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²Ìí› x•Äyëû

†Äy¢#ëû þ™”yöìíÅîû •›Åyîœ#

1. †Äyöì¢îû †!“þ“þöìcîû ßþº#„þyëÅ=!œ vþzöìÍÔ… „þîûÐ

iV ²Ì!“þ!Ýþ †Äy¢ x¢‚…Ä Ç%þo Ç%þo „þ’yîû ¢›!ÜT !˜öìëû †!àþ“þ ~î‚ vþz£yöì”îû 
¦þîû– xy„þyîû ç xy„,þ!“þöì“þ x˜%îû&þ™Ð

iiV †Äyöì¢îû x’%=!œ !˜îûhsþîû ~!”„þ ç!”öì„þ Š%éÝþyŠ%é!Ýþ „þîûöìŠé ~î‚ þ™îûßþ™îû 
¢‚‡öì¡ìÅ !œ® £öìFŠéÐ

iiiV x %̃=!œîû ¢‚‡¡ìÅ ¢Á™)’Å !ßþi!“þßþiyþ™„þ ~î‚ þ™yöìeîû ö”çëûyöìœîû vþzþ™îû œÁº¦þyöìî 
îœ ²Ìöìëûy† „þöìîûÐ ~„þ„þ öìÇþešþöìœîû vþzþ™îû ²Ìë%_« îœöì„þ †Äyöì¢îû ‰þyþ™ îœy £ëûÐ

ivV †Äyöì¢îû x’%=!œîû ›öì•Ä ö„þy˜ xy„þ¡ìÅ’ îy !î„þ¡ìÅ’ îœ !e«ëûy „þöìîû ˜yÐ
vV †Äyöì¢îû x˜%=!œîû ö›yÝþ xyëû“þ˜ þ™yöìeîû xyëû“þöì˜îû “%þœ˜yëû ˜†’ÄÐ

2. PV = 1/3 mn Crms
2 ¢›#„þîû’!Ýþ ²Ì!“þÛþy „þîûÐ

vþz_îûéôôôé

A B

CD

E

FG

H

•îûyëy„þ ABCDEFGH ~„þ!Ýþ ‡˜„þ ëyîû ²Ì!“þîyýîû ÷”‡ÅÄ L ~î‚ ‡˜öì„þîû 

›öì•Ä m ¦þîû !î!ŸÜT n ¢‚…Ä„þ x’% î“Åþ›y˜Ð x’%=!œ !˜îûhsþîû¦þyöìî cr.m.s. 
†!“þöìî† 

!˜öìëû Š%éÝþyŠ%é!Ýþ „þîûöìŠé ~î‚ þ™yöìeîû vþzþ™îû œÁº¦þyöìî îœ ²Ìöìëûy† „þîûöìŠéÐ •îûy ëy„þ 
cr.m.s. †!“þöìîöì†îû X–Y– ~î‚ Z xÇþ îîûyîîû œÁº vþzþ™y‚¢ ëíye«öì› u– v ~î‚ wÐ

¢%“þîûy‚  Crms
2 = u2 + v2 + w2

•!îû ö„þy˜ ~„þ!Ýþ x’% u †!“þöìî† !˜öìëû ‡˜öì„þîû CDEH “þöìœ xy‡y“þ „þîûœÐ 
öëöì£“%þ ¢‚‡¡ìÅ!Ýþ !ßþi!“þßþiyþ™„þ ¢Á™§¬ “þy£z ö”ëûyöìœ xy‡y“þ „þîûyîû þ™îû ¢›y˜ ç 
!îþ™îû#“þ †!“þöìî† !˜öìëû L ”)îûc x!“þe«› „þöìîû CDEH ~îû !îþ™îû#“þ ö”çëûyœ 
ABGF “þöìœ xy‡y“þ „þîûœÐ

¢%“þîûy‚ ¢‚‡öì¡ìÅîû þ™%îûöìî GH îîûyîîû ¦þîûöìî† = mu
~î‚ ¢‚‡öì¡ìÅîû þ™öìîû ¦þîûöìî† = éôému
x“þ~î ~„þîyîû ¢‚‡öì¡ìÅîû ‹˜Ä ¦þîûöìîöì†îû ö›yÝþ þ™!îûî“Åþ˜ = mu–(–muV 

= 2mu
xyîyîû ²Ì!“þ L ÷”‡ÅÄ x!“þe«› „þîûyîû ‹˜Ä ¢‚‡¡ìÅ £ëû ~„þ!Ýþ ~î‚ ²Ì!“þ ö¢öì„þöìuþ 

¢‚‡öì¡ìÅîû ¢‚…Äy = u/L
¢%“þîûy‚ ²Ì!“þ ö¢öì„þöìuþ ¦þîûöìîöì†îû þ™!îûî“Åþ˜ = 2mu × u/L = 2mu2/ L
x˜%îû*öìþ™ v ç w öîöì†îû ‹˜Ä ²Ì!“þ ö¢öì„þöìuþ ¦þîûöìîöì†îû þ™!îûî“Åþ˜  ëíye«öì› 

2mv2/L ~î‚ 2mw2/L
¢%“þîûy‚ ~„þ!Ýþ ‡˜öì„þîû Šéëû ö”çëûyöìœ ¢‚‡öì¡ìÅîû ‹˜Ä ²Ì!“þ ö¢öì„þuþ ~„þ!Ýþ x’%îû 

ö›yÝþ ¦þîû öîöì†îû þ™!îûî“Åþ˜ = 2mu2/L + 2mv2/L + 2mw2/L
= 2m/LSu2 + v2 + w2V
= 2m Crms

2/L
²Ì!“þ ö¢öì„þuþ  n ¢‚…Ä„þ x’%îû ö›yÝþ ö›yÝþ ¦þîû öîöì†îû þ™!îûî“Åþ˜ =2mn C2/L
!˜vþzÝþöì˜îû !m“þ#ëû †!“þ ¢)e  x˜%¢yöìîû  ²Ì!“þ ö¢öì„þöìuþ ¦þîûöìîöì†îû þ™!îûî“Åþ˜öì„þ 

îœ îöìœÐ
xyîyîû †Äyöì¢îû ‰þyþ™ P = F/A
= 2mn Crms

2/L6L2 [‡˜öì„þîû Šéëû ö”çëûyöìœîû öìÇþešþœ = 6L2]
= mn Crms

2/3L3

P = mn Crms
2/ 3V

îy PV = 1/3 mn Crms
2



3. †Äyöì¢îû †!“þ“þ_´ öíöì„þ ²Ì›y˜ „þîû †Äyöì¢îû †vþü †!“þŸ!_« þ™îû› “þyþ™›yeyîû 
¢›y˜%þ™y!“þ„þÐ

vþz_îûéôôôé †Äyöì¢îû †!“þ“þ_´ öíöì„þ xy›îûy ‹y!˜
îy PV = 1

3 mN Crms
2

~…yöì˜ îy P = †Äyöì¢îû ‰þyþ™– V = †Äyöì¢îû xyëû“þ˜– m = †Äyöì¢îû ²Ì!“þ!Ýþ  
x’%îû ¦þîû– N = xÄyöì¦þy†yöìvÈþy ¢‚…Äy– C = †vþü î†Å öîöì†îû î†Å›)œ öî†

PV = 2
3 N × S 1

2 m Crms
2V.

PV = 2
3 N × e öë…yöì˜ e = ~„þ!Ýþ x’%îû †vþü †!“þŸ!_«

PV = 2
3 E

xy”ŸÅ †Äy¢ ¢›#„þîû’ öíöì„þ ‹y!˜ PV=RT

RT = 2
3 E

E = 3
2
RT

E ∞ T
¢%“þîûy‚ †Äyöì¢îû †vþü †!“þŸ!_« þ™îû› “þyþ™›yeyîû ¢›y˜%þ™y!“þ„þÐ

4. †Äyöì¢îû †!“þ“þ_´ öíöì„þ îöìëûöìœîû ¢)e ²Ì!“þÛþy „þîûÐ

vþz_îûéôôôé
éôé †Äyöì¢îû †!“þ“þ_´ öíöì„þ xy›îûy ‹y!˜–

PV = 1
3 mn Crms

2

PV = 2n/3 × ½ m Crms
2

PV = 2/3 (n × ½ m Crms
2)

PV = 2/3 S†!“þŸ!_«V
xyîyîû †!“þŸ!_« þ™îû› vþz¡Œ“þyîû ¢›y˜%þ™y!“þ
xíÅyê E ∞ T  îy E = KT

¢%“þîûy‚  PV = 2
3  × KT

îy V = 2KT/3P

!ßþiîû “þyþ™›yeyëû 2KT/3 = •Ê&î„þ
îy V = •Ê&î„þ/P
V ∞ 1/P
xíÅyê !ßþiîû “þyþ™›yeyëû ö„þy˜ !˜!”ÅÜT ¦þöìîûîû †Äyöì¢îû xyëû“þ˜ †Äyöì¢îû ‰þyöìþ™îû 

¢öìD îÄhßþy˜%þ™yöì“þ þ™!îûî!“Åþ“þ £ëûÐ

5. †Äyöì¢îû †!“þ“þ_´ öíöì„þ ‰þyœÅ¢ ¢)e ²Ì!“þÛþy „þîûÐ

vþz_îûéôôôé †Äyöì¢îû †!“þ“þ_´ öíöì„þ xy›îûy ‹y!˜
PV = 1

3 mnC2

PV = 2 1
3 2
n   × m Crms

2

PV = 2
3  ( 1

2 M Crms
2)

PV = 2/3 S†!“þŸ!_«V
xyîyîû †!“þŸ!_« þ™îû› vþz¡Œ“þyîû ¢›y˜%þ™y!“þ
xíÅyê E ∞ T îy E=KT
¢%“þîûy‚ PV = 2/3 × KT
îy V = 2KT/3P
!ßþiîû ‰þyöìþ™ 2K/3P = •Ê&î„þ
îy V = •Ê&î„þ × T
V ∞ T
xíÅyê !ßþiîû ‰þyöìþ™ ö„þy˜ !˜!”ÅÜT ¦þöìîûîû †Äyöì¢îû xyëû“þ˜ †Äyöì¢îû þ™îû› vþz¡Œ“þyîû 

¢›y˜%þ™y!“þ„þÐ £z£y£z ‰þyœÅ¢ ¢)eÐ

6. †Äyöì¢îû †!“þ“þ_´ öíöì„þ xÄyöì¦þy†yöìvÈþy ¢)e ²Ì!“þÛþy „þîûÐ

vþz_îûéôôôé†Äyöì¢îû †!“þ“þ_´ öíöì„þ ~„þ£z ‰þyþ™ ç “þyþ™›yeyëû ¢› xyëû“þ˜ ”%!Ýþ 
†Äyöì¢îû öÇþöìe þ™y£zéôôôé

PV = 1/3 m1 n1 c1
2 éôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéS1V

PV = 1/3 m2 n2 c2
2 éôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéS2V

öë…yöì˜ m1, m2, n1, n2,  c1, c2 ²Ì‰þ!œ“þ !‰þ£« î£˜ „þöìîû
~…˜ S1V ç S2V ¢›#„þîû’ öíöì„þ þ™y£z
1/3 m1 n1 c1

