖp 15.9

:’»Š!*îic*Š{ZzgŠÁƒÂ»ïuVÆ§¿̄~ZāZsƒ@*ìX »ïuVÆ§i¿ÐZāZs .1

ƒCìX 1 ÐªCÙHY@*ìZzg»ïuVÆaZkÅ7 :ZkÃ óî¬ï .2

:ic*Š{Š!*îZzgÁŠ6,’ÆZÝwZzgZ0+gzã‚@æÃÃZ0+Zi7HYYX ZāZsÆz�;] .3

1Y@*ìX (V-b) ÅOñ V :zhgzZwäwÅo™ÆÇ’»w wÅo .4

1Y@*ìX ÅOñ P :Š!*îÅo~Z0+gzã‚@æÆŠ!*îÃ Š!*î~o .5

:z{ŠT6,Zq-Ç’!*LÆçÆ@*,ƒCìX !*LŠc*ŠgzwZg] .6

(Model Examination Questions) %:ZJãÎZÑ] 15.10

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

»ïuVÆaóî¬ïÅŠgƒCìX X1
(infinity) ÑpÐ„ (d) 2 (c) 1 (b) 0 (a)

ƒÐic*Š{ŠT6,Zq-—âùÅqª~g{$ËìX X2

wkŠ (d) »ïŠ (c) !*LŠ (b) »ïŠ (a)

óî¬ïÃªCÙ™äÆa)zZ]ƒ@*ìX X3

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

z{ŠgzwZg]T6,Zq-Ç’!*LÆçÆ@*,ƒCìóZkÃë÷X X4

!*LŠ (d) �wXå\Š (c) »ïŠ (b) wkŠ (a)
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»ÃgñÑƒ@*ìX !*LŠ X5

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

ñÖ’ÆazhgzZw)zZ]ƒÇX n X6

(b) (a)

(d) (c)

¹ic*Š{ZdŠ!*îÆ�zhgzZw»)zZ]ƒÇX X7

PV - RT = Pb (b) PV = RT + Pb (a)

tÓx)zZ] (d) PV - Pb = RT (c)

ÅZ»ðƒCìX 'b' zhgzZwx X8

ÃðÌ7 (d) ŠzâV (c) ñw°{ (b) {°ñw (a)

z{’�}à]Æåîg6,@*,7ƒCóZkÃë÷X X9

tÓx (d) Ç’ (c) »ï’ (b) Và’ (a)

Švqr)zZ]qgzfs~ÐÃy‚ì? X10

eZ¶Ï)zZ] (b) ',Á^)zZ] (a)

tÓx)zZ] (d)
]̄4ø
IG)zZ] (c)

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

»ïuVÆ§¿̄ÐZāZsÆ0¿É
À
Ÿ/õGX X1

zhgzZwä’Æw~�oHìÔ¿Òy™zX X2

ÅZ»ÇVÃ¾§bŒc*Y@*ì? 'b' Zzg 'a' zhgzZwÆ!h4¨Õä
GG

] X3

;àgzXZzg
45Í-ê
XGGuV»Z]ð§¿̄¿�X X4

uVÆóî¬ïÆ!*g}~¿É
À
Ÿ/õGX X5

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

ÇuVÆazhgzZw)zZ]Z~.ÙX X1

zhgzZw)zZ]Åñiz+MZqÑ]Å�¾§bŒîÐÔ,ÐÉÀŸ/õGX X2

»ïuVÆ§¿̄ÐZāZsZzgZyÆz�;]ÉÀŸ/õGX X3

Švqr)zZ]ÆmÐÉÀŸ/õGX X4
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(Suggested Books for Further Readings) '×h+_¬Æa?m,™Š{ÂÁ 15.11

1. Essentials of Physical Chemistry By Arun Bahl, B.S bahl

2. Principle of Physical Chemistry by S.H Marun and C.F. Pruton

3. Principle of Physical Chemistry by B.R. Puri, L.R. Sharma, M.S Pathania

4.  Text Book of  Physical Chemistry by P.L Soni and Dharmahara

5. Elements of Physical Chemistry by S. Glasstone and Dand Lewis
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:Ãå1Z]:ZhgzkÆ»g0eZðW‚à’6,Š!*] 16 Z»ð
(Critical Phenomenon : Andrews Experiments on Carbon Dioxide)

Z»ðÆZbZ
ā 16.0

£œ 16.1

Ãå1Z]XZhgzkÆ»g0eZðW‚à’6,Š!*] 16.2

].zw:PZâYÆÃåx 16.2.1

Ãå!h4¨Õä
GG

] 16.3

ÃåŠc*Šg<î E0wZg] 16.3.1

ÃåŠ!*î 16.3.2

Ãåw 16.3.3

qÑ]»Ÿ 16.4

zhgzZwÆxZzgÃåxÆŠgxyģZ~.™**X 16.5

óîc*iZî¬ï 16.5.1

ÃåqÑ]~ 16.5.2

ÚøqpVÆç 16.6

Zõ!}ò 16.7

ã~ZÖp 16.8

%:ZJãÎZÑ] 16.9

'×h+_¬Æn?m,™Š{ÂÁ 16.10
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ā 16.0

ZkZ»ð~ZhgzkÆ»g0eZðW‚à’6,Š!*]»f™ìZhgzkä�ZëŠF,®»g0eZðW‚à

’ÆnwZzgŠ!*îÆŠgxyQ÷ZjZq-{āÅ̂~Cc*ŠHìZzgZyF,§VÐ…¥xƒ@*ìZq-Z+Š
ì;ÃÝŠ¹Y@*ìZÏŠÐic*Š{Š6,’Ãâù~ps qÝƒC6ā»g0eZðW‚àÆn

7HYYeìAÌic*Š{Š!*îZEw™,X’»z{Š!*î�ÃÝŠ6,ƒÇZzg’Ãâù~ps™äÆnŠg»gƒÇ

ZÐÃÝŠ!*îë÷Zq-ñw’»w�ÃÝŠZzgÃÝŠ!*î6,ƒÇZÐÃÝwë÷XZhgzkÆtëŠF,§V

Æfg=…’qªÆŸ»Dƒ@*ìÃÝŠóÃÝŠ!*îZzgÃÝwÃÃÝ!h4¨Õä
GG

]ë÷zhgzZwÆ)zZ]Ã

ZEw™DƒñzhgzZwÆ$45Õä
GG]ZzgÃÝ!h4¨Õä

GG
]ÆŠgxyˆ!ģZ~.HY@*ì!*syZ7ˆ!)zZ]ÃZEw

™DƒñZq-ôzhgzZw)zZ]Z~.HY@*ì;pÐøqpV»çÌ¹Y@*ìX

£œ 16.1

ÃÝ0Z]ÅZ»ðÃ6,"ZzgKÆ¥̂Zk‡.ÞƒYîā:

ZhgzkÆ»g0eZðW‚à’6,Š/Ð�ëŠF,j]qÝƒñ÷ZyÅZÌ»DƒÇX (i)

ÃÝŠHìZm°pƒÏZzgZkÅãCŠ6,ÃÝwZzgÃÝŠ!*îÆ0¥xƒÇX (ii)

zhgzZw)zZ]~�zhgzZwx÷ZyÆZzgÃÝ!h4¨Õä
GG

]ÆŠgxy�ģƒ@*ìz{̂!§iÐZ~.H (iii)

Y@*ìZkÅZh§bTyƒÏX

Wy»gzhgzZw»ô)zZ]Zz6,qÝ”{)zZ]ÆZEwÐZ~.™8ZzgZÏÃpÐøqpV»çë÷Zzg (iv)

ZkçÆfg=’ÆpÐøqpVÃU*"$HY@*ìX
ÃÝqª~uV»iZîc*óî¿»f™ƒÇX (v)

¾ntÓxZz6,f™”{qzV»¥ÃZY‚DqÝƒÇX

Ãå1Z]XZhgzkÆ»g0eZðW‚à6,Š!*] 16.2

(Critical Phenomenons : Andrews Experiments on Carbon Dioxide)

Ë—ÆŠ!*îó
9Aê
E

ŠgzwZg]mÐ0åZ°ZŠzÑg’ZzgâùqªÆnâùqª~ƒÐ¬å\

âY~»g0eZðW‚àÆnqÝG¸XZk§bÐZhgzkäZL�gŠ!*]»g0eZðW‚àÆ 1889 Zhgzä
ÅâO]~p~ÆnŠg»gqÑ]ÅŠgc*Ä (Permanent Gases) ÆģÆfg=xBñYäzZàuV P-V-T

K6āqgzfs (plot) F,® (Isotherms) ÅXZkäZŠgzwZg]6,»g0eZðW‚àÆëŠèoc*èo)z~wZg]

~ec*ŠHìˆ~t0*c*ŠHāÇ
µ4h4ø
Y

GG!*ÇZÏ§b»§i¿™C÷6ā»g0eZðW‚à»X 16.1^
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(Fig. 16.1) 16.1 ^

6,»g0eZðW‚àåîg6,’ìŠ!*îÆZŸ†Æ³~w~¶zZµƒCìT Z’Z~ZEwÅ̂Š
6,’âù~psƒä@ìZzgw~!~ Q 8~î OÐªCÙHŠHìtzZª!*LÆçÆ_.ìp PQ ÆIsothermsÃ

6,âù~p~»¿åƒ@*ìZzg R Ð¶zZµƒä@ìZzgic*Š{Ðic*Š{’ZdÑÄÆ‚B!*ù~psƒä@ìX$©�î EG
0

ÃªCÙ™@*ìāâùðhZc*¹**‡.Þ6Cë XFìZknŠ!*î~ZŸ†™ä6,w~Ë§bÅp~zZµ RS (Curve) t9~Èâ
ÆQR ÜsâùÃp RS 8~î OÜs’Ã7™@*ì8~î O PQ ~ZëNtìāt&8{ð OV6,Œƒ@*ì Isotherm 7ƒCX

Zq-u}ÐŠzu}u}J-âùZzg’‚B‚B¬Šw~0*ñYD÷ZknŠ!*îxƒ@*ìtŠ!*îºmŠ6,âù»gg~
6,âùÐ’ÅÚÃ 'O' J-qÑ]~p~ÑðYñÂâù~ZŸ†ƒ@*ìZ#ā’nìF,®~ËÌ` RÐQ Š!*îì

ÆxËì�ÛtZÚìāâù~ps 6,èo)z~wZg] ÆŠgxyÚÐ7™Mh÷X OQ Zzg OR

»t8~î O'×h+�Ö4ìZzg Isotherm ÃªCÙƒ@*ìŠ~ZzgZŸ†Æ‚B ABCD ~t  16.1 ƒäzZÑZ|8~î OÁƒ@*ìX̂
!*LÆç Isotherm ƒ@*„7ªŒV6,âO]~p~7ƒCX|~t (Horizontal Plant) 6,Z|8~î O

Ðic*Š{Š6,ËÌßg]~»g0eZðW‚àâù~ps7ƒC ät¥xHā Andrews Æ_.ì¾n
°æO{ƒZðŠ!*î»°ìX 75 c*ZkÐÁŠ6,âù~p~Æn eìHÌic*Š{Š!*îƒXZkÆ',Üs

»g0eZðZ‚à» cðŠ!*îc*°æO{ƒZðŠ!*î6,«%ûâù»g0eZðW‚àÃWCìŠgzwZg] 75 ¾n

B@*ìtz{ic*Š{Ðic*Š{ŠgzwZg]T6,âù»g0eZðW‚àqÝƒ@*ìZk (Critical Temperature) ÃåŠgzwZg]
ZzgZkŠgz (Critical Volume) ŠgzwZg]ÐZz6,t’}qª~ƒCìÃåŠgzwZg]6,Ë’ÆZq-Å»wÃåw
ÃÃåx ZzgÃåw ÃåŠ!*î B@*ìÃåŠgzwZg] (Critical Press - Pc) wZg]6,Š!*îÃåŠ!*î

ë÷X

uV 0eZðW‚àÅ§b¿™C÷ªCÙ’ÅZq-ºmŠƒCìTÐiZZ+Š6, ˆ~t¥xHŠHāÓx’»g
ÅâO]~p~e7ƒCìeìH„ic*Š{Š!*îƒXZkŠ»Z®guVÅâÎ6,ƒ@*ì¾nZ[t¥xc*zZãƒŠHìā
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YVxBñYäzZà’¬âù~ps7ÅIZâ®)ÆŠzgZyŠ!*îÆZŸ†Ð¬ZyÃ»°uJ-uŠ7HŠHåX
PZâYÆÃåxqgzfs].zwŠØ‰÷X