2 = 1/3 m2 n2 c2
2



îy m1 n1 c1
2 = m2 n2 c2

2 éôééôééôééôééôééôééôééôééôééôéS3V
öëöì£“%þ ”%!Ýþ †Äyöì¢îû vþz¡Œ“þy ~„þ£z ö¢£z „þyîûöì’ †Äy¢ ”%!Ýþîû †!“þŸ!_« ¢›y˜
¢%“þîûy‚
½ m1c1

2 = ½ m2c2
2

îy m1c1
2 = m2c2

2 éôééôééôééôééôééôééôééôééôééôéS4V
~…˜ S3V ç S4V ¢›#„þîû’ öíöì„þ þ™y£z
n1 m2 c2

2 = n2 m2 c2
2

îy n1 = n2

xíÅyê ~„þ£z ‰þyþ™ ç vþz¡Œ“þyëû ¢›xyëû“þ˜ öë ö„þy˜ †Äyöì¢ ¢›y˜ ¢‚…Ä„þ x’% 
íyöì„þ ~!Ýþ£z £œ xÄyöì¦þy†yöìvÈþy ¢)eÐ

x“þ~î †Äyöì¢îû †!“þ“þ_´ öíöì„þ xÄyöì¦þy†yöìvÈþy ¢)e ²Ì!“þÛþy „þîûy ëyëûÐ

7. †Äyöì¢îû †!“þ“þ_´ öíöì„þ @ùÌy£yöì›îû †Äy¢#ëû îÄyþ™˜ ¢)e ²Ì!“þÛþy „þîûÐ

vþz_îûéôôôé †Äyöì¢îû †!“þ“þ_´ öíöì„þ ²Ì›y˜ „þîûy ëyëû PV = 1/3mn Crms
2

P = †Äyöì¢îû ‰þyþ™– V = †Äyöì¢îû xyëû“þ˜– m = ²Ì!“þ!Ýþ x’%îû ¦þîû– n = ö›yÝþ 
x’% ¢‚…Äy ~î‚ Crms = †vþü  î†Å öîöì†îû î†Å›)œ öî†

P = mn Crms 2/3V
P = mn Crms 2/v
xyîyîû mn/v = †Äyöì¢îû ö›yÝþ ¦þîû /ö›yÝþ xyëû“þ˜ = ‡˜c SdV
P = d Crms

2

îy C = SP/dV½

öëöì£“%þ †Äyöì¢îû îÄyþ™öì˜îû £yîû †Äyöì¢îû †vþü î†Å öîöì†îû î†Å›)œ öîöì†îû 
¢›y˜%þ™y!“þ„þ

r = kC
îy r = k (P/d)½

!ßþiîû ‰þyþ™ ç “þyþ™›yeyëû
îy r = k (P/d)½

îy r = •Ê&î„þ/SdV½

îy r ∞ 1/SdV½

xíÅyê !ßþiîû ‰þyþ™ ç “þyþ™›yeyëû ö„þy˜ †Äyöì¢îû îÄyþ™öì˜îû £yîû vþz_« †Äyöì¢îû 
‡˜öìcîû î†Å›)öìœîû îÄhßþy˜%þ™y!“þ„þÐ ~!Ýþ£z £œ †Äyöì¢îû öÇþöìe  @ùÌy£yöì›îû îÄyþ™’ ¢)eÐ

x“þ~î †Äyöì¢îû †!“þ“þ_´ öíöì„þ @ùÌy£yöì›îû †Äy¢#ëû îÄyþ™˜ ¢)e ²Ì!“þÛþy „þîûy ëyëû Ð

8. †Äyöì¢îû †vþü öî†– †vþü î†Å öîöì†îû î†Å›)œ öî† ç ¢½þyîÄ öîöì†îû îûy!Ÿ›yœy 
öœ… ~î‚ £z£yöì”îû x˜%þ™y“þ !˜’Åëû „þîûÐ

vþz_îûéôôôé †Äyöì¢îû †vþü öîöì†îû îûy!Ÿ›yœy ƒ
†vþü öî† SCa = S8RT/πMV½

†vþü î†Å öîöì†îû î†Å›)œ öî† Crms = S3RT/MV½

¢½þyîÄ öîöì† Cm = S2RT/MV½

Ca : Crms : Cm : = 8RT/πMV½ : (3RT/M)½ : (2RT/M)½

= (8/3.14)½ : 3½ :  2½

= 1.596 : 1.732 :  1.414
= 1.128 : 1.224 : 1.000

9. †Äyöì¢îû †vþü öî†– †vþü î†Å öîöì†îû î†Å›)œ öî† ~„þ ˜ëû vþz”y£îû’ !”öìëû 
îÄy…Äy „þîûÐ

vþz_îûééôôôéé •îûy ëy„þ !“þ˜!Ýþ †Äy¢#ëû x’%îû ²Ìí›!Ýþîû †!“þöìî† 2cm/sec– !m“þ#ëû!Ýþîû 
†!“þöìî† 3cm/sec

~î‚ “,þ“þ#ëû!Ýþîû †!“þöìî† 4cm/secÐ
¢%“þîûy‚ x’% !“þ˜!Ýþîû †vþü î†Å öîöì†îû î†Å›)œ öî† Crms = {(22+32+ 42)/3}½

= 3.22 cm/sec
~î‚ x’% !“þ˜!Ýþîû†vþü öî† SCaV = S2 + 3 + 4V/3
= 3 cm/sec
¢%“þîûy‚ †Äyöì¢îû †vþü öî†– †vþü î†Å öîöì†îû î†Å›)œ öî† ~„þ ˜ëû ~î‚ †vþü 

öîöì†îû “%þœ˜yëû †vþü î†Å öîöì†îû î†Å›)œ öîöì†îû ›y˜ î,£_îûÐ

10. PV = nRT ¢›#„þîû’!Ýþ ²Ì!“þÛþy „þîûÐ

•îûy ëy„þ T þ™îû› “þyþ™›yeyëû n ö›yœ †Äyöì¢îû ‰þyþ™ = P ~î‚ xyëû“þ˜ = V
îöìëûöìœîû ¢)ey˜%ëyëû# V ∞ 1/p Së…˜ n ~î‚ T !ßþiîûV–
‰þyœÅ¢ ¢)ey˜%ëyëû# V ∞ T Së…˜ n ~î‚ P !ßþiîûV ~î‚
xÄyöì¦þy†yöìvÈþy ¢)ey˜%ëyëû# V ∞ n Së…˜ T ~î‚ P !ßþiîû V
¢%“þîûy‚ öëï!†„þ ö¦þöì”îû vþzþ™þ™y”Ä x˜%¢yöìîû
V ∞ nT/P



îy V = nRT/P
îy PV = nRT
x“þ~î n ö›yœ xy”ŸÅ †Äyöì¢îû öÇþöìe †Äy¢#ëû ¢›#„þîû’ £œ PV = nRT

11. öë ö„þy˜ !“þ˜!Ýþ ~„þöì„þ ¢yîÅ‹˜#˜ †Äy¢ •Ê&îöì„þîû SRV ›y˜ !˜’Åëû „þîûÐ

iV CGS ~„þöì„þ R ~îû ›y˜ éôé
xy›îûy ‹y!˜ 1 ö›yœ xy”ŸÅ †Äyöì¢îû öÇþöìe †Äy¢#ëû ¢›#„þîû’ £œ PV = 

RTÐ xyîyîû N.T.P ö“þ 1 @ùÌy› x’% öë ö„þy˜ †Äyöì¢îû xyëû“þ˜ V = 22.4 
!œÝþyîû = 22400 ö¢!›3

†Äyöì¢îû ‰þyþ™ SPV = 76 cm þ™yîû”hßþöì½þîû ‰þyþ™–
†Äyöì¢îû þ™îû›“þyþ™›yey STV = 273K– þ™yîûöì”îû ‡˜c SpV = 13.6 @ùÌy›/

ö¢!›3– x!¦þ„þ¡ìÅ‹ cîû’ SgV = 980 ö¢!›/ö¢öì„þuþ2

~…˜ PV = RT

îy R = PV
T

R = hpgV
T

R = 76 13.6 980 22400
273

  

= 8.314 × 107 xy†Å ö›yœé-1 !vþ!@ùÌé-1

~î‚ S.I. þ™kþ!“þöì“þ R ~îû ›y˜ 8.314 ‹%œ ö›yœé-1 !vþ!@ùÌ-1

iiV !œÝþyîû xÄyÝþ›¢!šþëûyîû ~„þöì„þ R ~îû ›y˜
xy›îûy ‹y!˜ 1 ö›yœ xy”ŸÅ †Äyöì¢îû öÇþöìe †Äy¢#ëû ¢›#„þîû’ £œ PV = RT
öë…yöì˜ †Äyöì¢îû ‰þyþ™ P = 1 atmosphere, V = NPTôéöì“þ 1 ö›yœ †Äyöì¢îû 

xyëû“þ˜ = 22.4 lit.– †Äyöì¢îû vþz¡Œ“þy T = 273K
R = PV/T
R = (1 Atm. × 22.4 lit/ mole)/ 273 kelvin
= 0.0821 !œÝþyîû xÄyÝþ›¢ !vþ!@ùÌ-1 ö›yœ-1

iiiV „þÄyœ!îû ~„þöì„þ R ~îû ›y˜
CGS þ™kþ!“þöì“þ R ~îû ›y˜ 8.314 × 107

8.314 × 107 xy†Å ö›yœé-1 !vþ!@ùÌé-1

xy›îûy ‹y!˜

4.184 × 107 xy†Å = 1 „þÄyœ!îû
8.314 × 107 xy†Å = S8.314 × 107V/S4.184 × 107 xy†ÅV
= 1.987 „þÄyœ!îû

12. ö›yœyîû †Äy¢ •Ê&î„þ R ~îû ~„þ„þ ç ›yey öœ…Ð

vþz_îûéôôôé xy›îûy ‹y!˜
PV = nRT
îy R = PV/nT
îy R ~îû ~„þ„þ = SP ~„þ„þ VV ~„þ„þV /Sn ~„þ„þ × T ~„þ„þV
îy R ~îû ~„þ„þ = Sîœ/ öÇþešþœ × xyëû“þ˜V/ Sö›yœ × þ™îû› “þyþ™›yeyV
îy R ~îû ~„þ„þ = „þyëÅ / ö›yœ × þ™îû› “þyþ™›yey
CGS þ™kþ!“þöì“þ R ~îû ~„þ„þ = xy†Å ö›yœé–1 !vþ!@ùÌ–1

R ~îû ›yey !˜’Åëû ƒ
vþz_îûéôôôé
R ~îû ›yey = ‰þyöìþ™îû ›yey × xyëû“þöì˜îû ›yey × mol–1 × K–1