( Critical Constants of Some Substances) PPPPZZZZââââYYYYÆÆÆÆÃÃÃÃååååxxxx

ÃÃÃÃååååwwww

)))){{{{°°°°ññññwwww~~~~((((

ÃÃÃÃååååŠŠŠŠ!!!!****îîîî

~~~~((((°°°°ææææOOOOÒÒÒÒƒƒƒƒZZZZðððð~~~~ atms))))

ÃÃÃÃååååŠŠŠŠ

))))úúúú++++ZZZZ»»»»ðððð~~~~((((

ZZZZââââYYYY
(Substances)

0.068 12.8 33.2 ;àgzX

0.058 2.29 5.3
45Í-ê
XGG

0.090 33.5 126.0 **>zX

0.074 49.7 154.3 Wx

0.096 73.9 304.5 »g0eZðW‚à

0.089 81.5 324.5 ;àgzX³gZà

0.072 112.3 405.5 Zñ*

0.124 76.1 416.1 ³g+

0.125 77.6 430.3 ÷eZðW‚à

0.045 220.6 647.3 0*ã
Zz6,].zw~Šñ‰ñZŠÐtzZãƒY@*ìāxBäzZàµ4h4ø

Y
GG‰;àgzXó**¶zXóWx#{ÅŠ6,Š!*î

ÐÁìXë0*ãÃÜsâùÆîg6,fe÷p 300K ~ZŸ†Æ!*z�ŠYVâù~ps7ƒD÷ZyÓx»ÃåŠ
ÐiZZ+Š6,âùßg]~!*¹7gLeìH„Š!*îYV:eZÑYñX ª647.3K

(Critical Constants) Ãå!h4¨Õä
GG

] 16.3

(Cr i t ic a l ZzgÃåw (Critical pressure) ÃåŠ!*î (Critical Temperature) ÃåŠc*ŠgzwZg]
ë÷XZyÅ°pfs~ÒyÅˆìX (Critical constants) ZyÐVÃ5™Ãå!h4¨Õä

GG
] volume)

(Critical Temperature) Tc ÃåŠc*ŠgzwZg] 16.3.1

z{ZWF,+ŠT6,Ë’Åâù~p~ÅY$ËìZzgTÐiZZ+Š6,âùqª~70*ðY$ËZjÃåŠ
ë÷X

(Critical Pressure) Pc ÃåŠ!*î 16.3.2

ÃåŠ6,’Åâù~p~ÆnŠg»gŠ!*îÃÃåŠ!*îë÷X

233



 (Critical Volume) Vc Ãåw 16.3.3

Critical ÃåŠZzgÃåŠ!*îÆ�Zq-Åc*ñw—»wÃåwB@*ìÃåâëwZg]c*ëŠÃ
~Cc*ŠHìā»g0eZðW‚à»ÃåâëwZg]Ð!*ë  Fig.16.3 ë÷Zzg6āZhgzkÆŠ"Æ{ā isotherms

 ƒCìXZk$©�î EG
0wZg]6,’ÃÃåqª ’Æn ÐªCÙHŠHìT~ÃåŠ EFGŠ

~ñ�Šì¹Y@*ìŠÐÝŠ!*îZzgwÅ©Ãå÷ÃåŠÐÁŠ6,0*ñYäzZà’c*}— (critical state)

™Mh÷X (Condense) Š!*zÆZŸ†Æfg=âù~0  ggZ]BCìggZ]ÂÜs

(Continuity of State) qÑ]»Ÿ 16.4

¬xîg6,âùqªÐggZ]~!*CÙ@p~ËuJ-ÜxƒCìtŠzq—W‚ãÐZq-Šzu}Ð»°uJ-ZqÐi
ÆëŠ

!-B-ö
EG

ÐtªCÙƒ@*ìpZ#Š~ZŸ†HY@*ìZzgtÃåŠ ~16.3 gnp÷VwÆîg6,6ā̂

Å7ÆŒÛd$î@ìÂâùZzg§”{ggZ]ÅÑ©ŒÛd$ƒä@÷ZzgÃå`6,t!*Ç)z~ƒYC÷Šzu}ZÖp

~Ãå$©�î EG
06,âùZzg’ÅÃð̧&7ƒCXt|Zkx@{Æ_.ìāÃå$©�î EG

06,âùZzg’ÆuzŠ~�Ût»ƒY@*

ìZkntÈMh÷āâùÐggZ]~’góp~zZµƒCìaèÃåŠÐðhZiZZ+c*Á6,iîg6,âùZzgggZ]~

¹Y@*ìX (Continuity of State) Ãð�Ût7ƒ@*ZknâùÐggZ]~Zk’góp~Ãqª»Ÿ
ÆëŠÈ 16.3 »ëŠÈçzyƒ@*ìo]Æîg6,̂ (P) ZzgŠ!*î (V) qªÆŸÆìwÃKÆnw

Æ‚B’ÐâùÅY+$Úp~zZµƒC QR 6,óc*Yñ)²ŠÃåŠÐÁƒ( P Ã1YñZ¤/’ÃŠ!*î PQRS

ì˜V6,ŠzâVq—Zq-‚B0*ñYD÷X
ÁŠgzwZg]6,ÜsZ|âÅMð(,fìZzg66ŠgzwZg]~ZŸ†HY@*ìZzgÃåŠgzwZg]c*ÃåŠ6,ª

} A Å̂~Zq-$©�î EG
0 16.1 ƒY@*ìÅ<å XEZëŠÙ÷ā (Merge) c*ëŠÈ»Z|8~î OZq-$©�î EG

0~æ Ãå$©�î EG
06,W™êx

âùqªÃªCÙ™@*ìZzgZq-$©�î EG
0a÷Å̂Æ´‘ÆZ0+gƒ@*ì’ª»g0eZðW‚àÅâù D qªªCÙ™@*ìZzgZq-$©�î EG

0

Zzg’qª~ÂZiyÃªCÙ™@*ìX
J-»ZŸ†HYñÂŠ!*î~ZŸ† LÐP Ãxg3YñZzgŠ~$©�î EG

0 (V) ~Cc*ŠHìāZ¤/w 16.2 qgzfŝ

6,åîg6, P :ƒYñÂëx@{™D÷ā—� S ƒÇZzgZ¤/Z[Š!*îÃxg3YñZzgŠ~¶ÑðYñZ#J-āw•™

S Zzg L ŠzâVÌZq-„ëŠÈ6,zZµ÷Zk§bÐö~’âù~psƒCìX S'P 6,âùƒCìXZzg S ’¶Z[

ÆŠgxy’»âù~psƒä»¿ƒ@*ìXTÆŠzgZyóîzZµƒ@*ìÃåëŠÈ~ŠZNY+$—’qª~

ÅY+$w• SÐL 6,ƒCìZ#Âx G ƒCìZ#ā!*NY+$âùÅqª~ƒCìZÝ~’ÐâùÅp~$©�î EG
0

6,âù~p~zZµƒCìptâ**YYìā’ÐâùÅqª G ™@*ìÂŠnìZkn’ÅÑÄ(,|YCì$©�î EG
0

~p~»¿’góƒ@*ìªp~qªÆŸÃªCÙ™CìZÏnZkÃqÑ]»Ÿë÷X
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(Fig. 16.2) 16.2 ^

zhgzZwÆxZzgÃåxÆŠgxyģZ~.™** 16.5

(Derivation of Relationship Between Van der wall Constants & Critical Constants) 

Zq-Åc*ñw’ÆnzhgzZwÅqr)zZ]øDfsŠ~ˆìÔ

ZSbÌ–YYìÔ (16.1) zhgzZwx÷X)zZ] 'b' Zzg 'a' }xó  RŠó Twó V Š!*îìó P Zk)zZ]~

ÆŠz8{ð OVÃ¢[HYñÂqÝƒÇÔ (16.2) )zZ]

c*

c*

Ð„HYñÂqÝƒÇ PÃ (16.3) )zZ]

c*Zk)zZ]ÃZSbÌ–YYì:

(Cubic Å&_.gZÅ)½šïE V Æn b Zzg 'a' ìT~Šñ‰ƒñ (Cubic Equation) »Zq-$½š-öE)zZ] (16.4) )zZ]

©ƒÏZk~tÐV_.gZÅ)½šïE©Çƒ$Ë÷c*Zy~Zq-ÇZzgŠzìàc*Wi~ƒMh÷Ë³Š!*îZzgŠgz roots)

ÆŠgxy¤/Äc*F,®sYñÂqgzfs P ZzgŠ!*î V 6,w T ÆÃc*CìwÆfg=Š~ˆxŠ (16.4) wZg]6,Z¤/)zZ]
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ÐªCÙ™Mh÷X I ~ëŠÈâ (16.3) ~ÂqÝƒÏTÃ̂

(Fig. 16.3) 16.3 ^
Å§b I Ð¶KyŠ~ˆìŠ~ZŸ†™ä6,«È Q Zzg N'L Å&©XÃ V ŒVŠ¬YYìāZq-§Š!*î6,

ÆZz6, P ˆŠ!*î V Å&©ŒÛd$ƒYCìZk§bZq-ºmŠ6,w V qÝƒCìZkÈ~ÎZñZkÆā II Zq-ZzgÈ

qÝƒC IV `Ð¶KyŠ„ÅˆìZzgic*Š{Š6,Zq-Z+È X Æ&_.g7VƒD÷; V qÝƒCìT~ III ÅÈ

ìT~ÜsZq-Ç7qÝƒCìZzgŠzu}Šz©ìàc*Wi~ƒD÷Z¤/ëZz6,Å̂ÆÃc*CëŠÈ»™KI
~Cc*ŠHìÂ¥xƒ@*ìāZyŠzâV 16.1 )£¨(»g0eZðW‚àÆnZhgzkÆëŠÆÈÐ™,6ā¬̂

( ªVÆŠgxy¹ic*Š{x¹Š@Y$Ëì�ÛtÜsZÚìāÃc*CÈÆ£x6,Š!*CÈÆZ|8~î O~ñY

ªCÙG‰÷Ãc*C^ZzgŠ!*C^~Ãåë OQ Zzg LM ~Zz6, 16.3 ^ÐpsƒYD÷�̂

ŠÈz̃ƒD÷Zy›ëÃÃåxÆfg=zhgzZwÆxZ~.™äÆnqgzfs§iÐZEwHY@*ì
ƒC Æ)z~ƒYC÷ª Å©Ãåw V 6āZz6,zZà̂~Š¬YYìāÃå`6,

ƒ@*ìX¾n ÷Zzg

c*

ā$½3™ö E)zZ]~ps™**ƒÂZSb™Mh÷Ô (16.5) Z¤/)zZ]

ª

Šg`™ÆF,KMŠ¶6,qgzfs)zZ]qÝƒÇÔ Zzg Æn T Zzg P~(16.4) )zZ]

ÃåŠìX ÃåŠ!*îZzg ŒV6,
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!*ÇxË÷Zy)zZ]~̃tÆ».ÞÐqÝƒ@*ìX (16.7) Zzg)zZ] (16.8) )zZ]

Ð„HYñÂqÝƒÇÔ (16.10) Ã)zZ] (16.11) )zZ]

ª

  c*

~Šg`HYñÂqÝƒÇÔ (16.10) Ã)zZ] (16.12) Z¤/)zZ]

ª

c*

~Šg`™äÐqÝƒÇÔ (16.9) Ã)zZ] (16.13) Zzg (16.12) )zZ]

c*

c*

ª

         ¾n         

ÆgÁ~ R Zzg’x  bóa Ë—ÆÃåxÃzhgzZwÆx (16.14) Zzg  (16.13)ó(16.12) Zk§bÐ)zZ]

237



Æfg=ÃåxÆçÆfg=zhgzZwÅ)zZ]ÆZ:tÃ6,ppÆntģ¹ÆìX b Zzg a ªCÙ™D÷

Zc Ãåóîc*iZî¬ï 16.5.1

Ãqgz§ifsÐC[HY@*ìX zhgzZÞ’ÆnÃåóîc*iZî¬ï

ÃåqÑ]~þ: 16.5.2

ƒƒƒƒ@@@@****ììììXXXX ÎÎÎÎZZZZwwww::::zzzzhhhhggggzzzzZZZZwwwwÆÆÆÆ))))zzzzZZZZ]]]]ÃÃÃÃZZZZEEEEwwww™™™™DDDDƒƒƒƒññññUUUU****""""$$$$<<<<āāāā

ÃåqÑ]~zhgzZw)zZ]ƒÇX ����ZZZZ[[[[::::

c*

Æª 3b ',Z',ƒÇ …¥xìāÃåw

c*

…tÌ¥xìā
c*

Æfg=qÝƒÇX (16.7) Zzg (16.8) )zZ]

Šg`™,ÂqÝƒÇÔ (2) ~)zZ] (16.9) )zZ]

    

c*      
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pÐøqpV»ç 16.6

Ãåw ÃZyÆÃåxªÃåŠ!*î (T) ZzgŠ (V) Ôw (P) zhgzZwäCc*āZ¤/Ë’ÆZÝŠ!*î

~ªCÙHYñÂZq-ŠzuZ¹„Zë¬xçzZÑ)zZ]qÝƒÇ;pÐøqpV»ç¹Y@*ìX ZzgÃåŠ

Zzg (V) ZzgZÏ§bZÝw  ÐªCÙHYñª ππππÃ ÅÚ ZzgÃåŠ!*î (P) Z¤/ZÝŠ!*î

ÃôŠ!*î ππππ ™1YñÂŒV6, ÅÚ ZzgÃåŠ T ZzgZÝŠ  ÅÚÃ Ãåw

¹Y@*ì¾nZy (Reduced temperature) ZzgÃôŠ  (Reduced volume) Ãôw (Reduced pressure)

ÒVÐ…qÝƒÇX

c*

c* Zk§b

ƒÂ ZzgZ¤/

Zq-Zßwc*Å’ÆnzhgzZw)zZ]ìX

ÆnŠg`™,Â…)zZ]ƒY¨ T Zzg VóP (17)ó  (19)ó(18) ~)zZ] (16.1) Z¤/zhgzZw)zZ]

ª

1…ÃÝwóÃåŠ!*îZzgÃåŠÅ©zhgzZwxZzg’xÅ̂~¥x÷ª

Zzg

~Šg`™,X (16.21) Ã)zZ] (16.4) Zzg (16.3)ó(16.12) ¾n)zZ'
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Zk)zZ]ÃpÐøqpVÆçÅ)zZ]ë÷ZjzhgzZw»ôqªÅ)zZ]Ìë÷Zk)zZ]~̈gÐ
ñ�Š7÷ZÏntÓxZâYÆaZEw~WYìXZzgtZq-¬x)zZ]ì R Zzg’x b Zzg 'a' Š¶zhgzZwÆx

ÃzhgzZwÅqªÅô)zZ]ë÷tåîg6,¬x)zZ]ì�ÓxZâYÆn‡.ÞZ:tìX�Ûn (16.22) ¾n)zZ]

Ðt¥xƒ@*ìāZyÓxÆôwZq-„ƒfZâY�Zq- (16.22) ™zāŠzc*iZZ+ZâYZq-ôŠ!*îZzgôŠ6,÷Â)zZ]

ÃpÐøqpV»çÆîg (16.22) „ôŠ!*îóôwZzgôŠÆ�0*ñYD÷pÐøqpV~BD÷ZÏn)zZ]

6,1YYìXZkçÅ°pZSbÅYCìāZ¤/Šzc*iZZ+ZâYZq-„ôŠ!*îZzgôŠ6,ƒVÂZyôwÌ7VƒD÷X

(Learning Outcomes) Zõ!}ò 16.7

~ëäqgzfsÆ0_·HìX 17 ZkZ»ð

Ãå1Z]ÆmÐcÅ̂ìX X1

ZhgzkÆ»g0eZðW‚à’6,Š!*]÷ZzgZyÐqÝ�wZzgŠ!*îÆŠgxyZxŠgzwZg]6,ëŠ X2
!-D45é

EEGVqÝ÷XZyÅãCŠ6,ÃÝ1Z]ÃŒc*ŠHìX
ZzgÃÝw (Critical Pressure Pc) ÃÝŠ!*î (Critical Temperature Tc) ÃÝ1Z]ªÃÝŠ X3

HƒD÷XZyÅ°pÅ̂ìX (Critical Volume Vc)

 ÃÒyHŠHìX (Continuing of State) }qÑ]Æö X4

ÆŠgxyÆģÃ̂!îg6,Z~.HŠHìX Vc Zzg Pc ÔTc ZzgÃÝ!h4¨Õä
GG

] 'b' Zzg 'a' zhgzZwÆx X5

(Reduced Zzgôw (Reduced Pressure ππππ) ÔôŠ!*î (Reduced Temperature θθθθ) ôŠ X6

HƒD÷óCc*ŠHìX Volume φφφφ)

TÃpÐøqpVÆç» (Van der waal Reduced Equation of State) zhgzZw»ô)zZ‹qª X7

¹Y@*ìXZkÃZ~.HŠHìZzgZkÅZÌ»f™ìX (Law of Corresponding states) )zZ]

(Keywords) ã~ZÖp 16.8

ZWF,+ŠT6,Ë’Ãâù~psHYYìX :::: ÃÃÃÃÝÝÝÝŠŠŠŠ .1

ÃÝŠ6,’Ãâù~p~ÆnŠg»gŠ!*îX :::: ÃÃÃÃÝÝÝÝŠŠŠŠ!!!!****îîîî .2

ÃÝŠZzgÃÝŠ!*îÆ�Zq-ñw’»wX :::: ÃÃÃÃÝÝÝÝwwww .3

ëŠF,®c*èoT~xŠ6,Ë’ÆwZzgŠ!*îÆŠgxy¤/ZseZÑY@*ìX :::: WWWW$$$$iiiiðððð
JJJJ

êêêêxxxx .4

ZÝŠZzgÃÝŠÅÚ :::: (θθθθ) ôôôôŠŠŠŠ .5

ZÝŠ!*îZzgÃÝŠ!*îÅÚ :::: (ππππ) ôôôôŠŠŠŠ!!!!****îîîî .6
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ZÝwZzgÃÝwÅÚ :::: (((( ôôôôwwww)))) .7

Zk»Ÿ‚ì :::: ÃÃÃÃÝÝÝÝóóóóîîîîcccc****iiiiZZZZîîîî¬¬¬¬ïïïï .8

ìX ZzgZkÅ7

(Model Examination Questions) %:ZJãÎZÑ] 16.9

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

z{
!-D45é

EEGV�xŠ6,’ÆwZzgŠ!*îÆŠgxy~sˆƒVóZ¹ë÷X X1

(Isobars) W$ið
J
!*g (b) (Isotherms) W$ið

J
êx (a)

(Isodiaphers) W$ið
J

eZ"3«ç JGEk (d) (Isochore) W$ið
J

Åg (c)

z{ŠTÐic*Š{Š6,¾’Ãâù~ps7HYYeìŠ!*îHÌic*Š{™BÔZkŠÃë÷X X2

Š!*Å.›½ðk (d) !*LŠ (c) »ïŠ (b) ÃÝŠ (a)

Zhgzkä»g0eZðW‚à6,Š/™ÆZk’»ÃÝŠHCc*ì? X3

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

qgzfs~ÐÃy‚ÃÝwÃªCÙ™@*ì? X4

(d) 3b (c) (b) (a)

ÃÝŠÃªCÙ™äzZÑŸ‚Ãy‚ì? X5

(d) 3b (c) (b) (a)

qgzfs~z{Ÿ‚�ÃÝŠ!*î»ƒ@*ìX X6

(d) 3b (c) (b) (a)

zhgzZw»ô)zZ]c*pÐøqÑ]»çÅ)zZ]Ãy‚ì? X7

(b) PV = RT (a)

Zy~ÐÃð7 (d) (c)

ÃÝóîc*iZî¬ïÆaÃgñÑƒÇX X8

(d) (c) (b) (a)
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ÃÝqÑ]}zhgzZw)zZ]ÃZEw™DƒñÃy‚Ÿ‚U*"$ì? X9

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

ÃHë÷? zhgzZwÆ_.Ë’ÅZÝŠZzgÃÝŠÅÚª X10

VàŠ (d) ôŠ (c) úyŠ (b) ÇŠ (a)

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

ÃÝ!h4¨Õä
GG

]H÷?ZyÅ°pÙX X1

uV~qÑ]»ö¾§bŒc*Y@*ìÔÉÀŸ/õGX X2

ÃZ~.ÙX (Vander Waal's Reduced Equation) zhgzZwÆô)zZ] X3

ƒ@*ìX ÃÝqÑ]~zhgzZwÆ)zZ]ÃZEw™DƒñU*"$Ùā X4

ZhgzkÆ»g0eZðW‚à’6,Š!*]Ã¿ÒyÙX X5

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

zhgzZwÆ!h4¨Õä
GG

]ZzgÃÝ!h4¨Õä
GG

]ÆŠgxyģÃZ~.ÙX X1

ZzgÃÝ1Z]Ã,ÐÉÀŸ/õGX (Isotherms of Carbon dioxide) »g0eZðW‚à’ÆëŠF,j] X2

ÃZ~.ÙZzgZkÅZÌÒyÙX (Law of Corresponding States) zhgzZwÆpÐøqÑ]Æç X3

™{ŠZ[ìX 42 ÷ÂZk’»Š!*îC[ÙZ#āZk»ÃÝŠ!*î 0.7 ZzgôŠ 10.2 Zq-’»ôw X4

(5.7388 = (P) ÔŠ!*î 0.1604 = (ππππ) ôŠ!*î ����ZZZZ[[[[:::: )

'b' Zzg 'a' ™ÒŠZ[÷ÂZk’ÆazhgzZw!h4¨Õä
GG

] 73 Zzg 304K Ë’ÆÃÝŠZzgÃÝŠ!*î!*nKM X5

ìX {™ÒŠZ[°e¤/~°ñw 0.0821 = R C[ÙZ#ā

(0.4269 = b Zzg 3.591 = a ����ZZZZ[[[[:::: )

(Suggested Books for Further Readings) '×h+_¬Æa?m,™Š{ÂÁ 16.10

1. Essentials of Physical Chemistry By Arun Bahl, B.S bahl

2. Principle of Physical Chemistry by S.H Marun and C.F. Pruton

3. Principle of Physical Chemistry by B.R. Puri, L.R. Sharma, M.S Pathania

4. Text Book of  Physical Chemistry by P.L Soni and Dharmahara

5. Elements of Physical Chemistry by S. Glasstone and Dand Lewis

///
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Maulana Azad National Urdu University

B.Sc 2nd Semester (Chemistry) Examination, March/April - 2022

Paper - BSCH201CCT : Organic Chemistry II and Physical Chemistry I

I ZZZZzzzzgggg88886666DDDD II ********xxxxCCCC6666DDDD 6666,,,,pppp::::
Time : 3 hrs Marks : 70

@@@@ZZZZcccc****]]]]::::
t6,<îF0ÎZÑ]&”V6,Œì:8~î OZÍwÔ8~î OŠÍxÔ8~î O^ðOxXCÙ�Z[Æa/VÅ®ZŠZ÷ágèSìXÓx”VÐ
ÎZßV»�Z[ŠbÑiòìX

ÑiòÎZÑ]÷�āczèÎZÑ]&{à(%æFN™**&¿�Z[zZáÎZÑ]÷XCÙÎZw»�Z[ÑiòìX 10 ~ 8888~~~~îîîî OOOOZZZZÍÍÍÍwwww .1

((((10 <<<< 1 = 10 Marks) �–ìX 1 CÙÎZwÆa

(200) ÎZÑ]÷XZk~Ð¤̈DÃÃð0*õÎZÑ]Æ�Z[Š¶÷XCÙÎZw»�Z[½ãŠzÎ 08 ~ 8888~~~~îîîî OOOOŠŠŠŠÍÍÍÍxxxx .2

((((5 <<<< 6 = 30 Marks) �Z]–÷X 6 /V6,ŒìXCÙÎZwÆa

(500) ÎZÑ]÷XZk~Ð¤̈DÃÃð&ÎZÑ]Æ�Z[Š¶÷XCÙÎZw»�Z[½ã0*õÎ 05 ~ 8888~~~~îîîî OOOO^̂̂̂ððððOOOOxxxx 3.

((((3 <<<< 10 = 30 Marks) �Z]–÷X 10 /V6,ŒìXCÙÎZwÆa

8888~~~~îîîî LLLLOOOOZZZZÍÍÍÍwwww
1 : ÎZw

Zq-EèÃLÅVwÉÀŸ/õGX (i)

¤/&½5é G
YEgeg+C43ï GEGEH»¬xŸ‚ÉÀŸ/õGX (ii)

**xÉÀŸ/õGX IUPAC » Ethyleneglycon (iii)

g\
#-.è
HGEgc*±jèEÅZq-VwÉÀŸ/õGX (iv)

ñÑg¨ÅZ»ðÉÀŸ/õGX (v)

gî«çÅ°pÒyÙX (vi)

z•M;sbÅ°pÒyÙX (vii)

ÅÚÅ7XƒCì? Zzg Zq-�CÙuVÆ‚>VÆa (viii)

XñÖÆaZz‰ÂZ**ð!*ā•»Ÿ‚ÉÀŸ/õGX n (ix)

Ã,óî¬ï»ÃgñÑÉÀŸ/õGX (x)
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8888~~~~îîîî LLLLOOOOŠŠŠŠÍÍÍÍxxxx
**xÉÀŸ/õGX IUPAC qgzfs%·]Æ .2

qgzfsZÈiÃ$4-£é GGL
!5½54o-ê

G
YEGIG',zâà»ZEw™Æù»g™,Ð? .3

(i)   Ethanol    (ii)  2-Propanol    (iii)  2-Methyl-2-propanol

_wH÷?ZyÅŠgzÈ~VwŠ}™ÙX .4

âù~’6,ZW,Z0+ZiƒäzZáúZïÒyÙX .5

gg~Š!*îZzgzßYŠ!*î~ģZ~.ÙX .6

eZz»®Ò0îG0bz~Š!*îÃÒyÙZzgZkÅ=ôÙX .7

uVÅwÅ‚@ÃtÆGzŸ]ÃÉÀŸ/õGX .8

zhgzZwÆÚøqÑ]ÆçÃZ~.ÙX .9

8888~~~~îîîî LLLLOOOO^̂̂̂ððððOOOOxxxx
Zp¯äÆZ§hVÃ)zZ]Š}™ÒyÙXZzg6ðS:]zZEÑ]ÌÉÀŸ/õGX .10

Z<W‚àZzgZÈi»Z‚ÏZzg!Z!¬ï~YzZáZµZµõÝ»§T»gÃÒyÙX .11

¸\>Æ¿ZzgZßwÃÒyÙX .12

»ïuVÆ§¿̄ÐZāZsZzgZyÅz�;]ÉÀŸ/õGX .13

ÇuVÆazhgzZw)zZ]Z~.ÙX .14

////////////
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(Lab Manual)
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17 Z»ð
Zßàn‹c*C§i¿Æfg=‚Š{**xC%·]ÅÙ|#Zzg¤& ●

%â~‚Š{**xC%“»Zßàn‹t ●
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XZßàn‹c*C§i¿Æfg=‚Š{**xC%·]Å 17 Z»ð
Ù|#Zzg¤&

(Identification and Confirmation of Simple Organic Compound)

(Aim) Ñ

Zßàn‹tÐ‚Š{%“Æ¬5]ZzgYõÐL¤/z\ÅÙ|#™ÆZkÅ¤&™**ZzgZyÆÃ»g

™**X‚Š{**xC%·]ÐYõ™äÆẐq-ºmL¤/z\ÅÙ|#ÅYõƒÏZzgQ¤&ƒÏZzgZkL¤/z\

¤&”{ÆaZq-Ã»gHYñÇX

ZâYzWÑ]
ZL¤/z\Æ**xC%·]ÔZJãc*Yõ�VÔkg}ỒZâ®)»W!Ồ�l»W!Yõ~ZEwƒä

Zzg6Yz){ (Reagents) zZáZ
!3™)ÿ

G

X»[Æ_.ŒV6,qgzfsL¤/z\zZá%·]„ZEwƒVÐX 1 â^:

»g!*±hÓëF,Ú (iv) _w (iii) ™÷ (ii) Z®Œàk (i)

»g1;àg� (viii) ZZàZzg (vii) ZÈi (vi) Z’ZðZ} (v)

ZZàZEwƒVÐ (ii) Z} (i) ÁÜÅñ�ŠÏÆaÜs**JzXKÅñ�ŠÏzZá»g0%·]‰ā X2

T~8MZJyÆfg=**¶zXKÅYõƒÏXŠzu}ÁÜ6ā÷Ôì½z){zZá%·]

ZEw7ƒVÐX
Šb‰ƒñ**¥x»g0%“ÅYõqgzfsŠg`L¤/z\Æ’góŸzZgYœŠ!*]™**ƒÇXZy~ â^:

ÐÜsZq-L¤/z\zZá%“ÅYõc*±µƒÏZzgŠzu}ÓxtƒVÐXÜsz„L¤/z\�µ

Wc*ìZkÅ¤&™ãec4ìŠzŠ1VÐ¤&ƒX¤&”{L¤/z\zZá%“ÆaZq-Ã»g
™,Zzg!*Ñìy³g7g™̂,X

Z»g0%·]ÆL¤/z\ÅYõÆnqgzfsŸzZgŠ1VÃZ�xŠbe’ZzgZnˆ¤&²-Cé GEã
e’X¬xîg6,�§i¿ƒ@*ìøDfsìX
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(Inference) ³ (Observation) x@{ (Experiment) Š/ Ÿ�

Z’ZðZ} (i)

_w (ii)

F,Úc*ZŒic*»g1 (iii)

;àg�

Z$k5é GHâà (iv)

ZÈióW®Œàó™yó (v)

ZŒi

Zùgc*÷Zuc (i)

−†!g8- (ii)

Ĉk (iii)

"g8-̂k (iv)

"g8-âù (v)

8pZmc*Ì]
(Physical Characteristics)

c*g8-»x@{  (Colour) g8-  (a)

(1) I

k̂&âù (i) (Nature) ¡~Ú  (b)  

ZÈiƒYìX (i)

Z’ZðZ}ƒYìX (ii)

_w%“ƒYìX (iii)

Z$k5ë GHF,Úc*Z®Œàƒ (iv)

YìX
™yƒYìX (v)

Zâàc*Z$k5é GHâàƒYìX (vi)

ZÈizZà1 (i)

TÜ1 (ii)

_wzZàc*Ñ̀1Zñ (iii)

™0Ü1

.ƒð1 (iv)

Zh·Ü1 (v)

aƒVzZà1 (vi)

»x@{  (Odour)1 (c)

--------------
o
C 

--------------
o
C 

8!h4¨Õä
GG]

(Physical Constants)

 (melting point) Z̀â®) (a)

)k̂LgÆn(

 (Boiling point) `�l (b)

)âù—Æn(

(2) I

(Aromatic 7~%“ (i)

ƒYìX Compound)

(Aliphatic Š�%“ (ii)

ƒ@*ìX Compound)

ŠðZVŠZgc*Š̃45Õä
E

G> (i)

Æ(Smoky Flame)

‚B¥
)ŠðZVŠZgc*–.çGŠ˜45ÿ

E
G (ii)

c*  (Non-Smoky)

Z�Z¹c*Z9àYõ
(Combustion or Ignition Test)

**xC%“Åðh~ÏlZgòÆ±§Aõ
E

F

6,c*ìÅ (Nickel Spatula)

‰à6,³¤/xHYñc*°c*YñX

(3) I
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(Inference) ³ (Observation) x@{ (Experiment) Š/ Ÿ�

»g1;àg�ƒMh÷ (iii)

(Non-Luminous )ëg

>Æ‚B¥ Flame)

Z¤/Charring c**ª (iii)

ƒ@*ìÂ
»g!*±hÓëF,Úc*_w (i)

ƒMh÷X

Z‚Ï%“‰āZ’Zð (ii)

Z}ƒMh÷X

(Neutral ®~%“ (iii)

6ā Compound)

Z®Œà™yóZÈiƒMh

÷X

7~»g!*±hÓëF,ƒ̃@* (iv)

ìX

bz~îg6,0*ã~i5+k,Zzg (i)

(Litmus paper) w»½

ÃYg8-~ps™Šê
ìX

¿îg6,0*ã~i5+k,Zzg (ii)

(Red  tucw»½

ÃYg8- Litmus Paper)

~ps™ŠêìX
0*ã~i5+k,ƒZzgwÄ (iii)

6,ÃðZW,:ƒ

¤/x0*ã~i5+k,1QZ (iv)

ƒä6,%“Šz!*g{qÝƒ@*
ìX

(Solubility Test) õ k,~Y i5+
**xC%“Åðh~ÏlZgZJã
"~³qgzfs&CÓÕä]

ÃŸzZgZq-Æˆ (Solvents)

Zq-5™x@{<X

gzxŠgzwZg]6,0*ã (a)

¤/x0*ã~

(4) I

»g!*±hÓëF,ÚƒMh÷X !�lc*Q!*w

(Quick Effervescence)

Æ‚Bi5+k,ƒ@*ì

§”{Îe*!*ð»g1,M²w~ (b) (4) I

_w%·]ñ�ŠƒMh÷ Îe*;àgzW‚à²w~i
5+k,ƒD÷1−c*

F,Ú~Šz!*g{qÝ HCl

ƒD÷

Îe*;àgW‚à²w~i (c)

5+k,~

(4) I
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(Inference) ³ (Observation) x@{ (Experiment) Š/ Ÿ�

Z’ZðZ}ƒMh÷ ~i5+k, HCl %“−c*
ƒ@*ì1Îe*;àgW‚à

²w~Šz!*g{%“qÝ
ƒY@*ìX

~i5+k,~ HCl −c* (d) (4) I

**¶zXKÅñ�ŠÏÅ
¤&ƒCìX

(Prussian 6,zëÚg8-

qÝƒÇ Blue Colour)

**¶zXÅñ�ŠÏÅYõÆa

8í»§i¿:
Îe*AjyZÀZ–c*â°c*vh
ZJy"~³̄g~»g™Š{9k

Ü²wÃ5™¤/xHYñZzg%6
ËguF,Z̃Jã"ÅŠ-ZgzV

ÐeZÑYñ

(5) I

§”{%“ìX (i)

)§”{%“ìX (ii)

†!g8-',ŒÛZggLìX (i)

6,$45»43ï GE
YEGH»†!g8-¸T$ (ii)

ƒY@*ìX

§”ÏYõ
(Saturation Test)

"2.ç EGGÆ
!3™)ÿ

G
ÐYõ (a)

(Test with Baeyers' Reagent)

ZæM7N*ô6,$45»43ï GE
YEGHÆ²w

ðhZ**xC Ã"2.ç EGG
!3™)ÿ

G
ë÷

%“ZJã"~³0*ã~i™
Bc*Z`y~i™BZzgZk

7N*ô6,$45»43ï GE
Y

GEH²w"2.ç EGG 1%~
¢{ (Baeyer Reagent)

!3™)ÿ
G

/¢{eZBZzgZh§bhNZzg
x@{™,X

(6) I

u”{%“ƒÇX (i)

)§”{%“ƒÇX (ii)

',z}0*ã»**g̃g8-‡ì (i)

ìX
',z}0*ã»**g̃g8- (ii)

¸T$ƒY@*ìX

',z}0*ãÆ‚BYõ (b)

(Test With Bromine Water)

ðhZ‚**xC%“ZJã"~B

ZzgZk~',z}0*ã»²w5NX

(6) I
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»g0%·]ÆZÐZŠ~L¤/z\Å6ðYõÐÙ|# II

(Identification of Functional Groups of Organic Compounds)

»g1**L¤/z\ñ�Šìª
Z®Œàc*™yñ�Šƒ@*ìX

Vn~c***g̃igŠg8-»gÎ[

qÝƒ@*ìX

»g1**L¤/z\ÅYõ:
**xC%“Åðh~ÏlZgZJã"

   ~á™1gô
!3™)ÿ

G
ª
(Borsches' Reagent) 

eZð**¶z 2,4 2,4DNPHª
¢45é E

GEL;àgm,+
!3™)ÿ

G
ÆP¢}

5ñYNX

(1) II

_wñ�ŠƒYìX ¶c*8c*!g8-»²wqÝ
ƒÇX

_wÅYõ:
ðh~lZg**xC%“ÃZJã"
~1Yñ)Z¤/̂kƒÂZÈi~i
™B(ZzgP¢}®~9u

³gZàÆ5NX

(2) II

»g!*±hÓëF,ÚƒMh÷X ÆÑVÆZyZ` CO2!

Æ‚B%“i5+k,ƒ@*ìX

»g!*±hÓëF,ØVÅYõ:
ðh~lZg~**xC%“ÃZJã"
~³Zk~§”{Îe*!*ð
»g1,M²w5c*YñX

(3) II

Z’Zð7~Z}ñ�ŠƒY
ìX

ÖZgucg8-ä[

qÝ (Scarlet Red dye)

ƒÇX

Z’ZðZ}ÅYõ:
**xC%“Åðh~lZgÃ−c*

~i™BZzgZkWö{ÃQZ HCl

™BXZnẐkQ}²w~
 ²w~i”{X NaOHQZ

"54-āð
EGFG

wÃ÷áï™,XZkYõÃZm,z β

Ìë (Azo-dye Test) eZðYõ
÷X

(4) II
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ZÈiL¤/z\ƒYìX ’ H2 !ÑVÆ‚B

{g`ƒÏX

ZÈiÅYõ:
**xC%“Åðh~ÏlZgZJã"

~³Zk~ÈÎe*ŠJ]Æ

gLÐ•}Ã5NX

(5) II

ZZàÅñ�ŠÏƒ$ËìX .ƒðZñ*’Å1»

~ez! HCl x@{ƒÇ�%6

ƒð»õÅscÐCŠ{y

aZ™@*ìX

ZZàÅYõ:
ðhZ‚»g0%“ZJã"~³

k̂Îe*;àgZ‚à5c*YñZzg
¤/xHYñX

(6) II

»g1;àg�ñ�ŠƒMh

÷X

Šz6,ÂVÆŠgxyZq-÷Z¶

IqÝƒÇX

»g1;àg�ÅYõ:

(Molisch's Test) â×Yõ
ðhZ‚**xC%“³P¢}0*ã

&4h4-āð
EGFG

w» −α ~i™1YñZzg
ZÈi²w5c*YñZzgQ

F,ÚÃZJã"Å H2SO4 %6

Š-ZgzVÐeZsƒñ5NX

(7) II

(Confirmative tests for Functional Groups) L¤/z:Å¤& III

Z®ŒàÅ¤&ƒCìX (i)

™yÅ¤&ƒCìX (ii)

Zq-ÖZgØz~WsZJã (i)

"ÅŠ-ZgzV6,qÝƒÇc*
({gÎ[qÝƒÇ
ZJã"ÅŠ-ZgzV6,ÖZg (ii)

Øz~WsqÝ7ƒ@*

ìX

Z®ŒàZzg™yÅ¤jYõ:
I}

!3™)ÿ
G

Ð (a)

(With Tollen's Reagent) 

ðh~ÏlZg~**xC%“ÃZJã
Zzg A

!3™)ÿ
G

9~BZzgP¢}I}
Æ5NZzg6e6,¤/x<X B

(1) III
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Z®ŒàÅ¤&ƒCì (i)

™yÅ¤&ƒCìX (ii)

(Cu2O) cY6,kW‚à u(i)

»gÎ[qÝƒÇX
ucY6,kW‚à» ( i i )

gÎ[qÝ7ƒÇX

¢-<Ò5ë
E

GXEY²wÐ¤&: (b)

ðh~lZg~**xC%“³

²wÃ5NZzg B Zzg A
¢-<Ò5ë
E

GXEY!3™)ÿ
G

¤/x6e6,¤/x™,X

_wÅ¤&ƒCìX 8c*!g8-qÝƒÇ�ā0*ã
Ð−c*Yä6,ucƒYñ
ÇQÎe*;àgW‚àÐ¨
c*Yä6,8c*!ƒYñÇX

_wÅ¤&:
  Ñ$}¬ïÐ¤& (a)

(Libermann Test)

ðhZ**xC%“ZJy"~á™

ÆP  (NaNO2) Îe***¶Z"3ï JGH

JVÃ5™¤/x<ZzgQQZƒä
ÆˆP¢}%6ËguF,Ú
Æ5BX

(2) III

_wÅ¤&ƒCìX ÷Z†!g8-c*igŠ~!g8-»

 (Greenish Yellow H,CÙ

qÝƒÇX Fluorescence)

ŠAAjy¤&: (b)

**xC%“Åðh~ÏlZgZJã9
~á™Š´Z#-<é GEXegZàZzgP

5ñYNZzg H2SO4 ¢}%6

Æ ¤/xHYñZk¬BWö{ÃQZ™

~ñ�ŠÎe*;àgW‚à Ù

²w~eZBX (NaOH)

»g!*±hÓëF,˜Å¤&ƒC

ìX
pÎZg]VzZà1CkƒÏ

»g!*±hÓëF,ØVÅ¤&:
Z7kÐ¤&: (a)

ðhZ‚»g0%“ZJã"~1
H2SO4 YñZzgZk~ZÈiZzg%6

ÆP¢}5ñYNZzg¤/x™,ó
QQZ™ÆÙ~n‰0*ã~t
¬BWö{5NX

(3) III
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»g!*±hÓëF,˜Å¤&
ƒÏX

¬†!g8-¸T$ƒY¨
ZzgZnˆ~†!g8-‡ìg{
YñÇX

+
¢-£Ó4è
EG

GEÆfg=¤&: (b)

**xC%“Åðh~ÏlZgZJã"
~á™P¢}+

¢-£Ó4è
EG

GEÆ
²weZÑYñX NaOH 5NZzgQ

Z’ZðZ}Å¤&ƒCìX W™(**àc*»g!*LW}
(Bad or foul ’Å$+1

{g`ƒÏXZk$+1ŠZg Smell)

eZw™ HCl ’ÃðhZ‚%6
»™1YñX

Z’ZðZ}Å¤&:
W™(**àc*»g!*LW}Æ (a)

fg=¤&:
ðhZ‚**xC%“ZJã"~á

Æ(CHCl3) ™P¢}³gzÃgx
5NZzgZk~ZÈ´Îe*;àgZ
W‚à²w5™¤/x™,X

(4) III

Z’Zð7~Z}Å¤&ƒC
ìX

(Dye) ÖZgucgāä[
qÝƒÇX

Ð(Azo - dye ) Zm,zeZð (b )

¤&:
**xC%“Åðh~ÏlZgZJã"

²w~i™BZzg HCl ~³Zj
ZjZ+A)é

E
EŠ~Wö{c*',s~gOZzg§

(Sod ium ”{Îe***¶ZV$
²wÆP¢}eZB nitr i te)

²w NaOH qÝ”{²w~QZ
»²w5N α- napthol ~i”{

Z’ZðZ}Å¤&ƒCìX CgÎ[qÝƒÇX
Z·Z#-<é GEXàgZàÐ¤&: (c)

**xC%“Åðh~ÏlZgZJã"
~³ðhZ0*ãeZBZzgZk~Z$k5ë GH

Z#-<é GEXàgZàeZw™hNX

ZÈiÅ¤&ƒCìX
(Oil of Winter) zZãîg6,
( G r e e n  M e t h y l

1CkÅYC Salicylate)

ìX

ZÈiÅ¤&:
Z7Ð¤&: (a)

ðhZ‚**xC%“ZJã"~á
(Sa l ic yl ic ™(É4hÓë GF,˜

eZBZzgZk~P¢} acid) 

F,ÚÆ5™¤/x™, H2SO4 %6
ZzgÙ~n‰0*ã~eZBX

(5) III
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ZÈiÅ¤&ƒCìX !>x@{~W@*ìX
Ð¤&: NaCl (b)

ðh}Ð**xC%“ÃZJã"~
Zzg%6 (NaCl) á™Îe*³gZà

F,˜5c*Y@*ìZzgZkÃ¤/x H2SO4

™ÆZnggZ]ÃW>ÆjZá

7HY@*ìX

ZZàÅ¤&ƒCìX ({gÎ[qÝƒÇX

ZZàiÅ¤&:
: ÷Ygu³gZàÆfg= (a)

ðhZ‚÷Ygu³gZàÆ²w~
²wÃ5c* NaOH ¼ic*Š{lZg~

YñZzgZk~**xC%“Ã5™
’*Zg~YñX H2S

(6) III

ZZàÅ¤&ƒCìX igŠgÎ[qÝƒÇX

(Picric Acid) āuF,˜ (b)

Ð¤&:

ðh~lZg~**xC%“á™

P¢}ZÈiÆZzgāuF,ÚÃ
5NZzgp[hNX

»g1;àgÆÅ¤&ƒC

ìX
Šz6,ÂVÆŠgxyZq-÷Z¶

IªCÙƒÇX

»gß;àg�Å¤&:
â×YõÆfg=¤& (a)

(Molisch Tests)

**xC%“Åðh~ÏlZgZJã"
~á™P¢}0*ã~i™1

"3¨4-āð
EGEGG

w»ZÈ́ -α YñXZk~
 H2SO4 ²w5c*YñZnˆ%6

F,ÚÃZJã"ÅŠ-ZgzVÐ*ZgZ
YñX

(7) III
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»g1;àgf$Å¤&ƒC
ìX

Zq-ÖZgØZðWsZJã"Å
Š-ZgzV6,ÃW¨

ÖZgØZðWsYõc*I}
!3™)ÿ

G
(b)

Æfg=¤&:
**xC%“ÆW!²wÅðh~Ï

lZgZJã"~á™Zk~P
ÆeZw™¤/x B Zzg A ¢}I}

!3™)ÿ
G

682.ç
E

EG6,¤/x™,X

»g1;àgf$Å¤&ƒC
ìX

ucgÎ[qÝƒÇX

�<Ò5ë
E
XEY²wÐ¤&: (c)

**xC%“ÆW!²wÅðh~lZg
B Zzg A ZJã"~á™�<Ò5ë

EXEY²w
Ã5NZzg¤/x682.ç

E
EG6,¤/x™,X

‚Š{**xC%·]Æº]Å»g~ XIV
(Preparation of Derivatives of Simple Organic  Compounds) 

Z®ŒàZzg™÷Æa: X1
Æ5NX HCl

!3™)ÿ
G

ÃeZw™Zk~P¢}%6 (Borsches) ðh~lZg»g1B%“~1g]4ø
IG

qÝ”{Wö}Ã¤/x6e6,ðhZ¤/x™,XucVn~g8-»gÎ[ZÝƒÇTÃZ¿Ð‘Í-Cå GW{HY¨
F,~Šzg™ÆÈ̂kÃqÝHY¨X

_wÆaÃ: X2
²w~i™1YñXZzgZk NaOH :ðh~ÏlZg»g0%“Ã  (Benzoate Derivatives) *.çEEEzf$Ã (a)

eZw™p[hc*YñXZkÃQZ™Æ0*ãÅic*Š{lZgeZà  (Benzoyl chloride) ~*.ç EEEZîs³gZà

YñXC&Ð)é Gîne{ƒÏTÃZ™ÆHY—ÃÈHY¨�_w»ÃƒÇX
R,Zð',zñ_wÃ:P¢}_w%“Æá™Zk~ðh~Ïic*Š{lZg~',z}0*ã’gó5c*YñX (b)

Z#J-ā²wwîg6,CR,Zð',zñ_w»gÎ[qÝ:ƒYñX¿ZÆfg)e{™1YñZzgF,~Šzg
™ÆÈR,Zð',zñ_wÃ»g:ƒYñX

ZÏ§i¿ÐZ}%·]ÆÃÌ»gGYMh÷X â^:

»g!*±hÓëF,ÚZzgZÈiÆÃ: X3
F,ÚÆeZáYNZzgZnð̂hZ H2SO4 Z7ÃÅ»g~:ðh~lZg**xC%“á™P¢}%6

ZÈi)Z¤/»g!*±hÓëF,ƒ̃Â(c*»g!*±hÓëF,)̃Z¤/ZÈiƒÂ(eZÑYñXZkqÝ”{Wö}Ã¤/x™,Zzg

ˆ~QZ™ÆÎe*»g1,MÆ²w~eZÑYñXZ7ÅpÎZg]VzZà1qÝƒÏZzgtZ7ÃìX
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Z’ZðZ}ÆaÃ: X4
~i™1Y@*ìXZzgZkÃ',s~QZHY@*ìZzgZk~§”{Îe***¶Z"3ï JGH HCl ðhZ**xC%“−c*c*

"54-āð
EGFG

w −β P¢}5NXZkqÝ”{QZWö}~Îe*;àgW‚à²w~i”{ ²wÆ (NaNO2)

ë÷qÝƒÇ�Z’ZðZ}»ÃƒÇX (Azo  Dye) 5NZq-ÖZgucg8-ä[TÃZm,zeZð
ZZàiÆaÃ: X5

ðhZ**xC%“á™ðh~lZg~Z"5Ó4è
EGGEeZw™Zñ*’Æ{g`ƒäJ-¤/xHYñXZñ*Æ{g`

ƒäÅÙ|#ZkÅ1Ðc*uc
Ê-.ø

G
»½Æfg=ÅYCìXZq-"g8-ĈkHî%“e{ƒÇ�ZZà

»ÃƒÇX
»g1;àg�ÆaÃ: X6

²wÆPÏÏ5NZkqÝ”{Wö} (Lead Acetate) ðhZ‚**xC%“BZzgZk~7Z_543ï GHGH (a)

~ðh~Ïic*Š{lZg~Zñ4;àgzW‚à5NXCgÎ[qÝƒÇXTÃ¤/x™ä6,‚[†!g8-c*uq
(Salmon Pink Colour) âb**g̃g8-~psƒYñÇX

Zz‚izyÃ:ðhZ‚**xC%“Zq-ZJã�l"~ZzgZkÃ0*ã~i™BXZk~¢45é E
GEL;àgZi+Zzg (b)

~P4gÄgh,XQZƒä6, (Hot Water Bath) ',EZ·F,ẽZBXZbZÃZh§b5™¤/x682.ç
E

EG

Zz‚izyÅigŠóaqÝƒVÏ�Zz‚izyÃƒVÏX

Š/:%â~‚Š{**xC%“»Zßàn‹t:
ZkŠ/~Zq-%â~»g0%“6ā»g!*±hÒ5ëGF,Z̃·F,1̃HŠHìZzgZkÆ‹tÆŠzgZyzZµ

Š!*Cx@Z]Zzg}òÃZßà§iÐF,KMzZgöÆ‚BŠg`™Æ¤&™äÆˆZ�xŠ"ÃZ~.

™,ÐZzgKÐXZkŠ/»§i¿qgzfs~Cc*ŠHìX
( Inference) ³ (Observation)  x@{ (Experiment) Š/ Ÿ�

Z·F,˜c*Z®Œà
ƒYìX âùZzg"g8- (i)

!.ƒð1 (ii)

8Ì]:
8qªZzgg8- (i)

1»x@{ (ii)

(1) I

118oC

8x:
`�l

(2) I

Š�%“ƒ@*ìX >Æ‚BÃðŠðZVqÝ
7ƒZXª)ŠðZVŠZg>

Æ‚B¥

Z�Z¹c*Z9àYõ:
**xC%“Åðh~lZgòÆ±§Aõ

E
F

6,³°c*YñX (Nickel Spatula) 

(3) I
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»g!*±hÓëF,˜ ( i i i )

ƒYìX
_w)ñ�ŠìX (iv)

Z’ZðZ})ñ�Š (v)

ƒÇX

i5+k, (i)

i5+k, (ii)

!�hÑVÆ‚B (iii)

i5+k,ƒ@*ìX
~HCl i5+k,ì1 (iv)

Šz!*g{%“qÝ7

ƒ@*ìX
NaOH i5+k,ì1 (v)

ƒ@*X Šz!*g{%“qÝ7 ~

i5+k,~Yõ:
ðh~lZg**xC%“ZJã"~á™qgz
fsPÑ]~i5+k,~ŠBX

0*ã (i)

Zp (ii)

§”{Îe*!*ð»g1,M²w (iii)

Îe*;àgW‚à²w~i5+k,~ (iv)

~i5+k,~ HCl &Ò¹é Gc* (v)

(4) I

»g0%“~
**¶zXKñ�Š7

ìX

6,zëÚg8-
(Prussian Blue Colour)

qÝ7ƒZX

8b±:
Îe*AjyZÀZ–ZJã9~á™̄g~»g

H2SO4 ”{9kÜ²w5™¤/x™,Zzg%6

ÃZJã"ÅŠ-ZgzVÐeZÑYñX

(5) I

§”{%“ìX †!g8-',ŒÛZggLìX

§”ÏYõ
(Saturation Test)

"2.ç EGGÆ
!3™)ÿ

G
ÐYõ (a)

(Test with Baeyers' Reagent)

ZæM7N*ô6,$45»43ï GE
YEGHÆ²wÃ"2.ç EGG

!3™)ÿ
G

ðhZ**xC%“ZJã"~³0*ã~ ë÷
i™Bc*Z`y~i™BZzgZk

(Baeyer 7N*ô6,$45»43ï GE
Y

GEH²w"2.ç EGG
!3™)ÿ

G
1%~

¢{/¢{eZBZzgZh§bhNZzg Reagent)

x@{™,X

(6) I
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§”{%“ƒÇX ',z}0*ã»**g̃g8-‡ì
ìX

',z}0*ãÆ‚BYõ (b)

(Test With Bromine Water)

ðhZ‚**xC%“ZJã"~BZzgZk~
',z}0*ã»²w5NX

L¤/z\Å6ðYõÐÙ|#         II

»g1**L¤/z\ª
Z®ŒàZzg™yñ�Š

7÷X

_54lç
EG

~c***g̃igŠg8-»gÎ[

qÝ7ƒZ

:  »g1**L¤/z\ÅYõ
(2 ,4 : ðh~lZg**xC%“~1gl

!3™)ÿ
G

ÆP¢}5NX DNPH)

(1)

_w)ñ�ŠìX ¶c*8c*!g8-»²w

qÝ7ƒZìX

:  _wÅYõ
5c*FeCl3 ðhZ**xC%“ZzgP¢}®~

YñX

(2)

»g!*±hÓëF,˜ñ�Š

ìX

ÆÑVzZà’ CO 2 !
{g`ƒCìZzg%“i
ƒY@*7õ X‚

»g!*±hÓëF,Å̃Yõ:
**xC%“Åðh~lZgZzgZk~§”{Îe*
!*ð»g1,M²w5c*YñX

(3)

Z’Zð7~Z}ñ�Š7

ìX
ÖZgucg8-ä[

qÝ (Scelet Red dye)

7ƒZX

Z’ZðZ}ÅYõ:
5c*YñZzg HCl ðh~lZg**xC%“~−c*
"w~i”{ NaOH QZ™äÆˆQ}

"54-āð
EGFG

wÃ÷áï™,X -β

(4)

ZÈiL¤/z\ñ�Š7

ìX
’ H2 !ÑVÆ‚B

{g`7ƒð
ZÈiÅYõ:

ðhZ**xC%“á™Zk~ÈÎe*ŠJ]
Æ•}5NX

(5)

ZZà)ñ�ŠìX .ƒðZñ*’{g`7

ƒð
: ZZàÅYõ

ðh~lZg**xC%“á™Zk~k̂

5™¤/xHYñX NaOH

(6)
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»g1;àg�ñ�Š7

ìX
Šz6,ÂVÆŠgxyÃð÷Z$©gö

EEI

IqÝ7ƒZ

: »g1;àg�ÅYõ
: (Molisch Test) â×±

ðhZ**xC%“0*ã~i™1YñZzgZk~
²w5™ZJã (α-Naphthol)

&4-£43ð
EGFG

Gw -α ZÈ́

F,ẽZBX H2SO4 "ÅŠ-ZgzVÐ%6

(7)

¾nŠb‰ƒñ**xC%“~»g!*±hÓëF,»̃L¤/z\ñ�Šìª»g!*±hÓë%“Šc*ŠHìZkÅ  : â^

¤&ÅYñX

»g!*±hÓëF,L̃¤/z\Å¤&:       III

»g!*±hÓëF,L̃
¤/z\Å¤&ƒC

ìX

pÎZg]VzZà1ªCÙƒÏ
: Z7Ð¤&

**xC%“Åðh~lZgá™ZÈiZzg%6

ËguF,˜ÆP¢}5™¤/x™,ZzgQQZ

ƒä6,Zk¬BWö{Ã0*ã~eZwŠc*Yñ

a

»g!*±hÓëF,˜Å

¤&ƒCìX
¬†!g8-¸T$ƒÇZzgˆ

~†!g8-xgìÇX

¢45é E
GE

¢-Ÿ5Ó4è
EG

GGEÐ¤&:
ðh~lZg**xC%“á™P¢}¢45é E

GE
¢-Ÿ5Ó4è
EG

GGE

²weZÑYñ NaOH ²wÆ5NZzgZk~

b

ìX n»g!*±hÓëF,L̃¤/z\Å¤&ƒðZzgŠc*ŠHƒX%“»g!*±hÓëF,˜ìXZkÆaZq-Ã»gHY@* ¾ â^:

X¤&”{»g!*±hÓëF,ÚÆaÃ: IV

5NZzgZkÆð̂hZZÈi H2SO4 ðh~lZg**xC%“1YñZzgZk~P¢}%6 Z7ÃÅ»g~:
eZw™qÝ”{Wö}Ã¤/x™,ZzgQQZƒä6,ZkÃÎe*»g1,MÆ²w~eZBXZ7»gƒÇTÅzz

ÐpÎZg]VzZà1qÝƒÏX¾nZ7Ã»gƒZX

X Z’Zð6ðYõÐ»g!*±hÓëF,L̃¤/z\ñ�ŠìX»g!*±hÓëF,Å̃¤&Å̂ZzgZk»Ã»gHŠH g7g^: .V

»g!*±hÓëF,˜ : L¤/z\z%“ (i)

118
o
C : %“»`�l (ii)

§”{%“ : §”Ï (iii)

Š�%“ : %“ÅâÎ (iv)

Z7Ã : ÃÅ»g~ (v)

qgz!*Ñ‹tz}òÅãCŠ6,**xC%“Z$k5ë GHZŒìX
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: **¥x**xC‚Š{%“»Zßàn‹t   : Š/

___________________ **xC**¥x‚Š{%“�:

( Inference) ³ (Observation) x@{ (Experiment)  Š/ Ÿ�

:  8Ì]
8qªZzgg8- (i)

1»x@{ (ii)

(1) I

: 8!h4¨Õä
GG

]
Z̀â®)&̀�l

(2) I

:  Z�Z¹c*Z9àYõ
(Nickel **xC%“Åðh~lZgÃò±§Aõ

E
F

6,(Bunsen Flame) 6,á™Þ> Spatula)

°NX

(3) I

:  i5+k,~ÅYõ
ðh~lZg**xC%“ÃZJã"~á™ZkÅ

qgzfs&CÓÕä]~i5+k,~ŠB

0*ã (i)

Zp (ii)

§”{Îe*!*ð»g1,M²w (iii)

Îe*;àW‚à²w (iv)

²w~ HCl −c* (v)

(4) I

**¶zXKÅYõ: —b±:
Îe*AjyZÀZ–ZJã"~á™¯g~»g

H2SO4 ”{9kÜ²w5™¤/x™,Zzg%6

ÃZJã"ÃŠ-ZgzVÐW×ÐeZÑYñX

(5) I
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L¤/z\Å6ðYõÐÙ|#: II

: »g1**L¤/z\ÅYõ
ðh~lZg**xC%“~1gl

!3™)ÿ
G

ÆP¢}5N (Borsche's Reagent)

(1) II

_wÅYõ:
ðh~lZg**xC%“ZzgP¢}®~

Æ5ñYNX FeCl
3

(2) II

»g!*±hÓëF,Å̃Yõ:
**xC%“Åðh~ÏlZgZzgZk~§”{Îe*
!*ð»g1,M²w5c*YñX

(3) II

Z’ZðW}ÅYõ:
F,˜5c* HCl ðh~lZg**xC%“~−c*
²w~ NaOH YñZzgQZ™äÆQ̂}

#-£4-āð
EGFG

wÃ÷áï™,X -β i”{

(4) II

ZÈiÅYõ:
ðhZ‚**xC%“á™Zk~ÈÎe*ŠJ]

»•ZeZB

(5) II

§”ÏYõ
(Saturation Test)

"2.ç EGGÆ
!3™)ÿ

G
ÐYõ: (a)

(Test with Baeyers Reagent)

ZæM7N*ô6,$45»43ï GE
YEGHÆ²wÃ"2.ç EGG

!3™)ÿ
G

ë

ðhZ**xC%“ZJã"~³0*ã~i™ ÷
7N*ô6, 1% Bc*Z`y~i™BZzgZk~

¢{ (Baeyer Reagent) $45»43ï GE
Y

GEH²w"2.ç EGG
!3™)ÿ

G

/¢{eZBZzgZh§bhNZzgx@{™,X

(6) II
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',z}0*ãÆ‚BYõ: (b)

(Test With Bromine Water)

ðhZ‚**xC%“ZJã"~BZzgZk~
',z}0*ã»²w5NX

ZZàÅYõ:
ðh~lZg**xC%“á™Zk~k̂

5NZzg¤/xHYñX NaOH

(7) II

»g1;àg�ÅYõ:
(Molisch Test)  â×±

ðhZ‚**xC%“0*ã~i™BZzgZk~
²w5™ZJã (β-naphthol)

#-£4-āð
EGFG

w -β ZÈ́

F,ẽZB H2SO4 "ÅŠ-ZgzVÐ%6

(8) II

Šb‰**xC%“~'''L¤/z\ñ�ŠìXZkL¤/z\Å¤&qgzfsŠzŠ1V L¤/z\Åg7g^:

ÐÅYCìX

XYõ™Š{L¤/z\''''Å¤&: III

( Inference) ³ (Observation) x@{ (Experiment)  Š/ Ÿ�

(a)

(b)
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X¤&”{L¤/z\&**xC%“ÆaZq-ÃÅ»g~: IV

: (Report) g7g^ .V

________________________________________________________ L¤/z\%“ (i)

__________________________________________________ %“»`�l&$©�î EG
0Zâ®) (ii)

____________________________________________________ %“Å§”Ï (iii)

___________________________________________________ %“ÅâÎ (iv)

___________________________________________________ %“Æaw (v)

ìX ________________ ¾nZz6,Šg`”{}òÅãCŠ6,**xC%“
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: **¥x**xC‚Š{%“»Zßàn‹t   : Š/

___________________ **xC**¥x‚Š{%“�:

( Inference) ³ (Observation) x@{ (Experiment)  Š/ Ÿ�

:  8Ì]
8qªZzgg8- (i)

1»x@{ (ii)

(1) I

: 8!h4¨Õä
GG

]
Z̀â®)&̀�l

(2) I

:  Z�Z¹c*Z9àYõ
(Nickel **xC%“Åðh~lZgÃò±§Aõ

E
F

6,(Bunsen Flame) 6,á™Þ> Spatula)

°NX

(3) I

:  i5+k,~ÅYõ
ðh~lZg**xC%“ÃZJã"~á™ZkÅ

qgzfs&CÓÕä]~i5+k,~ŠB

0*ã (i)

Zp (ii)

§”{Îe*!*ð»g1,M²w (iii)

Îe*;àW‚à²w (iv)

²w~ HCl −c* (v)

(4) I

**¶zXKÅYõ: —b±:
Îe*AjyZÀZ–ZJã"~á™¯g~»g

H2SO4 ”{9kÜ²w5™¤/x™,Zzg%6

ÃZJã"ÃŠ-ZgzVÐW×ÐeZÑYñX

(5) I
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L¤/z\Å6ðYõÐÙ|#: II

: »g1**L¤/z\ÅYõ
ðh~lZg**xC%“~1gl

!3™)ÿ
G

ÆP¢}5N (Borsche's Reagent)

(1) II

_wÅYõ:
ðh~lZg**xC%“ZzgP¢}®~

Æ5ñYNX FeCl
3

(2) II

»g!*±hÓëF,Å̃Yõ:
**xC%“Åðh~ÏlZgZzgZk~§”{Îe*
!*ð»g1,M²w5c*YñX

(3) II

Z’ZðW}ÅYõ:
F,˜5c* HCl ðh~lZg**xC%“~−c*
²w~ NaOH YñZzgQZ™äÆQ̂}

#-£4-āð
EGFG

wÃ÷áï™,X -β i”{

(4) II

ZÈiÅYõ:
ðhZ‚**xC%“á™Zk~ÈÎe*ŠJ]

»•ZeZB

(5) II

§”ÏYõ
(Saturation Test)

"2.ç EGGÆ
!3™)ÿ

G
ÐYõ: (a)

(Test with Baeyers Reagent)

ZæM7N*ô6,$45»43ï GE
YEGHÆ²wÃ"2.ç EGG

!3™)ÿ
G

ë

ðhZ**xC%“ZJã"~³0*ã~i™ ÷
7N*ô6, 1% Bc*Z`y~i™BZzgZk~

¢{ (Baeyer Reagent) $45»43ï GE
Y

GEH²w"2.ç EGG
!3™)ÿ

G

/¢{eZBZzgZh§bhNZzgx@{™,X

(6) II
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',z}0*ãÆ‚BYõ: (b)

(Test With Bromine Water)

ðhZ‚**xC%“ZJã"~BZzgZk~
',z}0*ã»²w5NX

ZZàÅYõ:
ðh~lZg**xC%“á™Zk~k̂

5NZzg¤/xHYñX NaOH

(7) II

»g1;àg�ÅYõ:
(Molisch Test)  â×±

ðhZ‚**xC%“0*ã~i™BZzgZk~
²w5™ZJã (β-naphthol)

#-£4-āð
EGFG

w -β ZÈ́

F,ẽZB H2SO4 "ÅŠ-ZgzVÐ%6

(8) II

Šb‰**xC%“~'''L¤/z\ñ�ŠìXZkL¤/z\Å¤&qgzfsŠzŠ1V L¤/z\Åg7g^:

ÐÅYCìX

XYõ™Š{L¤/z\''''Å¤&: III

( Inference) ³ (Observation) x@{ (Experiment)  Š/ Ÿ�

(a)

(b)
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X¤&”{L¤/z\&**xC%“ÆaZq-ÃÅ»g~: IV

: (Report) g7g^ .V

________________________________________________________ L¤/z\%“ (i)

__________________________________________________ %“»`�l&$©�î EG
0Zâ®) (ii)

____________________________________________________ %“Å§”Ï (iii)

___________________________________________________ %“ÅâÎ (iv)

___________________________________________________ %“Æaw (v)

ìX ________________ ¾nZz6,Šg`”{}òÅãCŠ6,**xC%“
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: **¥x**xC‚Š{%“»Zßàn‹t   : Š/

___________________ **xC**¥x‚Š{%“�:

( Inference) ³ (Observation) x@{ (Experiment)  Š/ Ÿ�

:  8Ì]
8qªZzgg8- (i)

1»x@{ (ii)

(1) I

: 8!h4¨Õä
GG

]
Z̀â®)&̀�l

(2) I

:  Z�Z¹c*Z9àYõ
(Nickel **xC%“Åðh~lZgÃò±§Aõ

E
F

6,(Bunsen Flame) 6,á™Þ> Spatula)

°NX

(3) I

:  i5+k,~ÅYõ
ðh~lZg**xC%“ÃZJã"~á™ZkÅ

qgzfs&CÓÕä]~i5+k,~ŠB

0*ã (i)

Zp (ii)

§”{Îe*!*ð»g1,M²w (iii)

Îe*;àW‚à²w (iv)

²w~ HCl −c* (v)

(4) I

**¶zXKÅYõ: —b±:
Îe*AjyZÀZ–ZJã"~á™¯g~»g

H2SO4 ”{9kÜ²w5™¤/x™,Zzg%6

ÃZJã"ÃŠ-ZgzVÐW×ÐeZÑYñX

(5) I
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L¤/z\Å6ðYõÐÙ|#: II

: »g1**L¤/z\ÅYõ
ðh~lZg**xC%“~1gl

!3™)ÿ
G

ÆP¢}5N (Borsche's Reagent)

(1) II

_wÅYõ:
ðh~lZg**xC%“ZzgP¢}®~

Æ5ñYNX FeCl
3

(2) II

»g!*±hÓëF,Å̃Yõ:
**xC%“Åðh~ÏlZgZzgZk~§”{Îe*
!*ð»g1,M²w5c*YñX

(3) II

Z’ZðW}ÅYõ:
F,˜5c* HCl ðh~lZg**xC%“~−c*
²w~ NaOH YñZzgQZ™äÆQ̂}

#-£4-āð
EGFG

wÃ÷áï™,X -β i”{

(4) II

ZÈiÅYõ:
ðhZ‚**xC%“á™Zk~ÈÎe*ŠJ]

»•ZeZB

(5) II

§”ÏYõ
(Saturation Test)

"2.ç EGGÆ
!3™)ÿ

G
ÐYõ: (a)

(Test with Baeyers Reagent)

ZæM7N*ô6,$45»43ï GE
YEGHÆ²wÃ"2.ç EGG

!3™)ÿ
G

ë

ðhZ**xC%“ZJã"~³0*ã~i™ ÷
7N*ô6, 1% Bc*Z`y~i™BZzgZk~

¢{ (Baeyer Reagent) $45»43ï GE
Y

GEH²w"2.ç EGG
!3™)ÿ

G

/¢{eZBZzgZh§bhNZzgx@{™,X

(6) II
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',z}0*ãÆ‚BYõ: (b)

(Test With Bromine Water)

ðhZ‚**xC%“ZJã"~BZzgZk~
',z}0*ã»²w5NX

ZZàÅYõ:
ðh~lZg**xC%“á™Zk~k̂

5NZzg¤/xHYñX NaOH

(7) II

»g1;àg�ÅYõ:
(Molisch Test)  â×±

ðhZ‚**xC%“0*ã~i™BZzgZk~
²w5™ZJã (β-naphthol)

#-£4-āð
EGFG

w -β ZÈ́

F,ẽZB H2SO4 "ÅŠ-ZgzVÐ%6

(8) II

Šb‰**xC%“~'''L¤/z\ñ�ŠìXZkL¤/z\Å¤&qgzfsŠzŠ1V L¤/z\Åg7g^:

ÐÅYCìX

XYõ™Š{L¤/z\''''Å¤&: III

( Inference) ³ (Observation) x@{ (Experiment)  Š/ Ÿ�

(a)

(b)
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X¤&”{L¤/z\&**xC%“ÆaZq-ÃÅ»g~: IV

: (Report) g7g^ .V

________________________________________________________ L¤/z\%“ (i)

__________________________________________________ %“»`�l&$©�î EG
0Zâ®) (ii)

____________________________________________________ %“Å§”Ï (iii)

___________________________________________________ %“ÅâÎ (iv)

___________________________________________________ %“Æaw (v)

ìX ________________ ¾nZz6,Šg`”{}òÅãCŠ6,**xC%“
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: **¥x**xC‚Š{%“»Zßàn‹t   : Š/

___________________ **xC**¥x‚Š{%“�:

( Inference) ³ (Observation) x@{ (Experiment)  Š/ Ÿ�

:  8Ì]
8qªZzgg8- (i)

1»x@{ (ii)

(1) I

: 8!h4¨Õä
GG

]
Z̀â®)&̀�l

(2) I

:  Z�Z¹c*Z9àYõ
(Nickel **xC%“Åðh~lZgÃò±§Aõ

E
F

6,(Bunsen Flame) 6,á™Þ> Spatula)

°NX

(3) I

:  i5+k,~ÅYõ
ðh~lZg**xC%“ÃZJã"~á™ZkÅ

qgzfs&CÓÕä]~i5+k,~ŠB

0*ã (i)

Zp (ii)

§”{Îe*!*ð»g1,M²w (iii)

Îe*;àW‚à²w (iv)

²w~ HCl −c* (v)

(4) I

**¶zXKÅYõ: —b±:
Îe*AjyZÀZ–ZJã"~á™¯g~»g

H2SO4 ”{9kÜ²w5™¤/x™,Zzg%6

ÃZJã"ÃŠ-ZgzVÐW×ÐeZÑYñX

(5) I
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L¤/z\Å6ðYõÐÙ|#: II

: »g1**L¤/z\ÅYõ
ðh~lZg**xC%“~1gl

!3™)ÿ
G

ÆP¢}5N (Borsche's Reagent)

(1) II

_wÅYõ:
ðh~lZg**xC%“ZzgP¢}®~

Æ5ñYNX FeCl
3

(2) II

»g!*±hÓëF,Å̃Yõ:
**xC%“Åðh~ÏlZgZzgZk~§”{Îe*
!*ð»g1,M²w5c*YñX

(3) II

Z’ZðW}ÅYõ:
F,˜5c* HCl ðh~lZg**xC%“~−c*
²w~ NaOH YñZzgQZ™äÆQ̂}

#-£4-āð
EGFG

wÃ÷áï™,X -β i”{

(4) II

ZÈiÅYõ:
ðhZ‚**xC%“á™Zk~ÈÎe*ŠJ]

»•ZeZB

(5) II

§”ÏYõ
(Saturation Test)

"2.ç EGGÆ
!3™)ÿ

G
ÐYõ: (a)

(Test with Baeyers Reagent)

ZæM7N*ô6,$45»43ï GE
YEGHÆ²wÃ"2.ç EGG

!3™)ÿ
G

ë

ðhZ**xC%“ZJã"~³0*ã~i™ ÷
7N*ô6, 1% Bc*Z`y~i™BZzgZk~

¢{ (Baeyer Reagent) $45»43ï GE
Y

GEH²w"2.ç EGG
!3™)ÿ

G

/¢{eZBZzgZh§bhNZzgx@{™,X

(6) II
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',z}0*ãÆ‚BYõ: (b)

(Test With Bromine Water)

ðhZ‚**xC%“ZJã"~BZzgZk~
',z}0*ã»²w5NX

ZZàÅYõ:
ðh~lZg**xC%“á™Zk~k̂

5NZzg¤/xHYñX NaOH

(7) II

»g1;àg�ÅYõ:
(Molisch Test)  â×±

ðhZ‚**xC%“0*ã~i™BZzgZk~
²w5™ZJã (β-naphthol)

#-£4-āð
EGFG

w -β ZÈ́

F,ẽZB H2SO4 "ÅŠ-ZgzVÐ%6

(8) II

Šb‰**xC%“~'''L¤/z\ñ�ŠìXZkL¤/z\Å¤&qgzfsŠzŠ1V L¤/z\Åg7g^:

ÐÅYCìX

XYõ™Š{L¤/z\''''Å¤&: III

( Inference) ³ (Observation) x@{ (Experiment)  Š/ Ÿ�

(a)

(b)
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X¤&”{L¤/z\&**xC%“ÆaZq-ÃÅ»g~: IV

: (Report) g7g^ .V

________________________________________________________ L¤/z\%“ (i)

__________________________________________________ %“»`�l&$©�î EG
0Zâ®) (ii)

____________________________________________________ %“Å§”Ï (iii)

___________________________________________________ %“ÅâÎ (iv)

___________________________________________________ %“Æaw (v)

ìX ________________ ¾nZz6,Šg`”{}òÅãCŠ6,**xC%“
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: **¥x**xC‚Š{%“»Zßàn‹t   : Š/

___________________ **xC**¥x‚Š{%“�:

( Inference) ³ (Observation) x@{ (Experiment)  Š/ Ÿ�

:  8Ì]
8qªZzgg8- (i)

1»x@{ (ii)

(1) I

: 8!h4¨Õä
GG

]
Z̀â®)&̀�l

(2) I

:  Z�Z¹c*Z9àYõ
(Nickel **xC%“Åðh~lZgÃò±§Aõ

E
F

6,(Bunsen Flame) 6,á™Þ> Spatula)

°NX

(3) I

:  i5+k,~ÅYõ
ðh~lZg**xC%“ÃZJã"~á™ZkÅ

qgzfs&CÓÕä]~i5+k,~ŠB

0*ã (i)

Zp (ii)

§”{Îe*!*ð»g1,M²w (iii)

Îe*;àW‚à²w (iv)

²w~ HCl −c* (v)

(4) I

**¶zXKÅYõ: —b±:
Îe*AjyZÀZ–ZJã"~á™¯g~»g

H2SO4 ”{9kÜ²w5™¤/x™,Zzg%6

ÃZJã"ÃŠ-ZgzVÐW×ÐeZÑYñX

(5) I
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L¤/z\Å6ðYõÐÙ|#: II

: »g1**L¤/z\ÅYõ
ðh~lZg**xC%“~1gl

!3™)ÿ
G

ÆP¢}5N (Borsche's Reagent)

(1) II

_wÅYõ:
ðh~lZg**xC%“ZzgP¢}®~

Æ5ñYNX FeCl
3

(2) II

»g!*±hÓëF,Å̃Yõ:
**xC%“Åðh~ÏlZgZzgZk~§”{Îe*
!*ð»g1,M²w5c*YñX

(3) II

Z’ZðW}ÅYõ:
F,˜5c* HCl ðh~lZg**xC%“~−c*
²w~ NaOH YñZzgQZ™äÆQ̂}

#-£4-āð
EGFG

wÃ÷áï™,X -β i”{

(4) II

ZÈiÅYõ:
ðhZ‚**xC%“á™Zk~ÈÎe*ŠJ]

»•ZeZB

(5) II

§”ÏYõ
(Saturation Test)

"2.ç EGGÆ
!3™)ÿ

G
ÐYõ: (a)

(Test with Baeyers Reagent)

ZæM7N*ô6,$45»43ï GE
YEGHÆ²wÃ"2.ç EGG

!3™)ÿ
G

ë

ðhZ**xC%“ZJã"~³0*ã~i™ ÷
7N*ô6, 1% Bc*Z`y~i™BZzgZk~

¢{ (Baeyer Reagent) $45»43ï GE
Y

GEH²w"2.ç EGG
!3™)ÿ

G

/¢{eZBZzgZh§bhNZzgx@{™,X

(6) II
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',z}0*ãÆ‚BYõ: (b)

(Test With Bromine Water)

ðhZ‚**xC%“ZJã"~BZzgZk~
',z}0*ã»²w5NX

ZZàÅYõ:
ðh~lZg**xC%“á™Zk~k̂

5NZzg¤/xHYñX NaOH

(7) II

»g1;àg�ÅYõ:
(Molisch Test)  â×±

ðhZ‚**xC%“0*ã~i™BZzgZk~
²w5™ZJã (β-naphthol)

#-£4-āð
EGFG

w -β ZÈ́

F,ẽZB H2SO4 "ÅŠ-ZgzVÐ%6

(8) II

Šb‰**xC%“~'''L¤/z\ñ�ŠìXZkL¤/z\Å¤&qgzfsŠzŠ1V L¤/z\Åg7g^:

ÐÅYCìX

XYõ™Š{L¤/z\''''Å¤&: III

( Inference) ³ (Observation) x@{ (Experiment)  Š/ Ÿ�

(a)

(b)
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X¤&”{L¤/z\&**xC%“ÆaZq-ÃÅ»g~: IV

: (Report) g7g^ .V

________________________________________________________ L¤/z\%“ (i)

__________________________________________________ %“»`�l&$©�î EG
0Zâ®) (ii)