= Sîöìœîû ›yey / öÇþešþœ ›yeyV × xyëû“þöì˜îû ›yey × mol–1 × K–1

= SMLT–2/L2V × L3 × mol–1 × K–1

= ML2T–2mol–1K–1

13. PV = nRT ¢›#„þîû’ îÄî£yîû „þöìîû „þ#¦þyöìî ö„þy˜ †Äyöì¢îû xy’!î„þ 
=îû&c !˜’Åëû „þîûy £ëûÐ

vþz_îûéôôôé xy›îûy ‹y!˜–  n ö›yœ xy”ŸÅ †Äyöì¢îû öÇþöìe †Äy¢#ëû ¢›#„þîû’!Ýþ £œ
PV = nRT éôééôééôééôééôééôééôééôééôééôééôééôééôééôéS1V
öë…yöì˜ P = †Äyöì¢îû ‰þyþ™– V = †Äyöì¢îû xyëû“þ˜– R = ö›yœyîû †Äy¢ •Ê&î„þ– 

n = ö›yœ ¢‚…Äy– T = þ™îû› “þyþ™›yey
xyîyîû n = w/M
îy PV = (w/M)RT
îy PM = (w/V)RT
îy PM = dRT
îy M = dRT/P
îy M = (d/P) RT éôééôééôééôééôééôééôééôééôééôééôééôééôéS2V



S2V ˜Áºîû ¢›#„þîû’ îÄî£yîû „þöìîû ö„þy˜ x‹y˜y †Äyöì¢îû xy’!î„þ =îû&c 
!˜’Åëû ëyëûÐ

14. †Äyöì¢îû †!“þ “þ_´ öíöì„þ ²Ì›y˜ „þîû †Äyöì¢îû †vþü †!“þŸ!_« †Äyöì¢îû ¦þöìîûîû 
vþzþ™îû !˜¦ÅþîûŸ#œ ˜ëûÐ

†Äyöì¢îû †!“þ“þ_´ öíöì„þ xy›îûy ‹y!˜
îy PV = 1/3 mNC2

rms

öë…yöì˜ P = †Äyöì¢îû ‰þyþ™– V = †Äyöì¢îû xyëû“þ˜– m = †Äyöì¢îû ²Ì!“þ!Ýþ  
x’%îû ¦þîû– N = xÄyöì¦þy†yöìvÈþy ¢‚…Äy– Crms = †vþü î†Å öîöì†îû î†Å›)œ öî†

PV = 2/3 N × (1/2 m Crms
2)

PV = 2/3 N × (1/2 m Crms
2)

PV = 2/3 N × e– öë…yöì˜ e = ~„þ!Ýþ x’%îû †vþü †!“þŸ!_«
PV = 2/3 E
xy”ŸÅ †Äy¢ ¢›#„þîû’ öíöì„þ ‹y!˜ PV = RT
RT = 2/3 E
E = (3/2)RT  éôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéS1V
öëöì£“%þ Ÿ!_«îû îûy!Ÿ›yœyëû ¦þöìîûîû ö„þy˜ þ™” StermV ö˜£z ~£z „þyîûöì˜£z †Äyöì¢îû 

†vþü †!“þŸ!_« ¦þöìîûîû vþzþ™îû !˜¦ÅþîûŸ#œ ˜ëûÐ

15. †Äyöì¢îû ‰þyþ™– vþz¡Œ“þy ç ‡˜öìcîû ›öì•Ä ¢Á™„Åþ öœ…Ð

vþz_îûéôôôé îöìëûöìœîû ¢%ey˜%¢yöìîû
V ∞ 1/P [ë…˜ †Äyöì¢îû ¦þîû ç vþz¡Œ“þy xþ™!îûî!“Åþ“þ íyöì„þ]
îy V = K/P– öë…yöì˜ K = •Ê&î„þ
îy V1/V2 = P2/P1 éôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéS1V
xyîyîû V = M/D öë…yöì˜ D = ‡˜c– M = ¦þîû– V = xyëû“þ˜
V1/V2 = D2/D1 éôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéS2V
~…˜ S1V ç S2V öíöì„þ þ™y£z
P2/P1 = D2/D1

îy D ∞ P
xyîyîû ‰þyœÅ¢ ¢%ey˜%¢yöìîû
V ∞ T  ë…˜ ¦þîû ç ‰þyþ™ xþ™!îûî!“Åþ“þ íyöì„þÐ

îy V = KT
îy V1/V2 = T1/T2 éôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéS3V
~…˜ V = M/D öë…yöì˜ D = ‡˜c– M = ¦þîû– V = xyëû“þ˜
V1/V2 = D2/D1 éôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéS4V
~…˜ S3V ç S4V öíöì„þ þ™y£z
D2/D1 = T1/T2

îy D ∞ 1/T
¢%“þîûy‚
îöìëûöìœîû ¢)e öíöì„þ þ™y£z D ∞ P ~î‚
‰þyœÅ¢ ¢)e öíöì„þ þ™y£z D ∞ 1/T
öëï!†„þ ö¦þöì”îû vþzþ™þ™y”Ä öíöì„þ þ™y£z
D ∞ P/T
îy D = KP/T öë…yöì˜ K = •Ê&î„þ
îy DT/P = K
îy D1T1/P1 = D2T2/P2 =K
îy D1T1/P1 = D2T2/P2

~!Ýþ£z £œ ‰þyþ™– “þyþ™›yey ç ‡˜öìcîû ›öì•Ä ¢Á™„Åþ

16. xßþºy¦þy!î„þ îyÜ™ ‡˜c îœöì“þ „þ# öîyGþÚ xßþºy¦þy!î„þ îyÜ™ ‡˜öìcîû 
„þyîû’ „þ#Ú

vþz_îûéôôôé xy›îûy ‹y!˜ ö„þy˜ †Äyöì¢îû xy’!î„þ =îû&c vþz£yîû îyÜ™ ‡˜öìcîû 
!m=’Ð !„þlsþ ö„þy˜ ö„þy˜ öÇþöìe îyÜ™ ‡˜öìcîû ~£z “þy!_´„þ ›y’– £z£yîû þ™îû#Çþyœ¸þ 
›yöì˜îû “%þœ˜yëû xöì˜„þ öî!Ÿ îy xöì˜„þ „þ›Ð †Äyöì¢îû ~£zîû*þ™ îÄ!“þe«›# ‡˜cöì„þ 
xßþºy¦þy!î„þ îyÜ™ ‡˜cÐ

NH4Cl(g) = NH3(g) + HCl(g)
xßþºy¦þy!î„þ îyÜ™ ‡˜öìcîû „þyîû’ ƒ
xßþºy¦þy!î„þ îyÜ™ ‡˜öìcîû „þyîû’ £œ x’%îû !îöìëûy‹˜ xíîy ¢‚öìëy‹˜Ð öë›˜ 

“þyþ™›yey î,!kþöì“þ xÄyöì›y!˜ëûy› ö„Ïþyîûy£zöìvþîû !îöìëûy‹˜ ›yey î,!kþ þ™yëû šþöìœ x’% 
¢‚…Äy öîöìvþü ëyçëûyëû xyëû“þöì˜îû î,!kþ ‡öìÝþ !„þlsþ ¦þîû xþ™!îûî!“Åþ“þ íy„þyëû ‡˜c 
£Éy¢ þ™yëûÐ xþ™îûþ™öìÇþ xÄyœ%!›ëûy› ö„Ïþyîûy£zöìvþîû öÇþöìe vþy£z›yîû †àþ˜ „þîûyëû îyÜ™ 
‡˜öìcîû þ™îû#Çþyœ¸þ ›y˜– “þy!_´„þ ›yöì˜îû “%þœ˜yëû öî!ŸÐ



2AlCl3 (g) =  Al2Cl6 (g)

17. HI x’% !îöìëûy!‹“þ £çëûy ¢öì_´ç xßþºy¦þy!î„þ îyÜ™ ‡˜c ö”…y ëyëû ˜y 
ö„þ˜Ð

vþz_îûéôôôé HI x’% !îöìëûy!‹“þ £çëûy ¢öì_´ç xßþºy¦þy!î„þ îyÜ™ ‡˜c ö”…y ëyëû 
˜y „þyîû’ ”%£z x’% HI !îöìëûy!‹“þ £öìëû ~„þ x’% H2 ~î‚ ~„þ x’% I2 vþzêþ™§¬ £ëûÐ 
öëöì£“%þ x’% ¢‚…Äyîû ö„þy˜ þ™!îûî“Åþ˜ £ëû ˜y  šþöìœ xyëû“þöì˜îû ö„þy˜ þ™!îûî“Åþ˜ 
˜y £çëûyëû îyÜ™ ‡˜öìcîû þ™îû#Çþyœ¸þ ç “þy!c„þ ›yöì˜îû ö„þy˜ þ™yíÅ„þÄ ö”…y ëyëû 
˜yÐ îûy¢yëû!˜„þ ¢›#„þîû’éôôôé

2HI = H2 + I2

18. !Ýþ„þy öœ…éôé ²Ìy!hsþ„þ ‡˜c

vþz_îûéôôôé xy›îûy ‹y!˜
PV = nRT öë…yöì˜ P = †Äyöì¢îû ‰þyþ™– V = †Äyöì¢îû xyëû“þ˜– n = ö›yœ 

¢‚…Äy– R = ö›yœyîû †Äy¢ •Ê&î„þ– T = þ™îû› vþz¡Œ“þy
PV = (w/M)RT– öë…yöì˜ w = †Äyöì¢îû ç‹˜ ~î‚ M = †Äyöì¢îû xy’!î„þ 

=îû&c
îy PM = (w/V)RT
îy PM = dRT– öë…yöì˜ d = †Äyöì¢îû ‡˜c
îy M = (d/P)RT éôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéS1V
~£z ¢›#„þîû’!Ýþ îÄî£yîû „þöìîû †Äyöì¢îû xy˜!î„þ ç‹˜ !˜’Åëû „þîûy ö†öìœç 

!î!¦þ§¬ ‰þyöìþ™ xy’!î„þ =îû&öìcîû ›y˜ þ™!îûî!“Åþ“þ £ëû „þyîû’ Sd/PV ~îû ›y˜ xy”ŸÅ 
†Äyöì¢îû öÇþöìe •Ê&î„þ íy„þöìœç îyhßþî †Äyöì¢îû öÇþöìe ‰þyöìþ™îû þ™!îûî“Åþöì˜îû ¢öìD Sd/
PV ~îû ›y˜ þ™!îûî!“Åþ“þ £ëûÐ “þy£z Sd/PV î˜y› P öœ…!‰þe x‚„þ˜ „þîûöìœ ~„þ!Ýþ 
¢îûœöìîû…y þ™yçëûy ëyëû ~î‚ ¢îûœöìîû…y!Ýþöì„þ Ÿ)˜Ä ‰þyöìþ™ î!•Å“þ „þîûöìœ Sd/PVp=0 ~îû 
›y˜ þ™yçëûy ëyëûÐ ~£z Sd/PVp=0 ~îû ›y˜öì„þ ²Ìy!hsþ„þ ‡˜c îœy £ëûÐ ~…˜ S1V 
˜Áºîû ¢›#„þîûöì’ Sd/PVp=0 ö„þy˜ †Äyöì¢îû ¢!àþ„þ xy’!î„þ =îû&c !˜’Åëû „þîûy ëyëûÐ