____________________________________________________ %“Å§”Ï (iii)

___________________________________________________ %“ÅâÎ (iv)

___________________________________________________ %“Æaw (v)

ìX ________________ ¾nZz6,Šg`”{}òÅãCŠ6,**xC%“
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: **¥x**xC‚Š{%“»Zßàn‹t   : Š/

___________________ **xC**¥x‚Š{%“�:

( Inference) ³ (Observation) x@{ (Experiment)  Š/ Ÿ�

:  8Ì]
8qªZzgg8- (i)

1»x@{ (ii)

(1) I

: 8!h4¨Õä
GG

]
Z̀â®)&̀�l

(2) I

:  Z�Z¹c*Z9àYõ
(Nickel **xC%“Åðh~lZgÃò±§Aõ

E
F

6,(Bunsen Flame) 6,á™Þ> Spatula)

°NX

(3) I

:  i5+k,~ÅYõ
ðh~lZg**xC%“ÃZJã"~á™ZkÅ

qgzfs&CÓÕä]~i5+k,~ŠB

0*ã (i)

Zp (ii)

§”{Îe*!*ð»g1,M²w (iii)

Îe*;àW‚à²w (iv)

²w~ HCl −c* (v)

(4) I

**¶zXKÅYõ: —b±:
Îe*AjyZÀZ–ZJã"~á™¯g~»g

H2SO4 ”{9kÜ²w5™¤/x™,Zzg%6

ÃZJã"ÃŠ-ZgzVÐW×ÐeZÑYñX

(5) I
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L¤/z\Å6ðYõÐÙ|#: II

: »g1**L¤/z\ÅYõ
ðh~lZg**xC%“~1gl

!3™)ÿ
G

ÆP¢}5N (Borsche's Reagent)

(1) II

_wÅYõ:
ðh~lZg**xC%“ZzgP¢}®~

Æ5ñYNX FeCl
3

(2) II

»g!*±hÓëF,Å̃Yõ:
**xC%“Åðh~ÏlZgZzgZk~§”{Îe*
!*ð»g1,M²w5c*YñX

(3) II

Z’ZðW}ÅYõ:
F,˜5c* HCl ðh~lZg**xC%“~−c*
²w~ NaOH YñZzgQZ™äÆQ̂}

#-£4-āð
EGFG

wÃ÷áï™,X -β i”{

(4) II

ZÈiÅYõ:
ðhZ‚**xC%“á™Zk~ÈÎe*ŠJ]

»•ZeZB

(5) II

§”ÏYõ
(Saturation Test)

"2.ç EGGÆ
!3™)ÿ

G
ÐYõ: (a)

(Test with Baeyers Reagent)

ZæM7N*ô6,$45»43ï GE
YEGHÆ²wÃ"2.ç EGG

!3™)ÿ
G

ë

ðhZ**xC%“ZJã"~³0*ã~i™ ÷
7N*ô6, 1% Bc*Z`y~i™BZzgZk~

¢{ (Baeyer Reagent) $45»43ï GE
Y

GEH²w"2.ç EGG
!3™)ÿ

G

/¢{eZBZzgZh§bhNZzgx@{™,X

(6) II
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',z}0*ãÆ‚BYõ: (b)

(Test With Bromine Water)

ðhZ‚**xC%“ZJã"~BZzgZk~
',z}0*ã»²w5NX

ZZàÅYõ:
ðh~lZg**xC%“á™Zk~k̂

5NZzg¤/xHYñX NaOH

(7) II

»g1;àg�ÅYõ:
(Molisch Test)  â×±

ðhZ‚**xC%“0*ã~i™BZzgZk~
²w5™ZJã (β-naphthol)

#-£4-āð
EGFG

w -β ZÈ́

F,ẽZB H2SO4 "ÅŠ-ZgzVÐ%6

(8) II

Šb‰**xC%“~'''L¤/z\ñ�ŠìXZkL¤/z\Å¤&qgzfsŠzŠ1V L¤/z\Åg7g^:

ÐÅYCìX

XYõ™Š{L¤/z\''''Å¤&: III

( Inference) ³ (Observation) x@{ (Experiment)  Š/ Ÿ�

(a)

(b)
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X¤&”{L¤/z\&**xC%“ÆaZq-ÃÅ»g~: IV

: (Report) g7g^ .V

________________________________________________________ L¤/z\%“ (i)

__________________________________________________ %“»`�l&$©�î EG
0Zâ®) (ii)

____________________________________________________ %“Å§”Ï (iii)

___________________________________________________ %“ÅâÎ (iv)

___________________________________________________ %“Æaw (v)

ìX ________________ ¾nZz6,Šg`”{}òÅãCŠ6,**xC%“
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: **¥x**xC‚Š{%“»Zßàn‹t   : Š/

___________________ **xC**¥x‚Š{%“�:

( Inference) ³ (Observation) x@{ (Experiment)  Š/ Ÿ�

:  8Ì]
8qªZzgg8- (i)

1»x@{ (ii)

(1) I

: 8!h4¨Õä
GG

]
Z̀â®)&̀�l

(2) I

:  Z�Z¹c*Z9àYõ
(Nickel **xC%“Åðh~lZgÃò±§Aõ

E
F

6,(Bunsen Flame) 6,á™Þ> Spatula)

°NX

(3) I

:  i5+k,~ÅYõ
ðh~lZg**xC%“ÃZJã"~á™ZkÅ

qgzfs&CÓÕä]~i5+k,~ŠB

0*ã (i)

Zp (ii)

§”{Îe*!*ð»g1,M²w (iii)

Îe*;àW‚à²w (iv)

²w~ HCl −c* (v)

(4) I

**¶zXKÅYõ: —b±:
Îe*AjyZÀZ–ZJã"~á™¯g~»g

H2SO4 ”{9kÜ²w5™¤/x™,Zzg%6

ÃZJã"ÃŠ-ZgzVÐW×ÐeZÑYñX

(5) I
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L¤/z\Å6ðYõÐÙ|#: II

: »g1**L¤/z\ÅYõ
ðh~lZg**xC%“~1gl

!3™)ÿ
G

ÆP¢}5N (Borsche's Reagent)

(1) II

_wÅYõ:
ðh~lZg**xC%“ZzgP¢}®~

Æ5ñYNX FeCl
3

(2) II

»g!*±hÓëF,Å̃Yõ:
**xC%“Åðh~ÏlZgZzgZk~§”{Îe*
!*ð»g1,M²w5c*YñX

(3) II

Z’ZðW}ÅYõ:
F,˜5c* HCl ðh~lZg**xC%“~−c*
²w~ NaOH YñZzgQZ™äÆQ̂}

#-£4-āð
EGFG

wÃ÷áï™,X -β i”{

(4) II

ZÈiÅYõ:
ðhZ‚**xC%“á™Zk~ÈÎe*ŠJ]

»•ZeZB

(5) II

§”ÏYõ
(Saturation Test)

"2.ç EGGÆ
!3™)ÿ

G
ÐYõ: (a)

(Test with Baeyers Reagent)

ZæM7N*ô6,$45»43ï GE
YEGHÆ²wÃ"2.ç EGG

!3™)ÿ
G

ë

ðhZ**xC%“ZJã"~³0*ã~i™ ÷
7N*ô6, 1% Bc*Z`y~i™BZzgZk~

¢{ (Baeyer Reagent) $45»43ï GE
Y

GEH²w"2.ç EGG
!3™)ÿ

G

/¢{eZBZzgZh§bhNZzgx@{™,X

(6) II
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',z}0*ãÆ‚BYõ: (b)

(Test With Bromine Water)

ðhZ‚**xC%“ZJã"~BZzgZk~
',z}0*ã»²w5NX

ZZàÅYõ:
ðh~lZg**xC%“á™Zk~k̂

5NZzg¤/xHYñX NaOH

(7) II

»g1;àg�ÅYõ:
(Molisch Test)  â×±

ðhZ‚**xC%“0*ã~i™BZzgZk~
²w5™ZJã (β-naphthol)

#-£4-āð
EGFG

w -β ZÈ́

F,ẽZB H2SO4 "ÅŠ-ZgzVÐ%6

(8) II

Šb‰**xC%“~'''L¤/z\ñ�ŠìXZkL¤/z\Å¤&qgzfsŠzŠ1V L¤/z\Åg7g^:

ÐÅYCìX

XYõ™Š{L¤/z\''''Å¤&: III

( Inference) ³ (Observation) x@{ (Experiment)  Š/ Ÿ�

(a)

(b)
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X¤&”{L¤/z\&**xC%“ÆaZq-ÃÅ»g~: IV

: (Report) g7g^ .V

________________________________________________________ L¤/z\%“ (i)

__________________________________________________ %“»`�l&$©�î EG
0Zâ®) (ii)

____________________________________________________ %“Å§”Ï (iii)

___________________________________________________ %“ÅâÎ (iv)

___________________________________________________ %“Æaw (v)

ìX ________________ ¾nZz6,Šg`”{}òÅãCŠ6,**xC%“
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: **¥x**xC‚Š{%“»Zßàn‹t   : Š/

___________________ **xC**¥x‚Š{%“�:

( Inference) ³ (Observation) x@{ (Experiment)  Š/ Ÿ�

:  8Ì]
8qªZzgg8- (i)

1»x@{ (ii)

(1) I

: 8!h4¨Õä
GG

]
Z̀â®)&̀�l

(2) I

:  Z�Z¹c*Z9àYõ
(Nickel **xC%“Åðh~lZgÃò±§Aõ

E
F

6,(Bunsen Flame) 6,á™Þ> Spatula)

°NX

(3) I

:  i5+k,~ÅYõ
ðh~lZg**xC%“ÃZJã"~á™ZkÅ

qgzfs&CÓÕä]~i5+k,~ŠB

0*ã (i)

Zp (ii)

§”{Îe*!*ð»g1,M²w (iii)

Îe*;àW‚à²w (iv)

²w~ HCl −c* (v)

(4) I

**¶zXKÅYõ: —b±:
Îe*AjyZÀZ–ZJã"~á™¯g~»g

H2SO4 ”{9kÜ²w5™¤/x™,Zzg%6

ÃZJã"ÃŠ-ZgzVÐW×ÐeZÑYñX

(5) I
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L¤/z\Å6ðYõÐÙ|#: II

: »g1**L¤/z\ÅYõ
ðh~lZg**xC%“~1gl

!3™)ÿ
G

ÆP¢}5N (Borsche's Reagent)

(1) II

_wÅYõ:
ðh~lZg**xC%“ZzgP¢}®~

Æ5ñYNX FeCl
3

(2) II

»g!*±hÓëF,Å̃Yõ:
**xC%“Åðh~ÏlZgZzgZk~§”{Îe*
!*ð»g1,M²w5c*YñX

(3) II

Z’ZðW}ÅYõ:
F,˜5c* HCl ðh~lZg**xC%“~−c*
²w~ NaOH YñZzgQZ™äÆQ̂}

#-£4-āð
EGFG

wÃ÷áï™,X -β i”{

(4) II

ZÈiÅYõ:
ðhZ‚**xC%“á™Zk~ÈÎe*ŠJ]

»•ZeZB

(5) II

§”ÏYõ
(Saturation Test)

"2.ç EGGÆ
!3™)ÿ

G
ÐYõ: (a)

(Test with Baeyers Reagent)

ZæM7N*ô6,$45»43ï GE
YEGHÆ²wÃ"2.ç EGG

!3™)ÿ
G

ë

ðhZ**xC%“ZJã"~³0*ã~i™ ÷
7N*ô6, 1% Bc*Z`y~i™BZzgZk~

¢{ (Baeyer Reagent) $45»43ï GE
Y

GEH²w"2.ç EGG
!3™)ÿ

G

/¢{eZBZzgZh§bhNZzgx@{™,X

(6) II
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',z}0*ãÆ‚BYõ: (b)

(Test With Bromine Water)

ðhZ‚**xC%“ZJã"~BZzgZk~
',z}0*ã»²w5NX

ZZàÅYõ:
ðh~lZg**xC%“á™Zk~k̂

5NZzg¤/xHYñX NaOH

(7) II

»g1;àg�ÅYõ:
(Molisch Test)  â×±

ðhZ‚**xC%“0*ã~i™BZzgZk~
²w5™ZJã (β-naphthol)

#-£4-āð
EGFG

w -β ZÈ́

F,ẽZB H2SO4 "ÅŠ-ZgzVÐ%6

(8) II

Šb‰**xC%“~'''L¤/z\ñ�ŠìXZkL¤/z\Å¤&qgzfsŠzŠ1V L¤/z\Åg7g^:

ÐÅYCìX

XYõ™Š{L¤/z\''''Å¤&: III

( Inference) ³ (Observation) x@{ (Experiment)  Š/ Ÿ�

(a)

(b)
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X¤&”{L¤/z\&**xC%“ÆaZq-ÃÅ»g~: IV

: (Report) g7g^ .V

________________________________________________________ L¤/z\%“ (i)

__________________________________________________ %“»`�l&$©�î EG
0Zâ®) (ii)

____________________________________________________ %“Å§”Ï (iii)

___________________________________________________ %“ÅâÎ (iv)

___________________________________________________ %“Æaw (v)

ìX ________________ ¾nZz6,Šg`”{}òÅãCŠ6,**xC%“
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: **¥x**xC‚Š{%“»Zßàn‹t   : Š/

___________________ **xC**¥x‚Š{%“�:

( Inference) ³ (Observation) x@{ (Experiment)  Š/ Ÿ�

:  8Ì]
8qªZzgg8- (i)

1»x@{ (ii)

(1) I

: 8!h4¨Õä
GG

]
Z̀â®)&̀�l

(2) I

:  Z�Z¹c*Z9àYõ
(Nickel **xC%“Åðh~lZgÃò±§Aõ

E
F

6,(Bunsen Flame) 6,á™Þ> Spatula)

°NX

(3) I

:  i5+k,~ÅYõ
ðh~lZg**xC%“ÃZJã"~á™ZkÅ

qgzfs&CÓÕä]~i5+k,~ŠB

0*ã (i)

Zp (ii)

§”{Îe*!*ð»g1,M²w (iii)

Îe*;àW‚à²w (iv)

²w~ HCl −c* (v)

(4) I

**¶zXKÅYõ: —b±:
Îe*AjyZÀZ–ZJã"~á™¯g~»g

H2SO4 ”{9kÜ²w5™¤/x™,Zzg%6

ÃZJã"ÃŠ-ZgzVÐW×ÐeZÑYñX

(5) I
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L¤/z\Å6ðYõÐÙ|#: II

: »g1**L¤/z\ÅYõ
ðh~lZg**xC%“~1gl

!3™)ÿ
G

ÆP¢}5N (Borsche's Reagent)

(1) II

_wÅYõ:
ðh~lZg**xC%“ZzgP¢}®~

Æ5ñYNX FeCl
3

(2) II

»g!*±hÓëF,Å̃Yõ:
**xC%“Åðh~ÏlZgZzgZk~§”{Îe*
!*ð»g1,M²w5c*YñX

(3) II

Z’ZðW}ÅYõ:
F,˜5c* HCl ðh~lZg**xC%“~−c*
²w~ NaOH YñZzgQZ™äÆQ̂}

#-£4-āð
EGFG

wÃ÷áï™,X -β i”{

(4) II

ZÈiÅYõ:
ðhZ‚**xC%“á™Zk~ÈÎe*ŠJ]

»•ZeZB

(5) II

§”ÏYõ
(Saturation Test)

"2.ç EGGÆ
!3™)ÿ

G
ÐYõ: (a)

(Test with Baeyers Reagent)

ZæM7N*ô6,$45»43ï GE
YEGHÆ²wÃ"2.ç EGG

!3™)ÿ
G

ë

ðhZ**xC%“ZJã"~³0*ã~i™ ÷
7N*ô6, 1% Bc*Z`y~i™BZzgZk~

¢{ (Baeyer Reagent) $45»43ï GE
Y

GEH²w"2.ç EGG
!3™)ÿ

G

/¢{eZBZzgZh§bhNZzgx@{™,X

(6) II
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',z}0*ãÆ‚BYõ: (b)

(Test With Bromine Water)

ðhZ‚**xC%“ZJã"~BZzgZk~
',z}0*ã»²w5NX

ZZàÅYõ:
ðh~lZg**xC%“á™Zk~k̂

5NZzg¤/xHYñX NaOH

(7) II

»g1;àg�ÅYõ:
(Molisch Test)  â×±

ðhZ‚**xC%“0*ã~i™BZzgZk~
²w5™ZJã (β-naphthol)

#-£4-āð
EGFG

w -β ZÈ́

F,ẽZB H2SO4 "ÅŠ-ZgzVÐ%6

(8) II

Šb‰**xC%“~'''L¤/z\ñ�ŠìXZkL¤/z\Å¤&qgzfsŠzŠ1V L¤/z\Åg7g^:

ÐÅYCìX

XYõ™Š{L¤/z\''''Å¤&: III

( Inference) ³ (Observation) x@{ (Experiment)  Š/ Ÿ�

(a)

(b)
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X¤&”{L¤/z\&**xC%“ÆaZq-ÃÅ»g~: IV

: (Report) g7g^ .V

________________________________________________________ L¤/z\%“ (i)

__________________________________________________ %“»`�l&$©�î EG
0Zâ®) (ii)

____________________________________________________ %“Å§”Ï (iii)

___________________________________________________ %“ÅâÎ (iv)

___________________________________________________ %“Æaw (v)

ìX ________________ ¾nZz6,Šg`”{}òÅãCŠ6,**xC%“

296



: **¥x**xC‚Š{%“»Zßàn‹t   : Š/

___________________ **xC**¥x‚Š{%“�:

( Inference) ³ (Observation) x@{ (Experiment)  Š/ Ÿ�

:  8Ì]
8qªZzgg8- (i)

1»x@{ (ii)

(1) I

: 8!h4¨Õä
GG

]
Z̀â®)&̀�l

(2) I

:  Z�Z¹c*Z9àYõ
(Nickel **xC%“Åðh~lZgÃò±§Aõ

E
F

6,(Bunsen Flame) 6,á™Þ> Spatula)

°NX

(3) I

:  i5+k,~ÅYõ
ðh~lZg**xC%“ÃZJã"~á™ZkÅ

qgzfs&CÓÕä]~i5+k,~ŠB

0*ã (i)

Zp (ii)

§”{Îe*!*ð»g1,M²w (iii)

Îe*;àW‚à²w (iv)

²w~ HCl −c* (v)

(4) I

**¶zXKÅYõ: —b±:
Îe*AjyZÀZ–ZJã"~á™¯g~»g

H2SO4 ”{9kÜ²w5™¤/x™,Zzg%6

ÃZJã"ÃŠ-ZgzVÐW×ÐeZÑYñX

(5) I
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L¤/z\Å6ðYõÐÙ|#: II

: »g1**L¤/z\ÅYõ
ðh~lZg**xC%“~1gl

!3™)ÿ
G

ÆP¢}5N (Borsche's Reagent)

(1) II

_wÅYõ:
ðh~lZg**xC%“ZzgP¢}®~

Æ5ñYNX FeCl
3

(2) II

»g!*±hÓëF,Å̃Yõ:
**xC%“Åðh~ÏlZgZzgZk~§”{Îe*
!*ð»g1,M²w5c*YñX

(3) II

Z’ZðW}ÅYõ:
F,˜5c* HCl ðh~lZg**xC%“~−c*
²w~ NaOH YñZzgQZ™äÆQ̂}

#-£4-āð
EGFG

wÃ÷áï™,X -β i”{

(4) II

ZÈiÅYõ:
ðhZ‚**xC%“á™Zk~ÈÎe*ŠJ]

»•ZeZB

(5) II

§”ÏYõ
(Saturation Test)

"2.ç EGGÆ
!3™)ÿ

G
ÐYõ: (a)

(Test with Baeyers Reagent)

ZæM7N*ô6,$45»43ï GE
YEGHÆ²wÃ"2.ç EGG

!3™)ÿ
G

ë

ðhZ**xC%“ZJã"~³0*ã~i™ ÷
7N*ô6, 1% Bc*Z`y~i™BZzgZk~

¢{ (Baeyer Reagent) $45»43ï GE
Y

GEH²w"2.ç EGG
!3™)ÿ

G

/¢{eZBZzgZh§bhNZzgx@{™,X

(6) II
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',z}0*ãÆ‚BYõ: (b)

(Test With Bromine Water)

ðhZ‚**xC%“ZJã"~BZzgZk~
',z}0*ã»²w5NX

ZZàÅYõ:
ðh~lZg**xC%“á™Zk~k̂

5NZzg¤/xHYñX NaOH

(7) II

»g1;àg�ÅYõ:
(Molisch Test)  â×±

ðhZ‚**xC%“0*ã~i™BZzgZk~
²w5™ZJã (β-naphthol)

#-£4-āð
EGFG

w -β ZÈ́

F,ẽZB H2SO4 "ÅŠ-ZgzVÐ%6

(8) II

Šb‰**xC%“~'''L¤/z\ñ�ŠìXZkL¤/z\Å¤&qgzfsŠzŠ1V L¤/z\Åg7g^:

ÐÅYCìX

XYõ™Š{L¤/z\''''Å¤&: III

( Inference) ³ (Observation) x@{ (Experiment)  Š/ Ÿ�

(a)

(b)
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X¤&”{L¤/z\&**xC%“ÆaZq-ÃÅ»g~: IV

: (Report) g7g^ .V

________________________________________________________ L¤/z\%“ (i)

__________________________________________________ %“»`�l&$©�î EG
0Zâ®) (ii)

____________________________________________________ %“Å§”Ï (iii)

___________________________________________________ %“ÅâÎ (iv)

___________________________________________________ %“Æaw (v)

ìX ________________ ¾nZz6,Šg`”{}òÅãCŠ6,**xC%“
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(Some Important Organic Chemical Reactions) PZë**xC6ð¬5]
Sodium Fusion Test : 

The halogens, nitrogen, and sulfur covalently bonded in the organic compounds are

converted to various sodium salts and ionic compounds formed during the fusion. 