19. ›Äy:çöìëûöìœîû xy˜î öî† î^ùÝþ˜ ¢)e!Ýþ ~î‚ £z£yîû †y!˜“þ„þ îû*þ™!Ýþ öœ…Ð

vþz_îûéôôôé ›Äy:çöìëûœ 1860 !…ÊÞÝþyöì· ¢½þyîÄéôé˜#!“þîû !¦þ!_ „þöìîû †Äy¢#ëû 
x’%=!œîû xy’!î„þ öî† î^ùÝþ˜ ¢›#„þîû’ ²Ì!“þÛþy „þöìîû˜Ð î^ùÝþ˜ ¢)e x˜%¢yöìîû  

†Äyöì¢îû x’%=!œ x˜îîû“þ !˜öì‹öì”îû ›öì•Ä ~î‚ þ™yöìeîû ö”çëûyöìœîû ¢öìD ¢‚‡öì¡ìÅ 
!œ® £çëûyîû ‹˜Ä vþz£yöì”îû öî† ²Ì!“þ!˜ëû“þ þ™!îûî!“Åþ“þ £öì“þ íyöì„þÐ !„þŠ%é ¢‚…Ä„þ 
x’%îû †!“þöìî† …%î£z öî!Ÿ– !„þŠ%é ¢‚…Ä„þ x’%îû †!“þöìî† …%î£z „þ› ~î‚ !„þŠ%é 
¢‚…Äöì„þîû †!“þöìî† ›•Ä› ²Ì„,þ!“þîû xíÅyê x’%=!œîû †!“þöìî† ~„þ!Ýþ !˜!”ÅÜT ¢#›yîû 
›öì•Ä î!rÝþ“þ £ëûÐ ›Äy:çöìëûöìœîû öî† î^ùÝþ˜ ¢›#„þîû’!Ýþ £œ

dnc/dc = 4πn(M/2πRT)3/2.e–MC2/2RT.C2

îy dnc/ n = 4π (M/2πRT)3/2.e–MC2/2RT.C2 dc
öë…yöì˜ n = ö›yÝþ x’%îû ¢‚…Äy– dnc = ö›yÝþ x’%îû öë ¦þ@Ày‚Ÿ C ~î‚ C 

+ dC ~îû ›•Äî“Åþ# öî† ¢Á™§¬ ö¢£z x’% ¢‚…Äy– M = xy˜!î„þ ¦þîû– T = 
†Äyöì¢îû þ™îû› vþz¡Œ“þyÐ

20. “þyþ™›yey ç xy’!î„þ ¦þöìîûîû þ™!îûî“Åþöì˜ ›Äy:çöìëûöìœîû xy˜!î„þ öî† 
î^ùÝþ˜ öœ…!‰þöìeîû „þ#îû*þ™ þ™!îûî“Åþ˜ £öìî “þy ö”…yçÐ

vþz_îûéôôôé!“þ˜!Ýþ  !¦þ§¬ vþz¡Œ“þyëû ~„þ£z †Äyöì¢îû öî† î^ùÝþ˜ öœ…!‰þe ˜#öì‰þ ö”…y˜ 
£œÐ vþz¡Œ“þy  î,!kþöì“þ öî† î,!kþ þ™yëû  šþöìœ x’%îû öî† î^ùÝþ˜ öœ…!‰þöìeîû vþzF‰þ“þy 
„þöì› ëyëû ~î‚ öœ…!‰þe vþy˜ !”öì„þ ¢öìîû ëyëûÐ vþzF‰þ vþz¡Œ“þyëû öî!Ÿ ¢‚…Ä„þ x’% 
vþzF‰þe †!“þöìîöì† íyöì„þ ~î‚ „þ› ¢‚…Ä„þ x’% !˜Á¬ †!“þöìîöì† íyöì„þÐ “þyþ™›yey 
£Éy¢ „þîûöìœ öœ…!‰þöìeîû vþzF‰þ“þy „þöì› ëyëûÐ

C

1
n

dnc
dc

T1

T2

T3

T1 < T2 < T3



xy’!î„þ ¦þöìîûîû þ™!îûî“Åþöì˜ x’% öî† î^ùÝþöì˜îû öœ…!‰þöìeîû

C

1
n

dnc
dc

T1

M2

M3

M1 < M2 < M3M1

x’%îû xy’!î„þ ¦þîû ë“þ £Éy¢ þ™yëû †!“þöìî† “þ“þ î,!kþ þ™yëûÐ ~£z „þyîûöì’ xy’!î„þ 
¦þîû î,!kþöì“þ x’%îû öî† î^ùÝþ˜ öœ…!‰þöìeîû vþzF‰þÝþy £Éy¢ þ™yëûÐ

21. Ÿ!_«îû ¢› î^ùÝþ˜ ¢%e!Ýþ öœ…Ð !˜Á¬!œ!…“þ x’%=!œîû ö›yÝþ †!“þŸ!_« 
!˜’Åëû „þîûÐ

He, H2, CO2, O3, NH3 ~î‚ CH4

vþz_îûéôôôé  †Äy¢#ëû x’%îû ßþiy˜yhsþîû ‹!˜“þ ö›yÝþ †!“þŸ!_«îû !“þ˜ !”öì„þ !“þ˜!Ýþ 
ßþºy“þsþf›yey xyöìŠé xíÅyê †!“þŸ!_« x– y ~î‚ z xÇþ îîûyîîû ¢›y˜¦þyöìî î!rÝþ“þ £ëûÐ 
£z£yöì„þ ¢›!î¦þy‹˜ îy ¢›î^ùÝþ˜ ¢)e îœy £ëûÐ ßþiy˜yhsþîû ‹!˜“þ ö›yÝþ †!“þŸ!_«îû 

›y˜ 3
2 KT £öìœ ²Ì!“þ!Ýþ vþzþ™y‚öì¢îû Ÿ!_« £öìî 1

2 KT ~îû ¢›y˜Ð †Äyöì¢îû 
ßþiy˜yhsþîû ‹!˜“þ Ÿ!_« Šéyvþüyç x’%=!œîû ‡)’Å˜ ç „þÁ™˜‹!˜“þ Ÿ!_« î“Åþ›y˜Ð 
¢%“þîûy‚ ö„þy˜ †Äyöì¢îû ö›yÝþ Ÿ!_« E £öìœÐ

E = Etran + Erot + EVib

xyîyîû ~„þ þ™îû›y˜%„þ †Äyöì¢îû öÇþöìe ö„þy˜ ‡)’Å˜ ç „þÁ™˜ ‹!˜“þ Ÿ!_« 
íyöì„þ ˜yÐ

öë›˜ He ~îû ö›yÝþ Ÿ!_«
E = Etran + Erot + EVib

E = (Ex + Ey + Ez) + Erot + EVib
E =  ½ KT + ½ KT + ½ KT + 0 + 0
E = 3/2 KT
H2 ~îû ö›yÝþ Ÿ!_« E =  Etranslationa  + Erotational + EVibrational
= 392 KT + 2 × ½KT + 2 × ½KT
= 792 KT 
CO2 ~îû ö›yÝþ Ÿ!_« !˜’Åëû  CO2 ~„þ!Ýþ !eþ™îû›y˜%„þ ¢îûœ÷ìîû!…„þ x˜%
E = Etranslational + Erotational + EVibrationa
E = 3/2 KT + 3 × ½KT + 2 (3n–5) × ½ KT
E = 3/2 KT + 3/2 KT + 2 (3×3–5) × ½ KT
E = 3KT + 4KT
E = 7KT
O3– ~„þ!Ýþ x¢îûœ÷ìîû!…„þ x’%
x“þ~î ö›yÝþ †!“þ Ÿ!_« E = Etranslational + Erotational +   EVibrationa
E = 3/2 KT + 3 × ½KT + 2(3n–6) × ½KT
E = 3/2 KT + 3/2 KT + 2(3×3–6) × ½KT
= 3 KT + 3KT
= 6KT
NH3 ~„þ!Ýþ x¢îûœ÷ìîû!…„þ ‰þ“%þîûþ™îû›y˜%„þ x’%Ð
¢%“þîûy‚ ö›yÝþ †!“þŸ!_« E = Etranslational + Erotational +  EVibrationa
E = 3/2 KT + 3 × 1/2 KT + 2 (3n–6) × 1/2 KT
E = 3/2 KT + 3/2 KT + 2 (3x4–6) × 1/2 KT
= 9 KT
~î‚ CH4 ~„þ!Ýþ þ™Mþé þ™îû›y˜%„þ ~î‚ x¢îûœ÷ìîû!…„þ x’%Ð
¢%“þîûy‚ ö›yÝþ †!“þŸ!_« E = Etranslational + Erotational + EVibrationa
E = 3/2 KT  + 3 × ½ KT + 2(3n–6) × ½KT
E = 3/2 KT  + 3/2 KT + 2(3×5–6) × ½ KT
= 3 KT + 9 KT
= 12KT

21. îlßþîû “þyþ™@ùÌy!£“þyîû ¢‚Kþy ”yçÐ !ßþiîû ‰þyöìþ™ ç !ßþiîû xyëû“þöì˜ †Äyöì¢îû 
“þyþ™@ùÌy!£“þyîû ¢‚Kþy ”yçÐ

vþz_îûéôôôé ö„þy˜ îlßþîû vþz¡Œ“þy 1o î,!kþ „þîûöì“þ öë “þyöìþ™îû ²Ìöìëûy‹˜ £ëû “þyöì„þ£z 
îlßþîû “þyþ™@ùÌy!£“þy îöìœÐ



!ßþiîû ‰þyöìþ™ †Äyöì¢îû “þyþ™@ùÌy!£“þyîûéôé !ßþiîû ‰þyöìþ™ ö„þy˜ †Äyöì¢îû vþz¡Œ“þy 1o î,!kþ 
„þîûöì“þ öë “þyöìþ™îû ²Ìöìëûy‹˜ £ëû “þyöì„þ£z !ßþiîû ‰þyöìþ™ †Äyöì¢îû “þyþ™@ùÌy!£“þyîû îöìœÐ 
£z£yöì„þ Cp myîûy ²Ì„þyŸ „þîûy £ëûÐ

!ßþiîû xyëû“þöì˜ †Äyöì¢îû “þyþ™@ùÌy!£“þyîûéôé !ßþiîû xyëû“þöì˜  ö„þy˜ †Äyöì¢îû vþz¡Œ“þy 1o 
î,!kþ „þîûöì“þ öë “þyöìþ™îû ²Ìöìëûy‹˜ £ëû “þyöì„þ£z !ßþiîû xyëû“þöì˜ †Äyöì¢îû “þyþ™@ùÌy!£“þyîû 
îöìœÐ £z£yöì„þ CV myîûy ²Ì„þyŸ „þîûy £ëûÐ