Typically proposed reactions are:

The fate of the hydrocarbon portion of the sample is disregarded.

The aqueous extract is called sodium fusion extract or Lassaigne's extract.

Baeyers Reagent : 

Bromine Water Test for Unsaturation :

Bromine Water Test for Phenol :
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Bromine Water Test for Aniline :

Borsche Test :

Ferric (III) Chloride Test (Violet Colour) :

Carboxylic Acid Test :

Azo Dey Test :
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Molisch Test :

Tollens' Test for Benzaldehyde :

Fehling's Test for Glucose :
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Liebermann Test :

Ester Formation of Carboxylic Acids :

Phenolphthalein Test :
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Carbyl Amine  Test :

///
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18 Z»ð
(Prepration of Aspirin)  Z$n.ç GF+Å»g~ ●

(Preparation of Picric Acid)   āuF,Å̃»g~ ●
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XZ$n.ç GF+Å»g~ 18 Z»ð
(Prepration of Aspirin)  

Z»ðÆZbZ

(Aim) Ñ

 Z¾Zn

qÝŠ/
(Chemical Apparatus) 6ðWÑ]þ

(Chemical Substances) 6ðZâY

(Principle) Zßw

(Chemical Reactions) 6ð¬5]

»g~»§i¿
(Report) g7g^

(Precautions) Zôo

Ñ

»g™**ìX (Aspirin) Š/{:~Z$n.ç GF+

Z¾Zn
(Pain Killer) Ãì�¬xîg6,Zq-ŠgŠ¿ (Acetyl) »Z$k5é GHL (Salicylic Acid) Z$n.ç GF+‚É4hÓë GF,˜

ŠzZÆîg6,ZEwƒCìXZ$n.ç GF+Ã¬xîg6,uŠgŠÔŠZ-$ŠgŠÔuŠ~zi»xÔWCc*]V~ŠgŠÔŠwÆŠzg{ÅgzuåxÆ

nZEwHY@*ìX

qÝŠ/
¬ï6,ZW,g1zZá£/ o-Acylation Z$n.ç GF+Æ”wÆŠ̂"ÆZ!x6,¤̈DZk‡.ÞƒfX

¬5]Æn£/qpV~�Ût»ZqÐiÌ™Ã o-Acylation Zzg N-Acylation qpVÃ™ÃÐXZzg
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ÐXZ$n.ç GF+Å»g~ÆŠzgZyzZµƒäzZá**xC¬ïÅâÎÃÌ9ŒÃÐX

(Chemical Apparatus)þ 6ðWÑ]
(Dry Beaker of 100 ml) B{»Èkg{ 100 (i)

(Dry Test Tube) ÈZJã" (ii)

(Measuring Cylinder) Z2Zãe: (iii)

(Glass Rod) hÅsc (iv)

(Chemical Substances) 6ðZâY
(5 gm Salicylic acid) ¤/Zx]Ó4hÓë GF,˜ 5 (i)

(10 ml Acetic Anhydride) B{Z$h45ë GGHZ+ŒàgZà 10  (ii)

(1 ml Conc Sulphuric Acid) Zq-B{%6ËguF,˜ (iii)

(Principle) Zßw
ÆŠgxy6ð¬ïƒ@*ì (Acetic Anhydride) ZzgZ$k5ë GHZ+;àgZà (Salicylic Acid) ‚É4hÓë GF,˜

¤/z\»Z‚"5Ó4jè
JGGIE OH P¢zVÅñ�ŠÏ~ZzgZkŠzgZy‚É4k5Óë GGF,˜~ñ�Š (Cone. H2SO4) %6ËguF,˜

ë÷X (Asprin) »gƒ@*ì&Z4+ (Acetyl Salicylic Acid) µƒ@*ìZzgZ$k5é GHb(É4k5ë GGF,˜ zZ (Acylation)

(Chemical Reactions) 6ð¬5]
øDfs6ð¬ïÃF,KMÆ‚BCc*ŠHìX

»g~»§i¿
B{Z]45ëGH 15 BXZk~ (Salicylic Acid) ¤/Zx(É4k5Óë GGF,˜ 5~(Beaker) B{kg{ 100 Zq-È

(Glass ÆeZBXhÅsc (Con.H2SO4) eZw™Šz¢}%6ËguF,˜ (Acetic Anhydride) Z#-<é GEXàgZà
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~ñ�ŠZâYÃp[hNXZÏÆẐyÓxZâYÃZq-Z,Ù~v™Š, (Beaker) 4J-kg{ 30 Æfg= Rod)

Æ(Buchner Funnel) B{0*ãñ�ŠƒXZq-Ĉk—‘ÑB5å WG{ƒDƒñÃW¨X
+C4lç
EEE

° 100 T~¬„Ð
Z#-£é GGLZÈiÆ‚B¿HîŠCÙZNX 50% fg=̂kÃïZÆfg=‘ÑB5å WG{™BZzg0*ãÆ‚B!*g!*gŠðBXZkÆˆ

qÝ”{%“ÅlZgZzg̀Zâ®)¥x™,Zzgâ^™BX

(Report) g7ĝ
qÝ”{{Ø%“ÅlZg'''¤/Zx (i)

o
C qÝ”{{Ø%“ÅZ̀â®)''' (ii)

(Precautions) ZôïD+ZÛ
F,ẽZBX H2SO4 Zk!*]»{mìwgOZzgZôo','ākg{ÈgìZzg¬ïÃå™äÆnŠz¢}%6

///
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āuF,Å̃»g~
(Preparation of Picric Acid)

Z»ðÆZbZ

(Aim) Ñ

 Z¾Zn

qÝŠ/
(Chemicl Apparatus) 6ðWÑ]

 (Chemical Substances) 6ðZâY

(Principle) Zßw

(Procedure) »g~»§i¿
(Report) g7g^

(Precautions) ZôïD+ZÛ

(Aim) Ñ

(2 ,4 ,6-Trin itro R,Zð**¶z_w 6,4 ,2 �6ðîg6, (P icr ic  Acid) Š/{:~āuF,˜

ƒ@*ìóÃ»g™**ìX phenol)

 Z¾Zn
(Trinitro ZŒÃZEw™DƒñR,Zð**¶z_w HNO3 ZŒZzg%6 H2SO4 %6 (Phenol) _w

»g™**ìTÃāuZŒë÷X phenol)

qÝŠ/
ZkŠ"Æ”wÆˆ¤̈DŠ"ÆZ!x6,Zk‡.ÞƒYNÐā**xC%·]~ā»**

¬ï¾§b¿~Ñc*Y@*ìX  (Nitration) Zzg**¶Z** (Sulphonation)
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(Chemicl Apparatus) 6ðWÑ]
(100 ml Round Bottom Flask) B{»™z~©{zZàÜZk 100 (i)

(Hot Water Bath) ¤/x682.ç
E

EG
(ii)

(250 ml Round Bottom Flask) B{™z~©{zZàÜZk 250 (iii)

(Thermometer) Še (iv)

(Dropping Funnel) egZ’° (v)

 (Chemical Substances) 6ðZâY
 (10 gm of Phenol) ¤/Zx_w 10 (i)

 (11.5 ml Conc H2SO4 Acid) B{%6ËguF,˜ 11.5 (ii)

 (34 ml Nitric Acid) B{**¶uF,˜ 34 (iii)

(Principle) Zßw
F,Ã̃Zq-Íwc*™z~©{#‹c*ÜZk~¤/x™ä6,¬ïƒ@*ìZzg_weZð H2SO4 Zzg%6 (Phenol) _w

qÝƒ@*ìZkqÝ”{ā7-F,Ã̃Zq-Šzu}#‹~T~%6 (Phenol Disulphonic acid) ā7-F,˜

ƒ@*ì¢{/¢{vHY@*ìXwZg]{g`ƒCìXQZHY@*ìÂigŠNāu (Conc. Nitric acid) **¶uF,˜

ZeÅSe{ƒCìXTÃŠz!*g{¿HîÆfg=$ÅYCìZzgZk»Z̀â®)Zzg{ØāuZŒÅqÝ™Š{
lZg¥xÅYCìXigŠN—R,Zð**¶_wqÝƒCìTÃāuF,¹̃Y@*ìX

(Chemical Reactions) 6ð¬5]
āuZŒÅ»g~~øDfsªCÙ™Š{6ð¬5]F,KMÆ‚BƒD÷X

(Procedure) »g~»§i¿
1YñXZk (Conc.H2SO4) B{%6ËguF,˜ 11.5 B{™z~c*Íw©{zZàÜZkc*#‹~ 100
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6,¤/xHYñc*WiZŠ>6,¤/xH (Hot Water Bath) ¤/Zx_w5c*YñXqÝ”{Wö}Ã¤/x682.ç
E

EG
10 ~½ã

Ðic*Š{:ƒä0*ñXZk¬BWö}ª_weZðā7-F,z̃Zá 100
o
C YñXZÏ§b¤/xHYc*āWö}ÅŠ

B{Íw©{zZÑ#‹ 250 #‹Ã½ãGg{4J-ZkŠ6,',ŒÛZggOZzgQQZ™,X‚B„‚BZkŠzgZyZq-

eZw™Zk#‹Ã',szZá0*ã~QZ™BZkÆˆ (Conc.Nitric acid) B{%6**¶uF,˜ 34 BZzgZk~
»gƒZìZkÃW×W×eZg’° (Phenol Disulphonic acid) �¬zZá#‹~_weZðā7-F,˜

Æfg=¢{/¢{**¶uF,z̃Zá#‹~xhDƒñv™,XZkŠzgZywZg]aZ (Dropping Funnel)

Ðic*Š{(,":Š,XZ#t¬ïZq-uJ-ƒŠHƒÂ�¬ï”{qÝZâY 60oCc*50oC ƒÏX1/¢zg~ìāŠÃ

6,Šz[RVJ-¤/x™,XZ#tQZHY (Boiling Hot water bath) #‹~ñ�Š÷Z7¤/x�h0*ãÆ682.ç
E

EG

B{0*ã~−c*YñZzgQZkÅZÅ 500 Se{ƒÏXZkqÝ™Š{âùÃ (Crystalline yellow) ¨ÂigŠN
Å (HCl acid) YñXqÝ”{—ÃQ}0*ã~Zh§bŠð1YñX!*syZkÃðh~lZg;àgz³guF,˜

HYñZkÆQ̂Zƒä6,4+NigŠÎ&43ð JGGVÜ (Recrystalization) ñ�ŠÏ~�h¤/x0*ãÐŠz!*g{¿Hî
TÃ¿Z~Æfg=e{HY@*ìZzgÈ¯c*Y@*ìXWy~Zk (Picric acid) —qÝƒÏZzg¸ìāuZŒ

±hëIk̂āuZŒ»Z̀â®)ZzgqÝ™Š{{ØāuF,Å̃lZg¥x™Æ³g7g^HY@*ìX

(Report) g7ĝ
121

o
C = qÝ™Š{āuF,»̃Z̀â®) (i)

¤/Zx 15(Yield) qÝ™Š{āuF,Å̃lZg (ii)

(Precautions) ZôïD+ZÛ
6,¤/äÐ¡CkƒCì (Skin) _wÆZEw~Zôï','Zzg{mìwgOYVā_w¢ (i)

Zzgt¢Ãvyà@*ìX
F,˜ÆZEw~Ì»°ZôoÐg÷X HNO3 F,Z̃zg%6 H2SO4 %6 (ii)

///
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19 Z»ð
(Purification of Organic Compounds) **xC%·]Å$ ●

(Distillation) ¿> ●

(Crystallization) ¿Hî ●

313



X¿> 19 Z»ð
(Distillation)

Z»ðÆZbZ
Ñ

Z¾Zn

ZEwƒäzZáWÑ]

(Chemical Solutions) 6ðZâY

(Principle) Zßw

§i¿
(Precautions) ZôïD+ZÛ

(Report)  ³c*g7g^

(Aim) Ñ

 Å$»¿> (Impure Liquid  Organic  Compound) ){Øc*{xâù**xC%“
»§i¿X (Distillation

Z¾Zn
**xC%·]ÆZk§i¿>Ã7,"IZzgŠ/™äÆˆ¥Zk‡.ÞƒYNÐāZq-{xc*){Ø

âù**xC%“Å$¿>Æfg=¾§bÅY$ËìX

ZEwƒäzZáWÑ]
(250 ml Round Bottom Tank) B{Íw©{zZàÜZkc*#‹ 250 (i)

(Pumice Stone Pieces) ìÆ•}c*ÄâZVßzVÆ•} (ii)

 (Wire Gauge) @*gÅYà (iii)

(Hot Water Bath) ¤/x682.ç
E

EG
(iv)
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(Thermometer) ŠeY (v)

(Bunsen Burner or Flame) 
&4jè EEE',3,c*> (vi)

(Leilbig Condenser) É4hë G
Y®Ò3ªî IEc*,&4lç GE (vii)

(Adapter) ® (viii)

(Stands) Z*Š} (ix)

(Chemical Solutions) 6ðZâY
){Øc*{xâù**xC%“TÅ$%ZŠìX (i)

(Principle) Zßw
{xc*){Ø»g0Æâù%·]Å$Æn‚Š{ZëZzgÆ�§iZEw™D÷ZkÃ¿>ë÷X

ƒD÷ZÏnZyÅ$:Zy5+k,~ÆZßwÆfg=Å (Volatile) ¬xîg6,âù**xC%·]¹ic*Š{:Zy5+k,

Æfg=0 (Su i t ab le  cond ense r ) YCìXZk¿ÆŠzgZyqÝƒäzZággZ]ÃñizV$½3ªî
IE

ÂŠ>~ (non-volatile) ™ÆâùqÝHY@*ì�{Øqª~qÝƒ@*ìX):Zy5+k, (Condense)

#‹~g{YCìX

§i¿
B{){Øc*{xâù1Y@*ìâù 50 ~½â (Round Bottom Flask) B{™z~©{zZàÜZk 250

eZáYD÷X>{WÑ]Ã (Pumice stone pieces) ÆûZg�lÆnPìÆ•}c*ÄâZVß~Æ•}

~Š3ñ‰§iÐ�hŠc*Y@*ìZ[�âù){Ø**xC%“Íw©{ÜZk~1ŠHìZk 3.1 F,KMÆ‚B̂

Æˆ"uZôoÆ‚BÜZkÆZbZÃgZ„c*@*gÅYà6,gnpƒñ&4jè EEEÆ>Æfg=¤/x682.ç
E

EG6,¤/xHY@*ì

Ð*g™00*D÷Zzg{ØâùqÝƒ@*ì (Condenser) Z#âùZ�ÑzqƒYñÂggZ]Zq-$½3ªî
IEc*,&4lç GE

~¦™1Y@*ì¿>Æˆ>~ÜZk~!*¹aâù~{xg{YD÷Zzg{Ø (Receiver) TÃZq-gÁg

%“gÁg~qÝƒ@*ì¾nZk§bÐ¿>Æfg=Zq-){Øc*{xâù**xC%“Å$ÅYCìX
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ÆŠ!*]  86Y : II šu
Block II - Physical Chemistry Experiments

21 Z»ð
*.çEEE+Zzg0*ãÆâÎ*.çEEEzuF,Å̃

$©o-+ö
GG

GÑbÅf ●
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*.çEEE+Zzg0*ãÆâÎ*.çEEEzuF,Å̃
$©o-+ö
GG

GÑbÅf X21 Z»ð
(Determination of Distribution or Partition Coefficient of Benzoic Acid Between

Benzene and Water) 

Z»ðÆZbZ
(Aim)Ñ

Z¾Zn

(Apparatus) WÑ]
(Chemical Substances) 6ðZâY

(Principle) Zßw

(Procedure) §i¿
(1) Š/»z
(2) Š/»z
(3) Š/»z
(4) Š/»z

(Calculations) :ˆ!*] (5) Š/»z
(Result)³

(Precautions) ZôïD+ZÛ

(Aim) Ñ
Æfg=*.çEEE+Zzg0*ãÆâÎ*.çEEEîuF,Å̃

$©o-+ö
GG

GÑbÅf (Nernst Distribution Law) 3,ê
$©o-+ö
GG

Gç
*.çEEE+~Šz (Organic Solvent) *.çEEEîuF,*̃*xC… (Solute) Š!*Cîg6,™**ìZzgtU*"$™**ìāZkÂx~

!-Cÿ
E

¯@*ìX (Dimer) F,µ540î GEG
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Z¾Zn
ZkŠ"Ãå™heÆ¥̂Zk‡.ÞƒYîā

ik,_·ÂxÆqÝ™Š{}òÅgzÝÅãCŠ6,
!-Cÿ
E

*.çEEEîuF,*̃*xC…*.çEEE+~ŠzF,µ540î GEG¯@*ìX (i)

¥Ãt¥xƒY¨ātÂx‚Š{7Éë{ìX (ii)

Z¤/Âx‚Š{:ƒÂqÝ™Š{}òÃ
$©o-+ö
GG

GçÅ)zZ]~Z0+gZ`™ÆëÏâÎÅfÅYCìX (iii)

Š/åƒYäÆˆ¥Ãt¥xƒÇāÃyÏˆª**xCc*W!~
!-Cÿ
E

ÅëÏªZ"5Õä
JGs (iv)

zZµƒCìX (Dissociation) c*ZíZt (Assoeiation)

(Apparatus) WÑ]
(i)  2 Nos 50 ml Burettes B{zZá 50 Šz°Šø’ (i)

(ii) 5 Reagent Glass Bottles of 250 ml Each
!3™)ÿ
G

»õÆ1LÞ 5 B{zZá 250 (ii)

(iii) 5 ml and 10 ml Pipettes B{zZá**P 10 B{Zzg 5 (iii)

(iv) 50 ml Measuring Cylinder B{zZÑeöZ2Z: 50 (iv)

(v) Burette Stand ø’Z*Š{ (v)

(vi) Porceleiw Plate 7g_5Ó4è GGE1c*ìÅ1 (vi)

(vii) 250 ml Comical Flasks B{zZá 250 %zïÜZk (vii)

(Chemical Substances) 6ðZâY
(i) Pure Benzene {Ø*.çEEE+ (i)

(ii) Solid Pure Benzoic Acid {Ø*.çEEEzuF,)̃k̂( (ii)

(iii) Saturated Solution of Benzoic Acid in

Benzene

*.çEEEîuF,»̃²w  *.çEEE+~§”{ (iii)

(iv) 0.1.M Sodium Hydroxide Soluction Îe*;àgW‚à²w O.I.M (iv)

(v) 0.01 Sodium Hydroxide Solution Îe*;àgW‚à²w O.OIM (v)

(vi) Phenolpthalein Indicator Solution +
(Ÿ-Ÿ5Ó4è
FG

GGEúÒ{²w (vi)
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(Principle) Zßw
ÆWö}~eZÑYñÂt (Solvents) �Šz**i5+k,&CÓÕä] (Solute) 3,ê

$©o-+ö
GG

GçÆ_.Z¤/Zq-Z(
!-Cÿ
E

!-Cÿ
E

ŠzâV&CÓÕä]~¼:¼uJ-i3+k,ƒ@*ìZq-xŠ6,Zk
!-Cÿ
E

Æ²ßVÆZg‚iÅÚxƒCìXZÌ�
Âx_·~ìZk~

!-Cÿ
E

*.çEEEîuF,˜ìZzgŠz…~Zq-0*ãZzgŠzuZ*.çEEE+ìX*.çEEEîuF,˜)
!-Cÿ
E

(ÃZ#*.çEEE+
(ÆWö{~5c*YñÂtŠzâV&CÓÕä])*.çEEE+Zzg0*ã(~„ƒ@*ì*.çEEEîuF,˜0*ã~‚Š{ 2 (Zzg0*ã)… 1 )…

¯@*ìÅ<å XEZ*.çEEEîuF,˜Æ‚Š{Zg‚iÅÚŠz&CÓÕä] (Dimers) Å§bñ�ŠgLìZzg*.çEEE+~ŠzF,µ540î GEG (A) ‚?
Y~ƒÂ3,êçÆˆ[ÐŠz&CÓÕä]~  ~x7ƒC¬xîg6,Zq-

!-Cÿ
E

ŠzâV&CÓÒðV~‚Š{‚ (Solvents)

ƒ@*ì1ñ�Š{Âx~*.çEEEîuF,»̃Zg‚i ‚Š{Zg‚i÷Â C2 Zzg C1 ‚Š{Zg‚iÅÚxƒCìXªZ¤/

c* ìZÏa (A2) Zzg*.çEEE+…~ŠzF,´40î GE (A) ŠzâV&CÓÒðV~‚Š{7ìª0*ã…~‚Š{‚?

ƒ@*ìZn¬ŠwÃøDfs)zZ]ÐªCÙ™D÷X (Association) x7ƒÇ*.çEEE+~*.çEEEîuF,»̃Z"5Õä
JGs

ƒÇX 2 )*.çEEEîuF,˜( )*.çEEEîuF,˜( c* ª

Z"5Õä
JG°‚?X A2 ‚Š{‚?ìZzg A ŒV

Zzg0*ã~*.çEEEîuF,‚̃Š{  (Corganic)Coc*C1 Z¤/Z"5Õä
JGs**xC…)*.çEEE+(~zZµƒZzg*.çEEEîuF,»̃Zg‚i*.çEEE+~

ÅÚxƒÏ
$©o-+ö
GG

GÑb ª ÅÚÆOñ ƒÂ (Cwater) Cwc*C2 ‚?ZzgZeZg‚i

ÃŠ!*C§iÐqÝHY@*ìZzgZg‚iC[HY@*ìX¾n¬xîg6,Z¤/
!-Cÿ
E

**xC…~Z"5Õä
JGs™@*ìÂ

Zq-‚Š{9°Š (n) xƒ@*ìX˜V6, xƒ@*ìZzgZ¤/
!-Cÿ
E

W!6,]~Z"5Õä
JGs™@*ìÂ

Zzg ƒ@*ìX¾nŠzâV6,ÂVªW!6,]Zzg**xC6,]~Zg‚iC[HY@*ìZzg 3'2'1

xƒÂ
!-Cÿ
E

**xC…~ ÅÚÃŠ!*C§iÐqÝ™Š{Zg‚iÐ¥xHY@*ìZ¤/

�F,µ540î GEG (n=3) ƒÂŠzF,µ540î GEG‚i~ó (n=2) xƒÂ
!-Cÿ
E

»Z"5Õä JGsW!…~ƒ@*ì¾n Z"5Õä
JGs™@*ìZzgZ¤/

ƒÂegF,µ540î GEG‚i~ƒÏX (n=4) ‚i~Zzg

ƒ@*ì (Dimer) xƒ@*ìZka*.çEEE+…~*.çEEEîÄŠ̃zF,µ540î GEG‚? ñ�Š{fk,_·Âx~

Zzg0*ã…~‚Š{‚?ìX
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(Procedure) §i¿
*.çEEE+~§”{*.çEEEîuF,˜Æ²wÅ»g~

(Preparation of Saturated Solution of Benzoic acid in Benzene) 

(1) Š/»z
B{*.çEEE+5NXÈ{Ø 100 B{ÅeZ^ŠZg»õÅ1LÞá™Zk~e›Z2ZäÅæŠÐ 250 Zq-

*.çEEEîuF,˜Æ̀sÃðh~ðh~lZg~*.çEEE+~5NX*.çEEEîuF,Å̃CÙðh~lZg5äÆˆ1LÞÃZh§bhN
@*āF,å̃îg6,iƒYñÃð̂k*.çEEEzuF,˜c*ZnfgZ]1LÞ~7ƒäecXF,ÚÃ5äZzghä»¿Zkz‰Ü

J-Yg~gOZ#J-ā¼̂kfgZ]xîg6,1LÞ~!*¹g÷X1LÞ~qÝ”{²w*.çEEEzuF,»̃*.çEEE+~§”{

ÅæŠÐZ™,Zk (Filter paper) ²wB@*ìXZk²wÃZq-Šzu}eZ^Ñƒñ»õÅ1LÞ~Z~»½
Šzu~1LÞ~qÝ”{™s²w*.çEEEzuF,»̃*.çEEE+~§”{²wƒÇZk§”{²wÃŠ"ÆŠzu}”V~ZEw

™,X

(2) Š/»z
Æîg6,¶K0+„c*f IV Zzg III, II, I B{Æ™seZ^Ñƒñ»õÆ1LÞBXZzgZyÃ1LÞ� 250 eg

~Cc* (Table I)I F,»̃§”{²wó*.çEEE+Zzg0*ã»W|{»g™B6ān].zw  ™BXCÙ1LÞ~*.çEEEîu (Label)

ŠHìX
Table - I                             I ].zwX  

Wö}»]wB{~ 0*ã»wB{~ wB{~ 1LÞ�

{Ø*.çEEE+ §”{²w »

60 40 0 20 I

60 40 05 15 II

60 40 10 10 III

60 40 15 05 IV

1ŒVÃeZ^ÐZh§bÈ™,CÙ1LÞÆ²wÃZh§bhNZzg½ãZq-]ÆagÎgh,XZk]Æ
ŠzgZyCÙGg{4ˆ1ŒVÆZbZYÃZh§bhDg÷Z[1ŒVÃŠ"ÆåƒäJ-%hñ#}ÅŠ6,„

1LÞ~‘ÑB5å WG{ƒ̂ƒāaè*.çEEE+ÅÑÄ0*ãÐ (Layers) gO½ãWŠñ]ÆˆŠBÐā*.çEEE+Zzg0*ãÅ6,'