22. ²Ì›y’ „þîû Cp ~îû ›y˜ Cv öíöì„þ îvþüÐ îÄy…Äy „þîûÐ

vþz_îûéôôôé !ßþiîû xyëû“þöì˜ ö„þy˜ îlßþîû vþz¡Œ“þy 1o î,!kþ „þîûöì“þ öë “þyöìþ™îû ²Ìöìëûy‹˜ 
£ëû “þyöì„þ£z !ßþiîû xyëû“þöì˜ ›œyîû “þyþ™ @ùÌy£#“þy îœy £ëûÐ †Äy¢ „þ“Å,þ„þ ~£z †,£#“þ 
“þyþ™ ›)œ“þ †Äyöì¢îû †!“þŸ!_« ç xyhsþîûŸ!_« î,!kþöì“þ îÄ!ëû“þ £ëûÐ •îûy ëy„þ 1 
@ùÌy› x’% ö„þy˜ ~„þ þ™îû›y˜%„þ †Äyöì¢îû vþz¡Œ“þy TK öíöì„þ î,!kþ öþ™öìëû ST + 1VK 
ö“þ „þîûy £œÐ ¢%“þîûy‚ †!“þŸ!_« î,!kþ

E2–E1 = 3/2(RT + 1) – 3/2RT
îy Δ E = 3/2R S T + 1 – TV
îy Cv = 3/2R– öë…yöì˜ Cv = !ßþiîû xyëû“þöì˜ ö›yœyîû “þyþ™@ùÌy!£“þy
!ßþiîû ‰þyöìþ™ ö„þy˜ îlßþîû vþz¡Œ“þy 1o î,!kþ „þîûöì“þ öë “þyöìþ™îû ²Ìöìëûy‹˜ £ëû “þyöì„þ 

!ßþiîû ‰þyöìþ™ “þyþ™@ùÌy!£“þy îöìœÐ öëöì£“%þ †Äyöì¢îû ‰þyþ™ SPV !ßþiîû ö¢£z „þyîûöì’ †Äyöì¢îû 
xyëû“þ˜ î,!kþîû ‹˜Ä †Äy¢ „þ“Å,þ„þ !„þŠ%é îy!£Ä„þ „þy‹ „þöìîûöìŠéÐ x“þ~î !ßþiîû ‰þyöìþ™ ~„þ 
ö›yœ ö„þy˜ ~„þ þ™îû›y˜%„þ †Äyöì¢îû vþz¡Œ“þy TK öíöì„þ î,!kþ öþ™öìëû ST + 1VK ö“þ 
þ™!îû’“þ „þîûöì“þ öë “þyöìþ™îû ²Ìöìëûy‹˜ £ëû ö¢£z “þyöìþ™îû !„þŠ%é x‚Ÿ †Äyöì¢îû †!“þŸ!_« 
ç xyhsþîûŸ!_« î,!kþöì“þ ç îy!£Ä„þ „,þ“þ„þyëÅ ¢Á™§¬ „þîûöì“þ îÄ!ëû“þ £ëûÐ •îûy ëy„þ 
†Äyöì¢îû ²Ìyí!›„þ xyëû“þ˜ V1 ~î‚ x!hsþ› xyëû“þ˜ V2Ð x“þ~î îy!£Ä„þ „,þ“þ„þyëÅ 
W = P (V2–V1)Ð ~…˜ †Äyöì¢îû ²Ìyí!›„þ Ÿ!_« E1 ~î‚ x!hsþ› Ÿ!_« E2 £öìœ

Cp = E2–E1 + W
îy Cp = ΔE + P (V2–V1)
îy Cp = ΔE + P (V2–V1)
îy Cp = Cv + R (T + 1–T)
îy Cp = Cv + R
îy Cp  > Cv

¢%“þîûy‚ Cp ~îû ›y˜ Cv öíöì„þ îvþü

23. Cp–Cv = •Ê&î„þ !„þlsþ Cp/Cv ~îû ›y˜ þ™!îûî“Åþ˜Ÿ#œÐ îÄy…Äy „þîûÐ

vþz_îûéôôôé xy›îûy ‹y!˜ Cp = Cv + R
îy Cp – Cv = R
R ö„þ ö›yœyîû †Äy¢ •Ê&î„þ îœy £ëûÐ £z£yîû ›y˜ †Äyöì¢îû ²Ì„,þ!“þîû vþzþ™îû !˜¦Åþîû 

„þöìîû ˜yÐ öë ö„þy˜ †Äyöì¢îû öÇþöìe K ~îû ›y˜ •Ê&î„þÐ ~£z „þyîûöì’ öë ö„þy˜ 
†Äyöì¢îû öÇþöìe Cp – Cv = •Ê&î„þ íyöì„þÐ !„þlsþ Cp/Cv ~îû ›y˜ þ™!îûî“Åþ˜Ÿ#œ 
„þyîû’ £z£y †Äyöì¢îû þ™yîû›y˜!î„þ“þyîû vþzþ™îû !˜¦Åþîû „þöìîûÐ öë›˜ ~„þ– !m ~î‚ !e 
þ™yîû›y˜!î„þ“þy ¢Á™§¬ xÄy!¢öìvþîû Cp/Cv ~îû ›y˜ 1.66– 1.41– ~î‚ 1.40Ð 
Cp – Cv = •Ê&î„þ !„þlsþ  Cp/Cv ~îû ›y˜ þ™!îûî“Åþ˜Ÿ#œ Ð

24. Cp/Cv ~îû ›y˜ 1 ~î‚ 1.66 ~îû ›•Äî“Åþ# ²Ì›y˜ „þîûÐ

vþz_îûéôôôé Cp/Cv = [(5/2)R + χ] / [(3/2)R + χ]
öë…yöì˜ Χ = ‡)’Å˜ ç „þÁ™˜‹!˜“þ Ÿ!_« î,!kþöì“þ †,£#“þ Ÿ!_«Ð
~„þ þ™îû›y˜%„þ †Äyöì¢îû öÇþöìe Χ = 0
Cp/Cv = 5/3
= 1.66
x!•„þ þ™îû›y˜%„þ †Äyöì¢îû öÇþöìe [(5/2)R + Χ] = Χ
~î‚ [(3/2) R + Χ ] = Χ
¢%“þîûy‚ Cp/Cv = Χ / Χ
= 1

25. ¢‚‡¡ìÅ ¢‚…Äy ~î‚ ¢‚‡¡ìÅ =’yBþ îœöì“þ „þ# öîyGþÚ ¢‚‡¡ìÅ =’yöìBþîû 
îûy!Ÿ›yœy!Ýþ „þîûÐ ¢‚‡¡ìÅ îÄyöì¢îû ¢‚Kþy ”yçÐ

vþz_îûéôôôé ¢‚‡¡ìÅ SCollision frequencyVéôé ²Ì!“þ ‡˜ ö¢!› S !¢!¢V xyëû“þ˜ 
ö„þy˜ †Äyöì¢ vþzþ™!ßþi“þ x’% ¢‚…Äy =!œîû ›öì•Ä ²Ì!“þ ö¢öì„þöìuþ ö›yÝþ ¢‚‡¡ìÅöì„þ  
¢‚‡¡ìÅ =’yBþ îöìœÐ

¢‚‡¡ìÅ ¢‚…Äy SCollision NumberVéôé  ²Ì!“þ ‡˜ ö¢!› S !¢!¢V xyëû“þöì˜îû 
ö„þy˜ †Äyöì¢ x˜Ä ¢„þœ x˜%îû ¢öìD ~„þ!Ýþ x’%îû  ²Ì!“þöì¢öì„þöìuþ ¢‚‡¡ìÅöì„þ ¢‚‡¡ìÅ 
¢‚…Äy SCollision NumberV îöìœÐ

²Ì!“þ ö¢öì„þöìuþ ²Ì!“þ ‡˜ ö¢!› xyëû“þöì˜ ~„þ!Ýþ x’%îû ¢öìD x˜Ä ¢„þœ x’%îû  
¢‚‡¡ìÅ ¢‚…Äy



Z1 = π σ2Can
1 öë…yöì˜ Ca = x’%îû †vþü †!“þöìî†– n = ²Ì!“þ ‡˜ ö¢!› 

xyëû“þöì˜ x’% ¢‚…Äy– σ = ¢‚‡¡ìÅ îÄy¢
²Ì!“þ ö¢öì„þöìuþ ²Ì!“þ ‡˜ ö¢!› xyëû“þöì˜ ¢„þœ x’%îû  ¢‚‡¡ìÅ ¢‚…Äy
Z1= π σ2Can

2

~îyîû ²Ì!“þ!Ýþ ¢‚‡öì¡ìÅîû ‹˜Ä „þ›þ™öìÇþ ”%!Ýþ x’%îû ²Ìöìëûy‹˜Ð
¢%“þîûy‚ ²Ì!“þ ö¢öì„þöìuþ ²Ì!“þ ‡˜ ö¢!› xyëû“þöì˜ x’%îû ¢‚‡¡ìÅ ¢‚…Äy

Z11 = 
2( 2 2 )

2
ac n

¢‚‡¡ìÅ îÄy¢– ”%!Ýþ x’%îû ö„þwmöìëûîû ›öì•Ä ¢îÅ!˜Á¬ ”)îûcöì„þ ¢‚‡¡ìÅ îÄy¢ îöìœÐ 
~!Ýþöì„þ σ myîûy ²Ì„þyŸ „þîûy £ëûÐ

25. ›%_« þ™í ç †vþü ›%_« þ™í îœöì“þ „þ# öîyGþÐ ²Ì›y˜ „þîû †vþü ›%_« þ™í 
†Äyöì¢îû vþz¡Œ“þyîû ¢›y˜%þ™y!“þ„þ ~î‚ ‰þyöìþ™îû îÄhßþy˜%þ™y!“þ„þÐ

vþz_îûéôôôé þ™îû þ™îû ”%!Ýþ ¢‚‡öì¡ìÅîû îÄî•yöì˜ öë ”)îûc x!“þe«› „þöìîû “þyöì„þ£z ›%_« 
þ™í îöìœÐ ²Ì!“þ!Ýþ ›%_« þ™öìíîû ÷”‡ÅÄ ¢›y˜ ˜ëûÐ “þy£z ›%_«þ™í=!œîû †vþü ›y˜öì„þ 
†vþü ›%_« þ™í îöìœÐ ¢%“þîûy‚ †vþü ›%_« þ™í

1 1
1

2 2 2
1 a

a a

C
C n C n 

  ²Ì!“þ ö¢ö„ì þö[ì þ ö›yÝþ x!“þe«yhsþ ”î) cû
²Ì!“þ ö›yÝþ ¢‚‡ö¡ì ìÅîû  ¢‚… Äy  S1V

~…˜ xy”ŸÅ †Äy¢ ¢›#„þîû’ öíöì„þ þ™y£z
PV = nRT
V ~îû ›y˜ 1 ‡˜ ö¢!› £öìœ

îy P. 1 = n
N RT

îy n = PN
RT

S1V ˜Áºîû ¢›#„þîû’ öíöì„þ þ™y£z

1
2 2

RT
PNI


 

l = •Ê&î„þ × T
P   öë…yöì˜ 

2 2
R

N
 = •Ê&î„þ

†vþü ›%_« þ™í SlV  T ë…˜ P !ßþiîû

~î‚  †vþü ›%_« þ™í SlV  1
P  ë…˜ T !ßþiîû

¢%“þîûy‚ vþz¡Œ“þy î,!kþöì“þ †vþü ›%_« þ™öìíîû ÷”‡ÅÄ î,!kþ þ™yëû ~î‚ ‰þyþ™ î,!kþöì“þ 
†vþü ›%_« þ™öìíîû ÷”‡ÅÄ £Éy¢ þ™yëûÐ

26. ¢yw“þy ç ¢yw“þy =’yBþ îœöì“þ „þ# öîyGþÚ ¢yw“þy =’yöìBþîû ›yey öœ…Ð 
CGS ç SI þ™kþ!“þöì“þ ¢yw“þy =’yöìBþîû ~„þ„þ öœ…Ð

vþz_îûéôôôé“þîûœöì„þ xöì˜„þ=!œ hßþîû !£öì¢öìî ›öì˜  „þîûy £ëû ~î‚ “þîûœ ²Ìîy£# 
îlßþ £çëûyëû ²Ìîy£›y˜ „þyöìœ ~„þ!Ýþ hßþîû ë…˜ xþ™îû hßþöìîûîû vþzþ™îû !”öìëû ²Ìîy!£“þ 
£ëû “þ…˜ “þîûöìœîû vþzþ™îû hßþöìîûîû †!“þöì„þ “¤þyîû ˜#öì‰þîû hßþîû ‡¡ìÅ’‹!˜“þ îy•y ¢,!ÜT 
„þöìîûÐ ~£z¦þyöìî ö„þy˜ ²Ìîy£›y˜ “þîûöìœîû !î!¦þ§¬ hßþöìîûîû ›öì•Ä x¦þÄhsþîû#’ ‡¡ìÅ’ 
‹!˜“þ îy•yîû ¢,!ÜT „þöìîû “þîûöìœîû †!“þöìî†öì„þ £Éy¢ „þöìîûÐ ~£z îû*þ™ îy•yöì„þ “þîûöìœîû 
¢yw“þy îöìœÐ

Stationary  path

v=0

Velocity = maximum

velocity Gradient

a
b
c
d
e

•!îû ~„þ!Ýþ “þîûœ ˜öìœîû ›•Ä !”öìëû ²Ìîy!£“þ £öìFŠé ~î‚ “þîûœ!Ýþ xöì˜„þ=!œ 
hßþöìîû !î¦þ_«Ð ˜öìœîû †ye ¢‚œ@À “þîûöìœîû hßþîû!Ýþ !ßþiîûÐ ˜öìœîû ö„þöìwîû !”öì„þ 
x@ùÌ¢îû £öìœ †!“þöìî† î,!kþ öþ™öì“þ íyöì„þ ~î‚ ö„þöìw “þîûœ hßþöìîûîû †!“þöìî† 
¢öìîÅyF‰þ ›yöì˜ öþ™ïŠéyëûÐ •îûy ëy„þ b ç c hßþöìîûîû ›•Äî“Åþ# ”)îûc dr ~î‚ b hßþöìîûîû 
†!“þöìî† vÐ ¢%“þîûy‚ b hßþöìîû †!“þöìî† ‹!˜“þ ˜!“þ dv

dr Ð ¢%“þîûy‚ b ç c hßþîû 
”%!Ýþîû þ™yÙ»Åî“Åþ# hßþöìîûîû ›öì•Ä ‡¡ìÅ’ ‹!˜“þ îœ SFV ßþ™ŸÅ ë%_« hßþöìîûîû öìÇþešþöìœîû 
SAV ~î‚ †!“þöìî†‹!˜“þ ˜!“þîû ¢›y˜%þ™y!“þ„þÐ

¢%“þîûy‚–
F ∞ A × dv

dr



îy F = ƞ A × dv
dr  öë…yöì˜ ƞ = ¢›y˜%þ™y!“þ„þ •Ê&î„þ

ë!” ßþ™ŸÅ ‹!˜“þ öìÇþešþœ A = 1 ~î‚ †!“þöìî† ‹!˜“þ ˜!“þ = 1 “þy£öìœ =
F = ƞ .1 × 1
îy F = ƞ
¢%“þîûy‚ ~„þ„þ öìÇþešþœ !î!ŸÜT ”%!Ýþ hßþöìîûîû ~„þ„þ ˜!“þöìî† î‹yëû îûy…öì“þ ßþ™ŸÅ 

“þöìœ öë ‡¡ìÅ’ îœ x˜%¦)þ“þ £ëû “þyöì„þ£z ú “þîûöìœîû ¢yw“þy‚„þ îöìœÐ
CGS þ™kþ!“þöì“þ ¢yw“þy‚öì„þîû ~„þ„þ þ™öìëû‹ îy vþy£z˜ ö¢öì„þuþ /ö¢!›2

SI þ™kþ!“þöì“þ ¢yw“þy‚öì„þîû ~„þ„þ !˜vþzÝþ˜ ö¢öì„þuþ /!›Ýþyîû2

¢yw“þy‚öì„þîû ›yeyéôé

îy F = ƞ A × dv
dr

îy ƞ = × 1
/

F
A dv dr

ƞ = îœ
öÇþešþœ.†!“þöîì †/”î) cû

ƞ = 2
2. .1/L

T

MLT
L L



¢yw“þyîû ~„þ„þ = ML–1T–1

27. “þyþ™›yeyîû þ™!îûî“Åþöì˜ †Äyöì¢îû ¢yw“þy „þ#îû*öìþ™ þ™!îûî!“Åþ“þ £ëûÐ

vþz_îûéôôôé †Äy¢#ëû þ™”yöìíÅîû ¢yw“þyîû vþzêþ™!_îû „þyîû’ “þîûœ þ™”yöìíÅîû ¢yw“þy 
öíöì„þ xyœy”yÐ “þîûœ þ™”yöìíÅîû x!•„þ †!“þöìî† ¢Á™§¬ hßþîû ë…˜ xöìþ™Çþy„,þ“þ „þ› 
†!“þöìî† ¢Á™§¬ hßþöìîûîû vþzþ™îû !”öìëû †!“þŸ#œ “þ…˜ “¤þyöì”îû ßþ™ŸÅ “þöìœ !îþ™îû#“þ›%!… 
‡¡ìÅ’‹!˜“þ îœ !e«ëûy „þöìîû !„þlsþ †Äy¢#ëû þ™yöìíÅîû !î!¦þ§¬ hßþöìîûîû ~îû*þ™ ‡¡ìÅ’‹!˜“þ 
îœ !e«ëûy „þöìîû ˜yÐ †Äy¢#ëû þ™”yöìíÅîû ”%!Ýþ hßþöìîûîû ›öì•Ä ¦þîûöìîöì†îû !î!˜›ëû ‡öìÝþÐ 
¦þîûöìîöì†îû ~£z !î!˜›ëû£z £œ †Äy¢#ëû þ™”yöìíÅîû ¢yw“þyîû „þyîû’Ð “þyþ™›yey î,!kþ 
„þîûöìœ ¦þîûöìîöì†îû ~£z !î!˜›ëû ›yey î,!kþ þ™yëûÐ šþöìœ “þyþ™›yey î,!kþöì“þ †Äy¢#ëû 
þ™”yöìíÅîû ¢yw“þy î,!kþ þ™yëûÐ

28. vþzF‰þ‰þyþ™ ç !˜Á¬‰þyöìþ™ îyhßþî †Äyöì¢îû xÄy›y†y öîû…y x‚„þ˜ „þîûÐ

vþz_îûéôôôéxÄy›y†y 1881 !…ÊÞÝþyöì· !î!¦þ§¬ †Äy¢ !˜öìëû !ßþiîû vþz¡Œ“þyëû vþzF‰þ ç 

!˜Á¬ ‰þyöìþ™ PV î˜y› P öœ…!‰þe x‚„þ˜ „þöìîû˜Ð PV ö„þ Y xÇþ ~î‚ P ö„þ 
X xÇþ •îûy £ëûÐ

P

PV
PV = RT

200 atm 400 atm 600 atm

CO2

He

H2

P

PV

0.2 atm 0.4 atm 0.6 atm 0.8 atm

PV=RT Ideal Gas

NH3

CO2

N2

H2



29. !î!¦þ§¬ vþz¡Œ“þyëû „þyîÅ˜ vþy£z x:y£zöìvþîû P î˜y› V xÄy!uÈþvþz öœ…!‰þe– 
SAndrew CurvesV x‚„þ˜ „þîû ~î‚ îÄy…Äy „þîûÐ

vþz_îûéôôôé !îKþy˜# xÄy!uÈþvþz „þyîÅ˜ vþy£z x:y£zvþ †Äyöì¢îû ¢BþÝþ vþz¡Œ“þy !˜’Åöìëûîû 
‹˜Ä !î!¦þ§¬ !ßþiîû vþz¡Œ“þyëû ‰þyþ™ SPV î˜y› xyëû“þ˜ SVV öœ…!‰þe x‚„þ˜ „þöìîû˜ 
ëy xÄy!uÈþvþz îe«öìîû…y (Andrew Curves) ˜yöì› þ™!îû!‰þ“þÐ 48oC “þyþ™›yeyëû 
öœ…!‰þe!Ýþ ²Ì„,þ!“þ ¢›þ™îûyî,_ Srectangular hyperbolaVÐ îöìëûöìœîû ¢)ey˜%¢yöìîû 
PV = •Ê&î„þ ~î‚ !ßþiîû vþz¡Œ“þyëû ‰þyþ™ SPV  î˜y› xyëû“þ˜ SVV öœ…!‰þe!Ýþîû ²Ì„,þ!“þ

E
B

21.5oC

P

V

48oC

13.1oCGas -liquid

liquid

Liquid
Gas

Gas

Gas

Gas

Gas-Liquid

Critical Temp.

Liquid

AC

D
31.1oC

F

G H

I

J

K L

M

¢›þ™îûyî,_ Srectangular hyperbolaV ~£z “þyþ™›yeyëû „þyîÅ˜ vþy£z x:y£zvþ 
†Äy¢ ²Ìyëû îöìëûöìœîû ¢)e ö›öì˜ ‰þöìœÐ 31.1oC “þyþ™›yeyëû CDE ~îû ”%!Ýþ x‚ŸÐ 
31.1oC “þyþ™›yeyöì„þ ¢BþÝþ vþz¡Œ“þy îöìœÐ ~£z “þyþ™›yeyëû !„þ‚îy ~£z “þyþ™›yeyîû 
˜#öì‰þ ‰þyþ™ ²Ìöìëûy† „þöìîû „þyîÅ˜ vþy£z x:y£zvþ †Äy¢öì„þ “þîûöìœ þ™!îû’“þ „þîûy ëyëûÐ 
CDE öœ…!‰þöìeîû CD x‚Ÿ!Ýþ “þîûœ ~î‚ DE x‚Ÿ!Ýþ †Äy¢Ð 21.5oC “þyþ™›yeyëû 
FGHI öœ…!‰þöìeîû !“þ˜!Ýþ x‚ŸÐ FG x‚Ÿ!Ýþ “þîûœ xîßþiy !˜öì”ÅŸ „þöìîûÐ GH 
x‚Ÿ!Ýþ “þîûœ ç †Äyöì¢îû ¢£îßþiy˜ !˜öì”ÅŸ „þöìîûÐ ~Šéyvþüyç xyëû“þ˜ î,!kþöì“þ †Äyöì¢îû 
‰þyþ™ xþ™!îûî!“Åþ“þ íyöì„þ ëy †Äy¢#ëû ¢)öìeîû !îîû&öìkþÐ HI x‚Ÿ!Ýþ †Äy¢#ëû xîßþiy 