ÁƒCìZkaZz6,Å6,]*.çEEE+ZzgnÅ6,]0*ãÅƒÏX
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(3) Š/»z
B{*.çEEE+6,])Zz6,Å6,](Æ²wÃ**…ÅæŠÐZq-™s%zïÜZk~1YñT~ 5 Z[CÙ1LÞÐ

B{zZá 50 úÒ{²w5NZq-™s (Phenolpthalein) B{>HƒZ0*ãñ�ŠƒZzgŠz¢}+
#-£Ó4è
FG

GE 10 ½ã
Îe*;àgW‚à²wÐ#¶KyJ-6,HYñZzgø’Z*Š{ÅæŠÐZj¦HYñø’Æn 0.1M ø’Ã

Îe*;àgW‚à²wW×W×%zïÜZk~eZw 0.1M %zïÜZkT~*.çEEE+6,]zZÑ²wìgOZzgø’Ð

¹  (End Point) ™ç],{™,X%zïÜZkÃZh§bhDg÷Z#J-Ò†!g8-xªCÙ:ƒYñZkÃZ`

i B{*.çEEE+6,]Ãá™ŠzCÙZN@*āx}òqÝƒVXZÏ§ 5 Y@*ìZkÃ̀â^™1Y@*ìZkŠ/ÃŠz!*g{6
~Šg` II ].zw B{²wÃá™ç],{HYñXZzgqÝ”{}òqgzfs~Cðˆ 5 ÐCÙ1LÞÆ*.çEEE+6,]Æ

™,Zzg*.çEEE+6,]~ñ�Š*.çEEEîuF,»̃Zg‚iC[™,X
(Table-II : Results of Benzene Layer Titration) :*.çEEE+6,]ÆçJ}Æ}ò II ].zw�
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(4) Š/»z
B{0*ã»6,]c*W!6,])nÅ6,](Æ²wÃ 10 Z[Zkz~0*ãÅ6,]»çJ{™8XCÙ1LÞÐ

B{zZá 50 B{Æ**…ÅæŠÐZq-™s%zïÜZk~BZzgŠz¢}+
(Ÿ-£Ó4è
FG

GEúÒ{²wÃ5NXŒV6, 10

Îe*;àgW‚à#¶KyJ-½BX%zïÜZk~ñ�ŠW86,]Æ²wÃø’~ñ�Š 0.01M ø’~

Îe*;àgW‚àÆ²wÐçJ{™,XÒ†!g8-»xîg6,ªCÙƒ**ZÃ̀ªCÙ™@*ìZÏÃ̀â^ 0.01M

™BCÙ1LÞÆW!6,]ÃZÏ§iÐç],{™,ZzgŠCÙZN@*āqÝ”{}òxƒVXZy}òÃqgzfs~Cñ

~Šg`™,X III ~Šg`™,ZzgW!6,]~i”{*.çEEEzuF,˜ÆZg‚iÃC[™,Zzg].zw III Ð].zw
:W!6,]c*0*ãÆ6,]ÆçJ{Æ}ò: III ].zw

Table III : Results of Aqueous or Water Layers Titrations
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(Calculations) :ˆ!*] (5) Š/»z
ÐªCÙ™8 CorganicªCo Zz6,Šg`”{}òÐ…*.çEEEîuF,»̃Zg‚i*.çEEE+6,]c***xC6,]~;ë
Æ}ò…].zw (Corganic) ÐªCÙ™8X (Cwater)ªCw Zzg*.çEEEîuF,»̃Zg‚iW!6,]c*0*ãÆ6,]~TÃë

~Šg`™ÆZˆ!*]™8 IV ÐqÝƒfZy}òÃqgzfs].zw III Æ}ò…].zw (Cwater)CwÐII

(Partition Coefficient or Distribution ZzgZg‚iÅÚÅãCŠ6,*.çEEE+Zzg0*ãÆâÎ*.çEEEzuF,Å̃
$©o-+ö
GG

GÑb

)W!6,]c*0*ãÅ6,]~Zg‚iÃZEw Cw )*.çEEE+6,]~Zg‚i(Zzg Co C[™8CÙ1LÞÆa Coefficient)

~IV gÄ™C[™,Zzgqgzfs].zw 2 Å7  n ˜V6, Zzg Ô ™Dƒñ

ˆ!*]Gƒñ}ò»Z0+gZ`™,X
:Zg‚iÅÚ**xCZzgW!6,ÂV~C[™** IV ].zw

Table IV : Calculation of Concentration Rates of  Organic and Aquous Layers

ƒÂ n=2 Z¤/ ƒÂ n=2 Z¤/
W!6,]
~Zg‚i

\+6,]

~Zg‚i

1LÞ�

I

II

III

IV

Å© ª (n=2) Æ»Ý~ Æˆ!*]Ðt¥xƒ@*ìā IV qgz!*Ñ].zw

÷ZzgŠz (2 Molecules Associate) x÷ZkÐtU*"$ƒ@*ìā*.çEEEîuF,˜*.çEEE+…~Šz‚ãZ"5Õä
JGs0*D

¯@*ìX (Dimer) F,´40îGE
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(Result) ³

Zz6,Òy”{3,ê
$©o-+ö
GG

GçÆŠ"Ðqgzfs}òqÝƒD÷X

ìX ¾n*.çEEE+Zzg0*ãÆâÎ*.çEEEîuF,Å̃Zz‰
$©o-+ö
GG

GÑbÅ7 (i)

Š/ÐU*"$ƒ@*ìā*.çEEE+6,]~*.çEEEîuF,Å̃‚YŠzF,´40î GEƒCìX (ii)

(Precautions) ZôïD+ZÛ
§”{*.çEEEîuF,»̃²wZzg…0*ãó*.çEEE+CÙ1LÞ~5äÆ½̂ãZq-‚J-h™gh,X@*āCÙ1LÞ~ (i)

$©o-+ö
GG

GÂZiyqÝƒX
$©o-+ö
GG

GÂZiyqÝƒäÆ²̂wÆ1ŒVÃ½ãWŠJ‚gÄgh**ecX@*ā**xCZzgW!6,]åîg6, (ii)

‘ÑB5å WG{ƒYNX
çJ}Æa**xC6,]ZzgW!6,]Ã**…ÅæŠÐ¹ƒâg~Æ‚Bïw™%zïÜZk~eZÜecX (iii)

Îe*;àgW‚à²wÐç],{HY@*ìç],{Æ 0.1M B{1Y@*ìZzg 5 **xC6,]»²wCÙ1LÞÐ (iv)

ŠzgZy%zïÜZkÃÚhDgxecX

Îe*;àgW‚àÆ²wÐç],{™**ecXZzg 0.01M B{¢8ecZzg 10 W!6,]»²wCÙ1LÞÐ (v)

çJ{ÆŠzgZy%zïÜZkÃÚhDgxecX

///
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22 Z»ð
):Zy5+k,

!-Cÿ
E

Æ‚@ziy»gZ†ÆZßw6,( ●
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X):Zy5+k,
!-Cÿ
E

Æ‚@ziy»gZ†ÆZßw6,( 22 Z»ð
(Expt. 2 : Determination of molecular weight of a Non-Volatile Solute-Rast's Method)

Z»ðÆZbZ
(AIM)Ñ

(Theory) Ãt

(Apparatus) WÑ]

(Procedure) §i»g

(Determination of Kf of Camphor) Å( Kf »¯gÆ

(Table I) I »].zw »Z̀â®) )»¯g~"3©-£é
EGEGA( Wö{

zZzw( {Ø»¯g»Z̀â®)»].zw)

(Calculation I) I ˆ!*]D

**¥x
!-Cÿ
E

Æ‚@ziy»(

(Observation) zŠzx»x@Z]

zŠzx( {Ø»¯g»Z̀â®)»].zw)

(Calculation II) II ˆ!*]X

(Calculations III) III ˆ!*]X

(Calculations IV) IV ˆ!*]X

(Precautions) ZôïD+ZÛ

(Result or Report) ³c*g7g^
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(AIM) Ñ
Š/:gZ†Æ§T¿Æ_.Ë**¥x

!-Cÿ
E

Æ‚@ziy»(Î**X

(Theory) Ãt
Ë:Zy5+k,…~Z#):Zy5+k,

!-Cÿ
E

÷áïHY@*ìÂ²w»ggZCŠ!*îÁƒY@*ìXËÌ²VÅZ+

BCìXZ+S:]X»mggZCŠ!*îÆÁƒäÐì (colligative properties) S¤Ô%1oS:]

Zy~ÐỒYZ+A)é
E

EŠ~fÌZq-S¤ìX

(Depression in freezing tS:]
!-Cÿ
E

ÆfgZ]6,«ìÔZyÅâÎ6,7XÅ<å XEZZ̀+A)é
E

EŠ~f

Ì
!-Cÿ
E

Æ‚Ó]Å¡]Æ£«ZyÅ®ZŠ6,«ƒCìX²wÆggZCŠ!*ƒ~ƒäzZàf{Ø… point)

Æ£«ỲZ+A)é
E
EŠ~f»!*)̄ƒCìXgZî«ÆçÆ_.Z#Ë):Zy5+k,̂kâŠ{Ã…~5c*Y@*

ìÔÂZk»ggZCŠ!*ƒÁƒY@*ìX

ìZzgZk~Zq-):Zy5+k,
!-Cÿ
E

5c*YñÂZk»Z̀+A)é
E

EŠ &Ò«ç EEnZ¤/ây1Yñā{Ø…»Z̀+A)é
E

EŠ

ìXA$Z̀+A)é
E

EŠ~¶øDfsƒÏX

Ã̀Z+A)é
E

EŠ~fë÷X

þÆ¦ñÚƒ~ƒCìX 'm'þ ª(molality) Ì²wÅñÑp eZðC²̂wÆaZ̀+A)é
E

EŠ~f

c*

�ā…Å¡]6,«ƒ@*ìX̀Z+A)é
E
EŠ6,f»!h4¨Ïî GGc*ñÑwf»  Ú”»!h4¨Ïî

GG

ìX K Kg mol  ÅZ»ð B@*ìX (Cryoscopic Constant) !h4¨Ïî
GG

ìÂ ¤/Zx…~ñ�ŠìZzg…ÆZ̀+A)é
E
EŠ~f ¤/Zx

!-Cÿ
E

�ā ñ°SzZá Z¤/

Æfg)ƒÏX (2.3) qgzfs)zZ] (molality)
!-Cÿ
E

Å

~gpp6, (ii) ñÑpÅZkŠgÃ)zZ]
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˜V

Z̀+A)é
E

EŠ~f»!h4¨Ïî GG

!-Cÿ
E

»ziy

…»ziy

Z̀+A)é
E

EŠ~f
!-Cÿ
E

Åñ°S

(Apparatus) WÑ]
ÔÂÞ"ìẽ½èEÔÃïŠ3ÔÙX (0 C to 360 C) Z̀â®)ÅÄ~**1VỒZ+A)é

E
EŠ»eÔ̂kŠe

6ðZâYXcZ@%Ô{Ø»¯g»`sÔ"3©-£é
EGEGAZzgz{):Zy5+k,%“T»‚@ziy¥x™**ìX

(Procedure) §i»g

(Determination of Kf of Camphor) Å( Kf »¯gÆ

¥x (W1) Ð9ziy (weighing balance) »6ðöZy (weighing botlle) Zq-™sÈÂÞ**à

XQZk~ (W2)
!-Cÿ
E

eZwBZzg"ÃŠz!*g{ziy™, (Naphtalene) È
"3©-£é
EGEGA 200 mg ™äÆẐk~½ã

XÂÞ"Ã†kÆe˜½èEÐÈ™Š,XZ[Zk"Ã  (W3) {ØÈ»¯g»`s5NZzg9îg6,ziy™, 2 gm ½ã

6,gÄŠ,X"ÆZbZYÃ¯g~îg ,ƒ200 oC T~"3©-£é
EGEGAZzg»¯g»Wö{ìZq-cZ@%Æe~TÅŠ

6,×ZŠ,Zzg"ÃáZF,ƒDg÷@*āâùâŠ{I÷ƒYñXZ["Ã#}ÅŠJ-QZ™,@*āI÷̂kWö{qÝ

)»¯g&43©-£é GEGEGA(qÝ  ÅæŠÐ̀s~ps™,@*āI÷`s (Pestle) ƒXẐiWVZkWö{Æ¼{ÃŠ5

ƒXZk$sÃZq-Z̀â®)")Ä~**à(~½BXaè»¯gÅñÑwä»!h4¨Ïî GG¹ic*Š{ƒ@*ìÔ®Z$©�î EG
0Z+A)é

E
EŠ~

ÐY™YYìXÅ<å XEZZq-ŠeÆ�†ÃÄ~" (Thermometer) fÌic*Š{ƒÏXZkaZkÃZq-¬xŠe
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ÃÄ~"Æ‚BcZ@% (Thermometer) Ð!*0+|Š,ZzgZkŠe (Rubber Band) Æ‚BŠJÐc*g',Å÷

ÐZôoÆ‚B (Micro Burner) (Æ_.gÄŠ,XZ[ZkeÃW×W×Zq-pgŠ> 1 Ð½}e~)^

¤/x™BX¤/x™Dz‰ÜÄ~"~̀sÆ×Z»ZOg™,XZ#t̀såîg6,£™ÔZkÅ̂k:Ðåîg

6,psƒYñXÂŠeÅŠâ^™BX>ŠZg',3,ÃeÆnÐUBZzgeÃ#{ÅŠJ-QZ™,XZ#Ä~

"~»ƒZâŠ{åîg6,̂kâŠ}~psƒYñÂŠeÅŠâ^™,XèÃg{ZâYÆ¤/x™äÔQZ™äZzgŠ

eÅŠâ^™äÆ¿ÃF!*gŠCÙZNXèÃg{§i¿ÃÜs»¯gÆ‚BÌ´u{ŠCÙZNZzŠâ^™,XZkÐ

{Ø»¯g»ZỲZâ®))Z+A)é
E

EŠ(qÝƒ@*ìX

¥x™,X Zzg»¯g~"3©-£é
EGEGAÆWö{»Z̀â®) Ô"3©-£é

EGEGA»ziy »¯g»ziy

ZzgÓxx@zVÃâ™̂,X

(Observations) zZzw»x@Z]

(Table I) I »].zwX »Z̀â®) )»¯g~"3©-£é
EGEGA( Wö{

Wö}»ỲZâ®)»Zz‰ Wö{»ỲZâ®) Ÿ�

1X

2X

3X

4X
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zZzw( {Ø»¯g»Z̀â®)»].zw)

{Ø»¯g»Z̀â®)»Zz‰ {Ø»¯g»Z̀â®) Ÿ�

1

2

3

4

(Calculation I) I ˆ!*]D

¤/Zx  ------------ ÂÞ"»ziy

¤/Zx  ------------ ÂÞ"Zzg"3©-£é EGEGA»ziy

¤/Zx  ------------ 
"3©-£é
EGEGA»ziy

¤/Zx  ------------ ÂÞ"Zzg"3©-£é EGEGAZzg»¯gWö{»ziy

¤/Zx  ------------ »¯g»ziy

--------------- Wö}»$©�î EG
0Zâ®)»Zz‰

--------------- {Ø»¯g»$©�î EG
0Zâ®)»Zz‰

  --------------- $©�î EG
0Zâ®)~ä

**¥x
!-Cÿ
E

Æ‚@ziy»(
 (Determination of Molecular Weight  of Non-voletile Unknown Solute) 

Å(Æaëä"3©-£é
EGEGAÃ

!-Cÿ
E

Æîg6,ZEwHåZ[Zk zZzw~Òy™Š{§i¿:»¯gÆ
Zzg»¯g **¥x

!-Cÿ
E

»ziy {~ë**¥x̂kâŠ}»ZEwÔ"3©-£é
EGEGAÅ(™,ÐXZzg»¯g»ziy

¥x™,ZzgÓxx@Z]ÃŠg`™,X ~**¥x
!-Cÿ
E

ÆWö}»Z̀â®)
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(Observation) :zŠzx»x@Z] 2.5.1

»].zwX »$©�î EG
0Zâ®) )»¯g~**¥x

!-Cÿ
E

( Wö} 3X

Wö}»ỲZâ®)»Zz‰ Wö}»ỲZâ®) Ÿ�

1

2

3

4

zŠzx( {Ø»¯g»Z̀â®)»].zw)

{Ø»¯g»Z̀â®)»Zz‰ {Ø»¯g»Z̀â®) Ÿ�

1

2

3

4

(Calculation II) II ˆ!*]D

¤/Zx  ------------ ÂÞ"»ziy

¤/Zx  ------------ ÂÞ"Zzg**¥x
!-Cÿ
E

»ziy

¤/Zx  ------------ **¥x
!-Cÿ
E

»ziy

¤/Zx  ------------ ÂÞ"Zzg
!-Cÿ
E

Zzg»¯gWö{»ziy

¤/Zx  ------------ »¯g»ziy

--------------- Wö}»$©�î EG
0Zâ®)»Zz‰

--------------- {Ø»¯g»$©�î EG
0Zâ®)»Zz‰

  --------------- $©�î EG
0Zâ®)~ä
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(Calculations III) III ˆ!*]

)Š"Æ¬{ÐqÝ”{(: 1X»¯g»ñÑwä»!h4¨Ïî GG

7C[™,X Å©Šg`™Æ Zzg Ô Ô

128 gm/mol 
"3©-£é
EGEGAÅñ°SìX    

(Calculations IV) IV ˆ!*]

2XZ̀â®)~ä)Š"ÆŠzu}{ÐqÝ”{(:

Å7C[™,X Å©Šg`™Æ Zzg Ô Ô

 **¥x
!-Cÿ
E

»‚@ziy

ìX  gm/mol............... **¥x̂kâŠ}»‚@ziy ³:

(Precautions) ZôïD+ZÛ
ÆZŸ±J-Æaˆkƒ**ecX  Še 1X

»¯g»`s{ØZzgÈƒ**ecX 2X

ÐŠð™¤/x™ÆO!~QZƒäÆagÄŠ,Zzg#}Å (Acetone) ÂÞ"ÃZEwÐ¬Z+Iy 3X

ŠgzwZg]J-Wä6,„ZEw~ÑNX

(Result or Report) ³c*g7g^
"3©-£é
EGEGA

!-Cÿ
E

ÃZEw™Æ»¯g…»ñÑwä»x (i)

..................... **¥x:Zy5+k,
!-Cÿ
E

»‚@ziy (ii)

////////////
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XâùÆÒÚîÅfZ6Å5À.ð G
Y

¢aÆfg= 23 Z»ð
(Determination of Surface Tention of a Liquid Using Stalagmometer)

Z»ðÆZbZ

(Aim)Ñ

Z¾Zn

(Apparatus) WÑ]

(Chemicals) 6ðZâY

(Theory) Ãt

(Principle) Zßw

(Procedure) §i¿

âO]ÅÑÄÆçc*f»§i (1) ª%³

âùÅÑÄÅfÆaˆ!*]

£/âùÆÒÚîÅf (2) ŠzuZ%³

(Table I)  I ].zw

(Calculations) ˆ!*]

(Result or Report) ³c*g7g^

:  (Precautions) ZôïD+ZÛ

(Table II) II ].zw

:ZŠgzwZg]6,ZâO]»ÒÚî (Table III) III ].zw
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(Aim) Ñ
ÆjZáÐŠñ‰âù (Distilled Water) »ZEw™Dƒñ>{0*ã (Stalagmo meter) Z6Å5À.ð G

Y
¢a

Åf™**X (Surface Tension) ÅÒÚî

Z¾Zn
ZkŠ/ÆÃtZzgZßwÃ7,"KZzgiîg6,Š/™äÆ¥̂Zk‡.ÞƒYîāÔ

âùÅÑÄŠ!*Cîg6,¾§b¥xÅYCìX (i)

(Glass Tube) ÃZEw™DƒñâO]ÅRÆÚîÅeöZq-jÅ" (Stalagmometer) Z6Å5À.ð G
Y

¢a (ii)

ÆŠgxy¤/äzZáâùÆ¢zVÅ®ZŠÃÑg™Æ¾§bçHY@*ìX B Zzg A ~¶K**]

(Apparatus) WÑ]
(Density Bottle) ÑÄ1LÞ (i)

(Chemical Balance) 6ðF,Ziz (ii)

(Electronic Balance) c*Z9Z7-F,Ziz (Weights Box) ZziZy1zt (iii)

(Stalagmometer) Z6Å5À.ð G
Y

¢a (iv)

(Burette Stand) ø’Z*Š{ (v)

(Beaker) kg{c*Ù (vi)

(Poreclein Mate) 7g_5Ó4è GGE1 (vii)

(Graduated Piptte) ŠgzŠZg**… (viii)

(Wash Bottle) Šðy1LÞ (ix)

z){X (Stop Watch) Z6\{~ (x)

(Chemicals) 6ðZâY
>{0*ã (i)

âùT»ÒÚîç™**ìX (ii)
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(Theory) Ãt
ÅzzÐCÙ‚ (Cohesive Forces) âùÅRÐŠzgzZµZq-‚?ätâù‚>VÆfg=%1o̧ÂV

7Vîg6,5Y@*ìTÆË~{Ø̧]#ƒCì1R6,ñ�Š‚>VÆÓxZ§Zs~Zq-‰‚ã7ƒD
ZzgZkaz{Z0+gÅ§sQYD÷ZkÐ¼Z0+gzãŠ!*îaZƒ@*ìZzgâù¥VÃÁÐÁ´ºÃiä6,6g™@*ìË
âùÅVÅ{¤�ZÐZL‚>VÅ%1oâÎÅzzÐËÛzã¸]ÆÜs'×ZØ™ãZYi]Šîìâù
‚>VÆŠgxy%1o̧'ZkgDyÆaf)ŠZg÷&ÒÚî¹Y@*ìXZ6Å5À.ð G

Y
¢aZq-Z(W!ì�ÒÚîÅ

ƒCìT»ŠgxyzahZƒ@*ì (Capillary Tube) î]ÆaZEwƒ@*ìZ6Å5À.ð G
Y

¢a~Zq-jÅÄ~"
Z6Å5À.ð G

Y
¢aÅ¯z^Ð¢{c*egZ\»w¬Ð…/õJHYYìXk[ª"Æ−u}ÃßHY@*ì@*ā(wªâùÃ

¤/D÷Z6Å5À.ð G
Y

V¢a~ñ�ŠZq-¶KyÐ (Vertical direction) ¢{Æîg6,k[ÐW×W×ÀŠ~‚
Šzu}¶KyJ-]¢zVÅ2ÌƒCìZzgâ^ÅYCìÒÚî»ZkÐˆ[Îc*YYì(w»ÒÚî¬xîg6,0*ãÆ

eZí°v¢aìÂëqgzfs)zZ]ÃZEw™Æºà(wÅ 72 jZ!Y]ÐHY@*ìZ¤/0*ã»ÒÚî¥xƒ�
c*Z6Å5À.ð G

Y
¢a¢{2Ì (Stalagnometer Drop Count) ÒÚî»ˆ[ÎMh÷Zk§iZ6Å5À.ð G

Y
¢aegZ[Ã.$

§ië÷X

ŒV6,

jZ!Y]âù0*ã»ÒÚî

0*ãÆ¢zVÅ®ZŠ
0*ãÅÑÄ

£/ºm(wªâù»ÒÚî

ºm(wÆ¢zVÅ®ZŠ

ºm(wÅÑÄ

(Principle) Zßw
ÅŠ!*CfŠz%ÖV6,«ƒCìT~ª%³ƒ@*ìâO]ÅÑÄ (Surface Tension) ÒÚî

¥x™**Š/{:ÅŠ6,ZzgŠzu}%³~ÒÚîÆa�W!Z6Å5À.ð G
Y

¢aZEwƒ@*ìZkÆfg=Šz¶KâVÆŠgxy
âùÆ·î~æ¢}¤/D÷ZyÅ2Ì™**ìX

(Chemical 0*ã��gjZ!âùÆîg6,ZEwƒ@*ìZmÑÄZzgÒÚîÅ©c*Šg,6ðÂ!ZñZŠ
Ð#{ŠgzwZg]6,Zé].zßVÐqÝÅYC÷ZÏŠ/~�£[**¥xâùƒ@*ìZmÑÄZzg Literature)
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àYCìTÃZh§b™s (Density Bottle) !*syÒÚî#{Š6,¥x™**ìXÑÄÆçÆaÑÄ1LÞ
HY@*ìZzgÈ™ÆZe{àziyZzgQâùÆ‚Bziy¥xHY@*ìZyqÝ”{ZziZyÅæŠÐZzg¥x”{0*ãÅ
ÑÄÃZEw™DƒñZJãâùÅÑÄC[ÅYCì6ā̂!*]~Cc*ŠHìX£/SàâùäÒÚî»

Ì (Capillary Tube) Š!*Cç™**ìZkaZq-ì»W!1Y@*ì;̂~Cc*ŠHìZzgT~ìÅÄ~"
ƒCì)fg=jZ!âùÃZzg£/âùÃ*ZgZY@*ìX

ë÷âO]ÃŠz³¶KâVÆŠgxy*ZgZY@*ìZzgZz6,Æ¶Ky (Stalagmo meter) ZkW!ÃZ6Å5À.ð G
Y

¢a
ÐnÆ¶KyJ-âO]Æ·îÆ¢zVÅ2ÌÅYCìZkŠ/Ã0*ãZzg£/âùŠzâVÆ‚BHY@*ìZzg½ã&

» (Drop Count) c*eg!*gŠCÙZc*Y@*ìZzg].zw~â^™1Y@*ìZÏaZÏ§i»gÃegZ\»î.$ª¢zVÅ2Ì
¥xHY@*ìX §ië÷qgzfsŸ‚ÃZEw™Dƒñ£/âù»ÒÚî

Zzg Ô ’góc*ŸzZg0*ãÆ¢zVÅ®ZŠóZmÑÄZzgÒÚî÷XZzg Zzg Ô ˜V6,Ô

ÃŠ!*Cîg6,C[™ÆfHY@*ìX ’góc*ŸzZg£/âùÆ¢zVÅ®ZŠóZmÑÄóZzgÒÚî~¾n

(Procedure) §i¿
âO]ÆÒÚîÅŠ!*Cf»§i¿ŠzZë%ÖV6,Œƒ@*ì6āZkŠ"ÆZßw~ÒyHŠHì

¬%³~âO]ÅÑÄÑD1LÞÆZEwÆfg=ÅYCìXZzgŠzu}%³~âO]ÆÒÚîÅfƒCì
X ³~�W!ZEwƒ@*ìZjZ6Å5À.ð G

Y
¢aë÷ŠzâV%ÖVÆŠ!*C§i»gÃ,Ðqgzfs~ÒyHŠHì Zk%

âO]ÅÑÄÆçc*f»§i: (1) ª%³

: âùÅÑÄÅf»§i
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B{zZáÑD1LÞÃ1Y@*ìXÑD1LÞÃ 10 ~Cc*ŠHìZq-¥w6ā (Figure 1) 1 ÑD1LÞÃ̂
Ì¹YYìX6ā̂~Cc*ŠHìÑD1LÞÆZz6,ìzZázÃ (Specific Gravity Bottle) â¦æ…1LÞ

HY@*ìÑD1LÞZzgÄ~eZ^¹Zh§b0*ãÐ (Fit) Æfg=Zh§b© (Capillery Stopper) Ä~eZ^

™s™BZzgZn$̂4-£é GGLZjqwc*Z`yÐŠð™ÈƒZÆfg=È™BXZnˆÄ~eZ^Ða}ƒñ

¤/Zx W1 ÑD1LÞ»ziy6ðF,ZizÆfg=c*Z9Z7-F,ZizÆfg=9ziy¥x™,Zzgâ^™BX�Ûn™zātziy

ìXZnÑ̂Ä1LÞ~>{0*ãZSbeZBā1LÞ6,ƒYñZzgZnì6,ÐÄ~eZ^Ð¢{ÕÑÄ~eZ^Æ
Zz6,ÅRÃÎÇÀ}Ðc*Z~»½Æfg=È™BXc*Šgìātƒ»gzZð#{Š6,„™,ZzgŠ~ËnÅ