!˜öì”ÅŸ „þöìîûÐ 31.1oC “þyþ™›yeyëû JKLM öœ…!‰þe!Ýþ !˜öì”ÅŸ „þöìîû ëy FGHI 
~îû x˜%îû*þ™Ð

30. xy”ŸÅ †Äy¢ ç îyhßþî †Äy¢ †Äyöì¢îû ›öì•Ä þ™yíÅ„þÄ öœ…Ð

31. †Äyöì¢îû ¢‚˜›Ä“þy =˜öì„þîû SZV ¢‚Kþy ”yçÐ ‰þyþ™ î,!kþöì“þ îyhßþî †Äyöì¢îû 
¢‚˜›Ä“þy =˜öì„þîû SZV ›y˜ ²Ìíöì› £Éy¢ þ™yëû ~î‚ þ™öìvþü î,!kþ þ™yëûÐ îÄy…Äy „þîûÐ

vþz_îûéôôôé ö„þy˜ îyhßþî †Äyöì¢îû PV ~îû ›y˜ xy”ŸÅ †Äyöì¢îû PV ~îû “%þœ˜yëû 
ë“þ=’ ö¢£z ¢‚…Äyöì„þ ú îyhßþî †Äyöì¢îû ¢‚˜›Ä“þy =˜„þ îöìœÐ xy”ŸÅ †Äyöì¢îû 
¢‚˜›Ä =˜öì„þîû SZV ›y˜ 1 !„þlsþ îyhßþî †Äyöì¢îû SZV ›y˜ 1 öíöì„þ öî!Ÿ îy 
„þ› £öì“þ þ™yöìîûÐ

~„þ ö›yœ xy”ŸÅ †Äyöì¢îû öÇþöìe SPV)ideal = Z RT
îy PV = RT öëöì£“%þ Z=1
xyîyîû îyhßþî †Äyöì¢îû öÇþöìe SPV)real  RT
†Äyöì¢îû ¢‚˜›Ä =˜öì„þîû SZ) = ( )PV real

PVideal
ë…˜ îyhßþî ç xy”ŸÅ †Äyöì¢îû ‰þyöìþ™îû ›y˜ ¢›y˜ “þ…˜
Z = Vreal

Videal
ë…˜ Vreal > Videal “þ…˜ Z > 1
xyîyîû xÄy›y†y öîû…y öíöì„þ ö”…y ëyëû ~„þ!Ýþ !ßþiîû vþz¡Œ“þyëû ç ~„þ£z ‰þyöìþ™ 

îyhßþî †Äyöì¢îû xyëû“þ˜ xy”ŸÅ †Äy¢ xöìþ™Çþy xyœy”y xíÅyê îyhßþî †Äyöì¢îû xyëû“þ˜ 
xy”ŸÅ †Äy¢ öî!Ÿ îy „þ› £öì“þ þ™yöìîûÐ

ë…˜  Vreal > Videal “þ…˜ Z > 1
~î‚ ë…˜ Vreal < Videal “þ…˜ Z < 1



~„þ£z ‰þyþ™ ç vþz¡Œ“þyëû !„þŠ%é !„þŠ%é îyhßþî †Äy¢ öë›˜ ˜y£zöìÝþÆyöì‹˜ ~î‚ „þyîÅ˜ 
vþy£z x:y£zvþ †Äyöì¢îû xyëû“þ˜ ú ‰þyþ™ ç vþz¡Œ“þyëû xy”ŸÅ †Äyöì¢îû xyëû“þ˜ 
xöìþ™Çþy „þ› ~î‚ vþz¡Œ“þy !ßþiîû öîûöì… ‰þyþ™ î,!kþ „þîûöìœ ²Ìíöì› xyëû“þ˜ £Éy¢ ~î‚ 
þ™öìîû î,!kþ þ™yëû šþöìœ z ~îû ›y˜ ²Ìíöì› 1 ~îû ö‰þöìëû „þ› £ëû ~î‚ þ™öìîû 1 ~îû 
ö‰þöìëû öîöìvþü ëyëûÐ

1

1.5

2.0

0.5

0

Z

P
200 atm 400 atm 600 atm 800 atm

CO2

N2

34. ¦þÄy˜ vþyîû çëûyœ¢ !„þ¦þyöìî ‰þyþ™ ç xyëû“þ˜ ¢‚öìŸy•˜ „þöìîû îyhßþî †Äyöì¢îû 
¢›#„þîû’ ²Ì!“þÛþy „þöìîû˜Ð “þy xyöìœy‰þ˜y „þîûÐ

vþz_îûéôôôé¦þÄy˜ vþyîû çëûyœ¢ îyhßþî †Äyöì¢îû x’%=!œîû xyhsþƒxy’!î„þ xy„þ¡ìÅ’ 
îœ !e«ëûy „þîûyëû þ™yöìeîû ö”çëûyöìœ ~„þ„þ öÇþešþöìœ öë îœ ²Ìöìëûy† „þöìîû xíÅyê 
öë ‰þyþ™ ¢,!ÜT „þöìîû “¤þyîû ›y˜ xy”ŸÅ †Äyöì¢îû ‰þyþ™ xöìþ™Çþy „þ› £ëûÐ „þyîû’ xy”ŸÅ 
†Äyöì¢îû ›öì•Ä ö„þy˜ xyhsþƒxy’!î„þ xy„þ¡ìÅ’ îœ íyöì„þ ˜yÐ ~£z „þyîûöì’ îyhßþî 
†Äyöì¢îû xîßþiyîû ¢›#„þîû’ ²Ì!“þÛþy „þîûöì“þ ‰þyþ™ ¢‚öìŸy•öì˜îû ²Ìöìëûy‹˜ £ëûÐ “þy£z 
†Äyöì¢îû †!“þ“þ_´ öíöì„þ ²Ìy® ‰þyþ™ SPV ~îû ¢öìD †Äyöì¢îû xyhsþƒxy’!î„þ xy„þ¡ìÅ’ 
‹!˜“þ ¢‚¢!_« Ýþy˜ SPaV öëy† „þöìîû ¢‚öìŸy•˜ „þîûy £ëûÐ xyîyîû †!“þ“þ_´ x˜%ëyëû# 
x’%=!œöì„þ !î¨% !£öì¢öìî „þÒ˜y „þîûy £ëûÐ !„þlsþ îyhßþöìî †Äyöì¢îû x’%=!œîû xyëû“þ˜ 

x!“þ Ç%þo £öìœç “¤þyîû ~„þ!Ýþ !˜!”ÅÜT ›y˜ xyöìŠé ~î‚ ~£z ›y˜ ~öì„þîyöìîû ˜†’Ä 
˜ëûÐ ¦þÄy˜ vþyîû çëûyœ¢ ¢îÅ²Ìí› ‰þyþ™ ç xyëû“þ˜ ¢‚öìŸy•˜ „þöìîû îyhßþî †Äyöì¢îû 
¢›#„þîû’ ²Ì!“þÛþy „þöìîû˜Ð

xyëû“þ˜ ¢‚öìŸy•˜éôé
öëöì£“%þ ²Ì!“þ!Ýþ x’%îû ~„þ!Ýþ !˜!”ÅÜT xyëû“þ˜ xyöìŠé “þy£z †Äy¢ x’% myîûy x!•„,þ“þ 

xyëû“þ˜ þ™yöìeîû xyëû“þöì˜îû ö‰þöìëû „þ› £ëûÐ ë!” ²Ì!“þ ö›yœ x’%îû xyëû“þ˜ b ~î‚ 
þ™yöìeîû xyëû“þ˜ V £ëû “þy£öìœ x’%=!œîû ßþºy•#˜¦þyöìî !î‰þîûöì’îû îy ‰þœyöìšþîûyîû 
‹˜Ä xyëû“þöì˜îû þ™!îû›y’ VéôébÐ ¢%“þîûy‚ ~„þ ö›yœ †Äyöì¢îû ¢‚öìŸy!•“þ xyëû“þ˜ 
£œ VéôébÐ

‰þyþ™ ¢‚öìŸy•˜éôé ~„þ!Ýþ x’% þ™yöìeîû ö”çëûyöìœ xy‡y“þ „þîûyîû þ™)îÅ ›%£)öì“Åþ “¤þyîû 
‰þy!îûþ™yöìŸîû †Äyöì¢îû x˜Äy˜Ä x’%=!œ myîûy xy„,þÜT £ëûÐ ~£z xy„,þÜT îöìœîû ›y˜ 
†Äyöì¢îû ~„þ„þ xyëû“þöì˜ vþzþ™!ßþi“þ x˜%¢‚…Äyîû vþzþ™îû !˜¦ÅþîûŸ#œ xíÅyê †Äyöì¢îû 
‡˜öìcîû ¢›y˜%þ™y!“þ„þÐ

xyîyîû ¢‚‡¡ìÅ„þyîû# x’%îû ¢‚…Äyç †Äyöì¢îû ‡˜öìcîû vþzþ™îû !˜¦ÅþîûŸ#œÐ x“þ~î 
†Äyöì¢îû ¢„þœ ¢‚‡¡ìÅ„þyîû# x’% ¢‚…Äyîû vþzþ™îû ¢‚¢!_« Ýþy˜ SPaV †Äyöì¢îû ‡˜öìcîû 
SdV îöì†Åîû ¢›y˜%þ™y!“þ„þÐ

¢%“þîûy‚ Pa ∞ d2

îy Pa ∞ 1/V2     öëöì£“%þ d ∞ 1
v

îy Pa = a/V2     öë…yöì˜ a = ¦þÄy˜ vþyîû çëûyœ¢ •Ê&î„þ
¢%“þîûy‚ ‰þyþ™ ¢‚öìŸy•öì˜îû þ™îû 1 ö›yœ îyhßþî †Äyöì¢îû öÇþöìe ¢‚öìŸy!•“þ ‰þyþ™ 

= P + Pa

= P + a/V2

~„þ ö›yœîû ‹˜Ä xy”ŸÅ †Äy¢ ¢›#„þîûöì’ ¢‚öìŸy!•“þ ‰þyþ™ ç ¢‚öìŸy!•“þ 
xyëû“þöì˜îû ›y˜ î¢yöìœ xîßþiyîû ¢›#„þîû’!Ýþ £öìî

(P + 2
a
v ) (V–b) =RT

~î‚ n ö›yœ †Äyöì¢îû ‹˜Ä ¦þÄy˜ vþyîû çëûyœ¢ ¢›#„þîû’!Ýþ £öìî

(P + 
2

2
an
v

) (v–nb) = nRT

35. ¦þÄy˜ vþyîû çëûyœ¢ •Ê&î„þ a ~î‚ ~îû ~„þ„þ öœ…Ð

vþz_îûéôôôé¦þÄy˜ vþyîû çëûyœ¢ •Ê&î„þ a ~„þ„þ xÄyÝþ›!ß³þëûyîû !œÝþyîû2 ö›yœé–2



~î‚ b ~„þ„þ !œÝþyîû ö›yœé–1

36. …%î !˜Á¬ ç vþzF‰þ ‰þyöìþ™ ¦þÄy˜ vþyîû çëûyœ¢ ¢›#„þîû’!Ýþ „þ#îû*þ™ £öìîÚ

xíîy
¦þÄy˜ vþyîû çëûyœ¢ ¢›#„þîûöì˜îû ¢y£yöìëÄ „þ#¦þyöìî  !˜Á¬ ç vþzF‰þ ‰þyöìþ™ xÄy›y†y 