p~:WäŠ,#{ŠÌâ^™BXZ[ÑÄ1LÞ�>{0*ãÐ½~ƒðìZeziy¥x™B�Ûn™zātziy

¤/ZxìX W2

ÑÄ1LÞÐ0*ãÃïwŠ,ó{à1LÞÃZh§b™s™ÆÈ™,ZzgZkÃZk%ûŠñƒñâùÐZÏ

§iÐ½Š,6ā0*ãÐHŠHåXZ[ÑÄ1LÞ�âùÐ6,ìZzgÄ~eZ^:æENHZƒZìZk»ziy¥x™,XZzg

¤/ZxìXZyZziZyÅãCŠ6,qgzfs§iÐâùÅÑÄC[™,X W3 â™̂,�Ûn™zātziy

âùÅÑÄÅfÆaˆ!*]:

¤/Zx=''''''' {àÑÄ1LÞìÄ~eZ^»ziy /

¤/Zx=''''''' >{0*ã»ziy + ÑÄ1LÞìÄ~eZ^ /

¤/Zx=''''''' Šñƒñâù»ziy + ÑÄ1LÞìÄ~eZ^ /

¤/Zx=''''''' >{0*ã»ziy /

¤/Zx=''''''' Šñ‰âù»ziy /

¤/Zx°B{=''''''' #{ÅŠ6,0*ãÑÄ)6ðÂ1VÐà̂7( /

<0*ãÅÑÄ âù»ziy
7VwzZá0*ã»ziy

ŠñƒñâùÅÑÄ

ZzgA$Ÿ‚ƒÇÔ Zq-¤/Zx°B{ƒÂ Z¤/#{ÅŠ6,0*ãÑÄ /

£/âùÆÒÚîÅf: (2) ŠzuZ%³
»§i: (Drop Count) Z6Å5À.ð G

Y
¢a»§ic*egZ\»z.$¢zVÅ2Ì
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ZkŠ/~�W!ZEwƒ@*ìZÐZ6Å5À.ð G
Y

¢a
c* µn¶³³³³8 ë÷ZkW!ÃegZ\ (Stalagmometer)

2 Ì¹Y@*ìXZkÃ̂ (Drop Pipette) ¢{**…

~Cc*ŠHìXZm¯z^Zq-**… ( F i g u r e  2 )

ú„ƒCì1Zk»"zÄ~" ( P i p e t t e )

6ƒ@*ìZzgŠgxãzahZƒ@* (Capillary tube)

ì�Zq-¢Æâ#ì¢ÆZz6,ZzgnŠz¶Ky
ìg',k[ZzgF@ B ZzgnzZÑ A ƒD÷Zz6,zZÑ¶Ky

ÃZz6,Æz~Îc*Y@*ì@*ā (Pinch Cock) »u
âùÃZ6Å5À.ð G

Y
¢a~5YnF@»u)Zhz=(ÅæŠ

Ð¢zVÆ¤/äÅÑbÃNzwHY@*ìtZôo',@*

J-½BXW!Æ A Ðic*Š{:¤/,Z6Å5À.ð G
Y

¢a~Zh§b>{0*ãÐZz6,Æ¶Ky 12c*10 Zq-4~ Y@*ìā¢}
Ð¤/**Ñzq A nZq-kg{ªÙgO@*āZz6,ÐghZƒZ0*ãnÙ~Y¤/}X0*ãZ#Z6Å5À.ð G

Y
¢a~Zz6,Æ¶Ky

J-: B ƒYñÂ¤/Dƒñ¢zVÃSÑzq™Š,Zzgt¿Z#J-Yg~gOZ#J-ā0*ãÅRn»¶Ky
J-¤/}ƒñ0*ãÆ¢zVÅ®ZŠâ^™BZk¿Ã&c*eg%ûŠCÙZNZzgCÙ%ûÆ B Ð¶Ky A WYñX¾n¶Ky

¢zVÅ®ZŠÃ].zw~ÉBZzgZy»Zz‰ïwBZÏ§iÐZ[0*ãÅOñ£/âùäÒÚîT'ìZj
Ð¤/**ÑzqƒÂ¢zVÅ2Ì™**Ñzq™Š,ŒVJ-āâù A Z6Å5À.ð G

Y
¢a~½BZzg¹„ZôoÆ‚BZ#âù¶Ky

J-¤/}ƒñ¢zVÅ®ZŠâ^™,ZkŠ!*C¿Ã&c*eg B Ð¶Ky A J-VYñZk%û¶Ky B ÅRnÆ¶Ky
~0*ãZzg£/âùÆ¢zVÅ®ZŠ� 2 %ûŠCÙZNZzgCÙ%û�2ÌW5Zj].zw~â^™BX¾nZk%³

J-¤/D÷¥x™Æ].zw~Éfe÷XåŠ/ÆŠzgZy�Š/{:c*#{ÅŠgzwZg]ìz{ B Ð¶Ky A ¶Ky
(Standard xƒ**ecZkŠgzwZg]6,0*ãÅ�ÑÄƒCìZzgÒÚîƒ@*ìZÐë6ð£g~ñZŠ

Æ].zwÐqÝ™,_·”{âùÅÑÄ¬%³~¥x™`÷ZyŠgzVÃZEw Chemical Literature)

™DƒñqgzfsÃgñáÆfg=£/âùÆÒÚîC[™,X

c*

ZkÃgñá~Ô

jZ!Y]âù0*ã»ÒÚî

0*ãÆ¢zVÅ®ZŠ
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0*ãÅÑÄ#{ŠgzwZg]6,

£/ºmâù»ÒÚî

ºm_·”{âùÆ¢zVÅ®ZŠ

ºmâùÅÑÄ�C[Å̂ì#{Šg<îE0wZg]6,

(Table I)  I ].zw

(Density and Surface Tension) ÑÄZzgÒÚî
(No. of Drops of Liquids) âO]Æ¢zVÅ®ZŠ

ÒÚî

(Surface Tension)

ÑÄ

(Density)

¢zVÅ®ZŠ
(No. of Drops of Liquids)

âO]
(Liquids)

Ÿ�
S.No.

(Average) Zz‰ 4 3 2 1

0*ã 1

ZJãâù 2

(Calculations) ˆ!*]
ŒV].zw~Šg`”{ŠgzVÃZEw™DƒñZz6,�ÃgñÑŠc*ŠHìZnfg=£/âùÆÒÚîÃC[

ƒCìX (Dyne / cm) Âx~eZí°ª CGS ™,ÑÄÅZ»ð¤/Zx°B{ƒCìZzgÒÚîÅZ»ð

(Result or Report) ³c*g7ĝ
¤/Zx°B{ ___________ = _·”{**¥xâùÅÑÄ (i)

eZí°v¢a ___________ = _·”{**¥xâù»ÒÚî (ii)

 (Precautions) ZôïD+ZÛ
~g3YñX (Ventrical Position) Z6Å5À.ð G

Y
¢aÃÀŠ~îg6, (i)

z){Ð™sgOX (Oil or Grease) Z6Å5À.ð G
Y

¢aÍ%c*¤/ö (ii)

Z6Å5À.ð G
Y

¢aÆZEwÐ¬ZmÌð»{mìwgOX (iii)

¢}°4Ðic*Š{:ƒ**eTX 12c*10 Z6Å5À.ð G
Y

¢aÐ¤/äzZá¢zVÅÑb (iv)

ÐNzw™, (Punch Clip) ¢zVÆ¤/äÃg',k[ÃÑF@= (v)
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(Table II) II ].zw
0*ãÅÑÄZzgÒÚîZŠgzwZg]6,

(Density and Surface Tension of Water at Different Temperature)

ÒÚîeZí°ª
(Surface Tension Dyne/cm

0*ãÑÄ¤/Zx°B{

(Density of Water gm/ml)

ŠgzwZg]

(Temperature)

Ÿ�
S.No.

72.75 0.9982 20oC 1

72.44 0.9978 22oC 2

71.97 0.9971 25oC 3

71.69 0.9965 27oC 4

71.18 0.9967 30oC 5

70.86 0.9951 32oC 6

70.86 0.9941 35oC 7

69.56 0.9922 40oC 8

:ZŠgzwZg]6,ZâO]»ÒÚî (Table III) III ].zw
(Surface Tension of Different Liquids at Different Temperatures)

ZŠgzwZg]
(Different Temperature)

âù»**x
(Liquid Name)

Ÿ�
S.No.

24.93 27.66 28.85 *.çEEE+ 1

--- 25.33 26.95 »g06Z³gZà 2

30.60 21.43 22.27 Z#-£é GGLZÈqw 3

--- 27.40 28.50 IA 4

--- --- 24.60 XçN*LZÈqw n 5

--- --- 32.33 »g0eZðÏà 6

--- --- 27.14 ³gzÃgx 7

--- --- 18.40 (Hexane) 3¾æ XE+ 8

///
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XW:Z®z$h½ð G¢aÆfg=ËâùÅz$i¹é G;ÑbÅf 24 Z»ð
(Determination of Coefficient of Viscocity of a Liquid Using Ostwalds Viscometer)

Z»ðÆZbZ
(Aim)Ñ

Z¾Zn

(Apparatus) WÑ]

(Chemical Substances) 6ðZâY

: (Theory) Ãt

ÅZ»ð (Coefficient of Viscosity) z$i¹é G;IH7-

Zßw

(Procedure) §T¿

âùÅÑÄÅf»§i

âùÅÑÄÅfÆaˆ!*]

¥x™** (Time of Flow) âùÆ·î»z‰Ü

:âO]Æ·îÆZz‡]DÑÄZzgz$i¹é G;IH7- I ].zw

ˆ!*]

(Result or Report) ³c*g7g^

(Precautions) ZôïD+ZÛ

(Table II) II ].zw

(Table III) III ].zw
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(Aim) Ñ
(Ostwald ÅfW:Z®z�¢a (Coefficient) ËŠñƒñâùÅz$i¹é G;c*ÇhJc*åâùÅIH7-

ÆZEwÆfg=™**X Viscometer)

Z¾Zn
ZkŠ/ÆÃtÃ7,"ZzgiŠ/™äÆ¥̂Zk‡.ÞƒYîāÔ

âùÅÑÄ¥x™ä»Š!*C§i±i�çbHY@*ìX (i)

ÃZEw™DƒñÄ~"~âO]Æ·îZzgZyÆ·îÆ (Poiseulle's Equation) 0*K~)zZ] (ii)

Ã¥x™DƒñâùÅz$i¹é G;ÆIH7-Ã±i�çbC[HY@*ìZmzZ/ƒÏX (Time of flow) Zz‡]

(Apparatus) WÑ]
(Clamp stand)

®Í-.ï GFzZÑZ*Š{ (ii) (Ostwald Viscometer) W:Z®z$h½ð G¢a (i)

(Chemical 6ðF,Ziz (v) (Density bottle) ÑÄ1LÞ (iv) (Stop watch)  Z6\zZa  (iii)

Balance)

c*Z9Z7-F,Ziz  (Weight Box) 6ðF,ZizÆZziZy»1zt  (vi)

(Graduated Pipette) ŠgzŠZg**… (vii)

(Chemical Substances) 6ðZâY
>”{0*ã (i)

âùTÅz$i¹é G;»IH7-¥x™**ìX (ii)

(Theory) Ãt
Zq-Zëe:ƒ@*ìXw•5+k,(wc*âùÆ (Viscocity) CÙ(wc*âùÆ·îÅ'×ZØ»åc*ÇhJc*z$i¹é G;

Z0+gg¥/ÅzŸs#'×ZØ™@*ìYètZK‚ÓC‚|#ÅzzÐZ0+gzãg¥/ŠêìXÁz$i¹é G;zZá(wW‚ãÐÔ
(Coefficient of ÷Zzgic*Š{z$i¹é G;zZá(wÅgëgÁƒCì,zz·îÅ'×ZØic*Š{ƒCìXz$i¹é G;ø7-

ÐªCÙHY@*ìXz$i¹é G;ÃOW,™äzZáPúZït÷āÔ  η Ã¬xîg6, Viscosity)

z$i¹é G;ÁƒYCìX 2% Z#ŠgzwZg]ic*Š{ƒCìÂz$i¹é G;ÁƒYCìZq-ŠgzwZg]Æic*Š{ƒä6,½ã (i)

Ôš„ÂxzZá%·] (Polar Compounds) Ôª%·] (Chain Compounds) iî~%·] (ii)

Åz$i¹é G;ic*Š{ƒC÷X (Colloidal System Compounds)

7VnÆ%·]~Z¤/‚@ziyic*Š{ƒÂZÐ%·]Åz$i¹é G;Ìic*Š{ƒÏXz){z){ (iii)

ÐË(wªâùÅ (Flow method) ÃZEw™Dƒñ·î§i (Poiseiulle Equation) 7Z$lç
JE~)zZ]
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¥xHY@*ìX7ZK~)zZ]tì (Viscosity) z$h½ð G;

Ä~"»Û¢ó = r ]i~z‰Üó = t Ä~"~cƒZâù»wó  = V z$i¹é G;IH7-ó = η ˜V6,

"»xŠ!*îX = P k[ª"ÅMðÔ = l

(Relative Viscosity of 0*ãÆ£«~Z¤/ËâùÅz$i¹é G;¥x™,ÂâùÅZŸ°z$i¹é G;

¥x™**ìZzgŠzuZâù qÝƒÏXŠzâO]�aYD÷Zy~Zq-z{âùƒ@*ì,z$i¹é G;IH7- Liquid)

Zzg Š~ˆìŠzâVâO]»·îz‰ÜŠ/Ð¥xHY@*ìjÑ© ¬xîg6,0*ã1Y@*ì,z$i¹é G;IH7-

ÆaÃgñÑƒÇÔ ìâùÆ·î»z‰Ü Zzg ÷Zzg·îz‰Ü

ÆaŸ‚ƒÇÔ "~âùÅZz™ð»�ÛtZzg0*ãÆ·îªŠzu}âùÆ·îV»z‰Ü = h ˜V

ŠzuZâùª0*ãÅÑÄ ÅzzÐu®) (Acceleration due to gravity) ƒÇæÜ g ŒV6,

ÐqÝƒÇÔ (3) Zzg (2) )zZ]

 c* c* c*

ÅZ»ð (Coefficient of Viscosity) z$i¹é G;IH7-
)z~ƒ@*ìZq-eZíX (Poise) ƒCìXZq-7Z,̂ (Poise) z$i¹é G;ÆIH7-ÅZ»ðÏYZö-.$~7Z,̂ (i)

ÆX )T¢a(ÆXª ]°
(Kilogram per meter per second) c*ÆY°¢a°] ] -.$~Z»ðì:ÆY¢a SI (ii)

(Pa.S) )¢a(c*0*ñ] EH] c*  

Zßw 4.6

z$i¹é G;IH7-ÅŠ!*CfŠz%ÖV6,ŒƒCì¬%³~âùÅÑÄ¥x™**ƒ@*ìXÑÄ¥x™ä
Zzg6ðF,ZizZziZyÆ‚Bc*Z9Z7-F,ZizZEwƒD÷#{Š6,0*ãÃZq- (Density Bottle) ÆaÑÄ1LÞ

ÐqÝH (Chemical Literature) £g~jZ!âùÆîg6,ZEwHY@*ì,ÑÄZq-¥Š6,6ðÂ!ñZŠ
W:Z®z$h½ð G¢a  (Viscosity Coefficient) Y@*ìXŠzu}%³~Šñƒñ(wc*âùÅz$i¹é G;IH7-
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ÃZEw™Æ¥xHY@*ìXW:Z®z$h½ð G¢aÐZk~ñ�ŠÄ~"Æfg=âùÃŠz¥ (Ostwald Viscometer)

(Time of ¶KâVÐ*ZgZY@*ìXZzgâùÆZyŠz¶KâVÆŠgxy*gäÆa�z‰Ü4ìZÐâùÆ·î»z‰Ü
¹Y@*ìz$h½ð G¢aÃZh§b™s™ÆZzgÈ™Æ¬0*ãÆ·î»z‰ÜZzgQŠz!*g{z$h½ð G¢aÃ flow of liquid)

™sZzgÈ™ÆŠñƒñ**¥xâùÆ·î»z‰Ü¥xHY@*ì#{ÅŠ6,0*ãÅz$i¹é G;Å76ðZŠ!ñZŠÆ
].zwÐqÝÅYCìZzg6āz$i¹é G;ÆÃt~ÒyHŠHìZnÃgñÑc*Ÿ‚Ð**¥xâùÅz$i¹é G;IH7-

C[ÅYCìXZk~ZEwƒäzZÑŸ‚qgzfs~Šc*ŠHìX

Zzg ·îÆZz‡]Ô Zzg ’góâùZzg0*ãÆz$i¹é G;IH7-Å©÷X Zzg ŒV6,
Ñ©÷X

(Procedure) §T¿
ZkŠ/»§i¿Šz”V6,Œƒ@*ì

Zzg  ¬z~Šñ‰âùÅÑÄÅf™**ƒ@*ì  (i)

ÅfƒCìXqgzfs~ (Coefficient of Viscosity) Šzu}z~Šñ‰âùÅz$i¹é G;IH7-   (ii)

tŠz”VÆ§hVÃ,ÐÒyHŠHìX

âùÅÑÄÅf»§i 4.7.1

B{zZáÑD1LÞÃ1Y@*ìXÑD1LÞÃ 10 ~Cc*ŠHìZq-¥w6ā (Figure 1) 1 ÑD1LÞÃ̂
~Cc*ŠHìÑD1LÞÆZz6,ìzZáz 1 Ì¹YYìX6ā̂ (Specific Gravity Bottle) â¦æ…1LÞ

HY@*ìÑD1LÞZzgÄ~eZ^¹Zh§b0*ã (Fit) Æfg=Zh§b© (Capillery Stopper) ÃÄ~eZ^

Ð™s™BZzgZn$̂4-£é GGLZÈic*Z`yÐŠð™ÈƒZÆfg=È™BXZnˆÄ~eZ^Ða}ƒñ
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¤/Zx W1 ÑD1LÞ»ziy6ðF,ZizÆfg=c*Z9Z7-F,ZizÆfg=9ziy¥x™,Zzgâ^™BX�Ûn™zātziy

ìXZnÑ̂Ä1LÞ~>{0*ãZSbeZBā1LÞ6,ƒYñZzgZnì6,ÐÄ~eZ^Ð¢{ÕÑÄ~eZ^Æ
Zz6,ÅRÃÎÇÀ}Ðc*Z~»½Æfg=È™BXc*Šgìātƒ»gzZð#{Š6,„™,ZzgŠ~ËnÅ

p~:WäŠ,#{ŠÌâ^™BXZ[ÑÄ1LÞ�>{0*ãÐ½~ƒðìZeziy¥x™B�Ûn™zātziy

¤/ZxìX W2

ÑÄ1LÞÐ0*ãÃïwŠ,ó{à1LÞÃZh§b™s™ÆÈ™,ZzgZkÃZk%ûŠñƒñâùÐZÏ

§iÐ½Š,6ā0*ãÐHŠHåXZ[ÑÄ1LÞ�âùÐ6,ìZzgÄ~eZ^:æENHZƒZìZk»ziy¥x™,XZzg

¤/ZxìXZyZziZyÅãCŠ6,qgzfs§iÐâùÅÑÄC[™,X W3 â™̂,�Ûn™zātziy

âùÅÑÄÅfÆaˆ!*]

¤/Zx {àÑÄ1LÞìÄ~eZ^»ziy /

¤/Zx >{0*ã»ziy + ÑÄ1LÞìÄ~eZ^ /

¤/Zx Šñƒñâù»ziy + ÑÄ1LÞìÄ~eZ^ /

¤/Zx >{0*ã»ziy /

¤/Zx Šñ‰âù»ziy /

¤/Zx°B{ #{ÅŠ6,0*ãÑÄ)6ðÂ1VÐà̂7( /

<0*ãÅÑÄ âù»ziy
7VwzZá0*ã»ziy

ŠñƒñâùÅÑÄ /

ZzgA$Ÿ‚ƒÇÔ Zq-¤/Zx°B{ƒÂ Z¤/#{ÅŠ6,0*ãÑÄ /

¥x™**: (Time of Flow) âùÆ·î»z‰Ü
¥x (Time of Flow) Šñ‰âùZzgŠzuZ£g~c*jZ!âùªŒV6,0*ãÆÄ~"~Ð·î»z‰Ü
~(Figure 2) 2 ë÷�̂ (Ostwald's Viscometer) z$h½ð G¢a äÆa�W!ZEwHY@*ìZjW:Z® ™

~Cc*ŠHìXTÆŠz!*iîV~†kSV 4.2 ^»†k»W!ƒ@*ì6ā̂ U Cc*ŠHìXW:Z®z$h½ð G¢aZq-
**Ê-@îGúƒ@*ìT D Ð¶K0+„HŠHìX!*N!*izzZÑ¢ E Zzg D Ða}ƒñŠz¢ƒD÷XÃ (Glass Tubes)

ÆD ¶KyìZk¢ B ¢ÆZz6,Æz~ƒ@*ìZzg¢ÆnÆz~ A ƒD÷¶Ky B Zzg A ~Šz¥¶Ky
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ªDƒCìX 10 �½ã (Capillary Tube) ÆnZq-Ä~" B nzZá¶Ky

Æ£«~gN*ƒ@* E ŠZNzZá¢ D ÐªCÙHŠHìX!*NzZÑ¢ E ^z$h½ð G¢aÆŠZN!*iz~�¢ìZÐ

�(,Zƒ@*ìZk~âO])ª¬>{0*ãZzgZnˆ**¥xâù(ŠgzŠZg**…c*ø’Æfg=eZÑY@* E ìŠZNzZÑ¢

ÆZz6,zZàì"Ãg',"Å™Š~YCìZkg',"Æfg=âùÃ D ìCÙ%ûz$h½ð G¢aÃZh§sÐ™s™B!*N¢

~âù¢ E Ððh~Zz6,J-WñXZzgŠZN¢ A ¢ÆZz6,zZá¶Ky D ¢~ZSb5YñāâùŠ!*îÅzz D

J-î~�z‰Ü4ìZjâùÆ·î B J-âùWYñÂZj¶Ky A Æ©}ÃWYñZ#!*N¢ÆZz6,zZá¶Ky
¹Y@*ìXZk·îÆz‰Üâ^HY@*ìŠ/½ã&c*eg!*gŠCÙZc*Y@*ìZzgCÙ (Time of Flow of Liquid) »z‰Ü

!*g�·î»z‰ÜW@*ìZÐnŠñ‰].zw~â^™BZq-âùª0*ãÐŠ/ƒäÆˆ**¥xâù»ÌŠ/ZÏ

J-B Ð¢ÆnzZá¶Ky A ÆZz6,zZá¶Ky D §b™,Zzg·î»z‰Üâ^™,¾nZkŠ/~âùÃ!*N¢

%ûŠCÙZc*Y@*ì 4 Ä~"Æfg=*gä»z‰Ü„âùÆ·î»z‰Üƒ@*ì;Z6\zZaÆfg=â^™1Y@*ì½ã
ZzgegzV»Zz‰ïÑY@*ìqÝ”{·îÆZz‡]Ãqgzfs].zw~Šg`HY@*ìXtc*ŠgìāŠ/ÆŠzgZyŠzâV
!*iîV~âùÅR7VƒãecX
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:âO]Æ·îÆZz‡]DÑÄZzgz$i¹é G;IH7- I ].zw 4.7.4

(Table I : Time of Flow, Density and Coefficient of Viscosity of Liquid)

ˆ!*]:

(Absolute Viscosity) Šñƒñ**¥xâùÅÇz$i¹é G;

ZkŸ‚~

âùÅz$i¹é G;gzxŠ6,

£g~âùª0*ãÅz$i¹é G;#{ÅŠ6,

ŠñƒñâùÅÑÄ#{Š6,

£g~âù6ā0*ãÅÑÄ#{Š6,

·î»z‰Ü**¥xâù»

£g~âù6ā0*ãÆ·î»z‰Ü

Å©6ðZŠ[ÆñZŠ ZzgÑÄ#{Š6, ŒV6,£g~âùª0*ãÅz$i¹é G;#{ÅŠ6,

�ŠñƒñâùÅ ÃŠ"Æfg=qÝHY@*ìZzg Zzg Ô ÐqÝÅYC÷ZzgŠ~YCìX
z$i¹é G;IH7-ìC[HY@*ìX

(Result or Report) ³c*g7ĝ
(gm/ml) ¤/Zx°B{ _________________ Šñƒñ**¥xâùÅÑÄ= (i)

(cp) T7Zõ _________________ Šñƒñ**¥xâùÅz$i¹é G;IH7-= (ii)

)#{ÅŠgzwZg]6,(
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(Precautions) ZôïD+ZÛ
z$h½ð G¢aÃZh§b™s™**ecX (i)

ÑÄ1LÞÅÌð»Ì{mìwgOX (ii)

gOX (Ventrical) Š/ÆŠzgZyz$h½ð G¢aÃÀŠ~ (iii)

£g~âù0*ãZzg**¥xâùŠzâV»w7Vƒ**ecX (iv)

Z(âùŠ"Æa:BTÆ·î»z‰ÜZq-4ÐÁƒX (v)

ÐZh§b™s™,ZzgQ>{0*ãÐ (Chromic Acid) z$h½ð G¢aÃZzgÑÄ1LÞÃ™zîF,˜ (vi)

ŠðBXZnŴy~$4-£é GGLZÈqwc*Z`yÐ™s™ÆÈ™,X

(Table II) II ].zw
0*ãÅÑÄZzgz$i¹é G;IH7-ZŠgzwZg]6,

Density of Water (d) and Coefficient Viscosity (η) at Different Temperature

(η) z$i¹é G; (Density) ÑÄ Šc*ŠgzwZg]

(Temperature)

oC

Ÿ�
S.No

1.0050 0.9982 20 1

0.9579 0.9978 22 2

0.8937 0.9971 25 3

0.8545 0.9965 27 4

0.8007 0.9967 30 5

0.7679 0.9950 32 6

0.7225 0.9941 35 7

0.6947 0.9934 37 8

0.6814 0.9930 38 9

0.6560 0.9922 40 10
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(Table III) III ].zw
ZâO])%·](ÅÑÄZzgz$i¹é G;IH7-

(Coefficient of Viscosity) z$i¹é G;IH7- (Density) ÑÄ %“»**x Ÿ�
S.No.

23.6 31.1 42.7 1.0261 Z"5Ó4è
EGGE 1

4.92 5.61 6.47 0.8842 *.çEEE+ 2

--- 23.0 29.48 0.8134 XçN*bZÈqw n 3

--- --- --- 0.8020 WIçN*bZÈqw 4

--- --- 3.63 1.2706 »g0eZðÏà 5

7.46 8.48 9.75 1.6037 »g06Z³gZà 6

4.64 5.10 5.63 1.4985 ³gzÃgx 7

8.34 10.03 12.00 0.7896 Z#-£é GGLZÈqw 8

2.708 --- 3.26 0.6678 X3½h4è
XGE n 9

--- --- --- 1.1644 eZw 10

4.71 5.25 5.90 0.8716 I( 11

--- --- --- 0.8804 Xf"5Ó4è
JGGE o 12

////////////
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ñÑ**WiZŠDQgŠz-Eg;
!XZöÏ)²d-.n.ç GH(

2�w

%:ZJã6,p
I Zzg86D II **xC6D

Marks : 35 Time : 3 Hours

(10) Zßwn‹c*C§i¿Æfg)Šb‰**¥x‚Š{**xC%“ÅÙ|#Zzg¤&ÙX (a) .1

(05) āuF,Ã̃»gÙZzgZkÆ$©�î EG
0ZqŠÃg7ĝÙX (b)

(05) \+Zzg0*ãÆâÎ*.çEEEzuF,Å̃
$©o-+ö
GG

GÑbÅfÙX (a) .2

(05) Z6Å5À.ð G
Y

¢aÆfg)âùÅÒÚîÅfÙX (b)

(05) i!*ãZJy .3

(05) gkgeÃb .4

///
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