öîû…y îÄy…Äy „þîûy ëyëû
vþz_îûéôôôé …%î !˜Á¬ ‰þyöìþ™ †Äyöì¢îû xyëû“þ˜ ~“þÝþy öîöìvþü ëyëû öë V ~îû “%þœ˜yëû 

b~îû xyëû“þ˜Ð ö¢£z öÇþöìe V–b  V
x“þ~î ¦þÄy˜ vþyîû çëûyœ¢ ¢›#„þîûöì˜îû þ™!îûî!“Åþ“þ îû*þ™
SP + 2

a
v ) V = RT

îy PV + a
v  = RT

îy PV = RT – a
v

îy PV < RT
¦þÄy˜ vþyîû çëûyœ¢ ¢›#„þîûöì˜îû ¢y£yöìëÄ !˜Á¬ ‰þyöìþ™ xÄy›y†y öîû…y!Ýþ 

îÄy…Äy „þîûy ëyëû
!˜Á¬ ‰þyöìþ™ xÄy›y†y öîû…y éôé

PV PV =RT

0.2 0.4 0.6 0.8 1.0

P atm

…%î vþzF‰þ ‰þyöìþ™
P ~îû “%þœ˜yëû 2

a
v

¢%“þîûy‚ 2( )a
v

P P 
þ™!îûî!“Åþ“þ ¢›#„þîû’!Ýþ
P(V–b) = RT
îy PV – Pb = RT
îy PV = RT + Pb
PV > RT
¦þÄy˜ vþyîû çëûyœ¢ ¢›#„þîûöì˜îû ¢y£yöìëÄ vþzF‰þ ‰þyöìþ™ xÄy›y†y öîû…y!Ýþ îÄy…Äy 

„þîûy ëyëûÐ vþzF‰þ ‰þyöìþ™ xÄy›y†y öîû…y

PV PV =RT

P atm
200 atm 400 atm 600 atm

N2

H2
He

CO2

37. £y£zöìvÈþyöì‹˜ ~î‚ !£!œëûy› †Äyöì¢îû xßþºy¦þy!î„þ xy‰þîûöì’îû „þyîû’ !„þÚ

vþz_îûéôôôé£y£zöìvÈþyöì‹˜ ç !£!œëûy› †Äy¢ …%î £yÍñy ö›ïœ xíÅyê vþz£yöì”îû xy’!î„þ 
¦þîû …%î „þ›Ð xy’!î„þ ¦þîû „þ› £çëûyëû xyhsþƒxy’!î„þ xy„þ¡ìÅ’ îœ …%î „þ›Ð 

šþöìœ ¢‚¢!_« Ýþy˜ 2
a
v  ~îû ›y˜ P ~îû “%þœ˜yëû ˜†’ÄÐ ~£z xîßþiyëû ¦þÄy˜ vþyîû 

çëûyœ¢ ¢›#„þîûöì’îû îû*þ™!Ýþ ~îû*þ™ myîûyëû
P(V–b) = RT
îy PV – Pb = RT



îy PV = RT + Pb
PV > RT
~îû öíöì„þ ²Ì›y!’“þ £ëû öë £y£zöìvÈþyöì‹˜ ~î‚ !£!œëûy› †Äyöì¢îû xÄy›y†y 

öîû…y!Ýþ xy”ŸÅ öîû…y öíöì„þ vþz•¹Å›%…#Ð

38. ¦þÄy˜ vþyîû çëûyœ¢ ¢›#„þîûöì’îû ¢yšþœÄ ç îÄíÅ“þy xyöìœy‰þ˜y „þîûÐ

vþz_îûéôôôé ¢yšþœÄéôé
iV ¦þÄy˜ vþyîû çëûyœ¢ ¢›#„þîûöì’îû ¢y£yöìëÄ vþzF‰þ ç !˜Á¬ ‰þyöìþ™ xÄy›y†y öîû…y 

îÄy…Äy „þîûy ëyëûÐ
iiV ¦þÄy˜ vþyîû çëûyœ¢ ¢›#„þîûöì’îû ¢y£yöìëÄ vþzF‰þ ‰þyöìþ™ îyhßþî †Äyöì¢îû ¢‚˜›Ä“þy 

•Ê&îöì„þîû ›y˜ ~„þöì„þîû ö‰þöìëû öî!Ÿ SZ > 1V ~î‚ !˜Á¬ ‰þyöìþ™ ~„þ ~îû ö‰þöìëû „þ› 
SZ<1V “þy îÄy…Äy „þîûy ëyëûÐ

iiiV ë!” ”%!Ýþ †Äyöì¢îû ¦þÄy˜ vþyîû çëûyœ¢ •Ê&î„þ òaó ~îû ›y˜ ‹y˜y íyöì„þ 
“þy£öìœ  öë †Äyöì¢îû òaó ~îû ›y˜ öî!Ÿ ö¢£z †Äy¢!Ýþ xyöì† “þîûöìœ þ™!îû’“þ £öìîÐ

ivV ¦þÄy˜ vþyîû çëûyœ¢ •Ê&î„þ òaó ç òbó ~îû ›y˜ ë“þ „þ› £öìî †Äy¢!Ýþ x˜y”ŸÅ 
xy‰þîû’ öíöì„þ “þ“þÝþy xy”ŸÅ ‰þ!îûöìeîû !”öì„þ ~!†öìëû ëyöìîÐ

¦þÄy˜ vþyîû çëûyœ¢ ¢›#„þîûöì’îû îÄíÅ“þy–
iV ¦þÄy˜ vþyîû çëûyœ¢ •Ê&î„þ òaó ç òbó ~îû ›y˜ ‰þyþ™ ç vþz¡Œ“þy î,!kþöì“þ î,!kþ 

þ™yëûÐ !„þlsþ ~!Ýþ „þy›Ä ˜ëûÐ
iiV ¦þÄy˜ vþyîû çëûyœ¢ ¢›#„þîû’ x˜%ëyëû# Vc = 3b ~î‚ 2.67c

c c

RT
P V   !„þlsþ 

þ™îû#Çþyœ¸þ ›y˜ xyœy”y xíÅyê Vc = 2b ~î‚ 3.67c

c c

RT
P V 

39. ‰þyþ™ î,!kþöì“þ îyhßþî †Äyöì¢îû ¢‚˜›Ä“þy =˜öì„þîû ›y˜ vþzF‰þ ‰þyöìþ™ ~öì„þîû 
öî!Ÿ ~î‚ !˜Á¬ ‰þyöìþ™ ~öì„þîû „þ›éôé îÄy…Äy „þîûÐ

vþz_îûéôôôé 1 ö›yœ †Äyöì¢îû öÇþöìe  ¦þÄy˜ vþyîû çëûyœ¢ ¢›#„þîû’
SP + 2

a
v ) (V–b) = RT

…%î !˜Á¬ ‰þyöìþ™ ¢›#„þîû’!Ýþ éôé
…%î !˜Á¬ ‰þyöìþ™ †Äyöì¢îû xyëû“þ˜ ~“þÝþy öîöìvþü ëyëû öë V ~îû “%þœ˜yëû b~îû 

xyëû“þ˜ ˜†’ÄÐ ö¢£z öÇþöìe V–b  V
x“þ~î ¦þÄy˜ vþyîû çëûyœ¢ ¢›#„þîûöì˜îû þ™!îûî!“Åþ“þ îû*þ™
SP + 2

a
v ) V = RT

îy PV + a
v  = RT

îy PV =  RT – a
v

îy PV < RT

îy PV
RT  < 1

îy Z < 1

1

1.5

2.0

0.5

0

Z

P
200 atm 400 atm 600 atm 800 atm

CO2
N2

…%î vþzF‰þ ‰þyöìþ™
P ~îû “%þœ˜yëû 2

a
v  ˜†’Ä

¢%“þîûy‚ 2( )a
v

P P 
þ™!îûî!“Åþ“þ ¢›#„þîû’!Ýþ
P(V–b) = RT
îy PV – Pb = RT
îy PV = RT + Pb
îy PV > RT

îy PV
RT > 1

îy Z > 1



40. ²Ì›y˜ „þîû îyhßþî †Äyöì¢îû x’%=!œ vþz£yöì”îû !˜‹ßþº xyëû“þöì˜îû ‰þyîû=’ 
xyëû“þ˜ ”…œ „þöìîûÐ

vþz_îûéôôôé•!îû ²Ì!“þ!Ýþ x’%îû îÄy¢y•Å rÐ ¢%“þîûy‚ ²Ì!“þ!Ýþ x’%îû xyëû“þ˜ 4
3 πr3Ð

rr

A B

2r

xyîyîû ë…˜ ”%!Ýþ x˜%îû*þ™ x’% þ™îûßþ™îû ¢‚‡öì¡ìÅ !œ® £ëû “þ…˜ “¤þyöì”îû 
xyhsþ!˜vþz!„Ïþëûyîû ”)îûc 2rÐ x“þ~î 2r ö„þ îÄy¢y•Å •öìîû ~„þ!Ýþ ö†yœ„þ „þÒ˜y „þîûöìœ 

vþz_« ö†yœöì„þîû xyëû“þ˜ £öìî 4
3 π(2r)3 = 8 × 4

3 πr3Ð xyîyîû ²Ì!“þ!Ýþ ¢‚‡öì¡ìÅîû 
‹˜Ä „þ›þ™öìÇþ ”%!Ýþ x’%îû ²Ìöìëûy‹˜ ~î‚ 2r îÄy¢yöì•Å öë ö†yœ„þ „þÒ˜y „þîûy 
£öìëûöìŠé vþz_« ö†yœöì„þ “,þ“þ#ëû ö„þy˜ x’% ~„þ£z ¢öìD ¢‚‡öì¡ìÅ !œ® £çëûy x¢½þîÐ 
²Ì„,þ“þþ™öìÇþ ¢‚‡öì¡ìÅîû !œ® ²Ì!“þ!Ýþ x’% öë xyëû“þ˜ ”…œ „þöìîû “¤þyîû xyëû“þ˜ = 

(8 × 4
3 πr3) / 2 = 4 × 4

3 πr3 = 4 × ~„þ!Ýþ x’%îû xyëû“þ˜Ð

41. ¢BþÝþ vþz¡Œ“þy– ¢BþÝþ ‰þyþ™ ç ¢BþÝþ xyëû“þ˜ „þyöì„þ îöìœÚ

vþz_îûéôôôé öë “þyþ™›yeyîû vþzþ™öìîû ö„þy˜ †Äy¢öì„þ ë“þ£z ‰þyþ™ ²Ìöìëûy† „þîûy £vþz„þ 
˜y ö„þ˜ †Äy¢ „þ…˜£z “þîûöìœ þ™!îû’“þ £ëû ˜y ö¢£z vþz¡Œ“þyöì„þ ¢BþÝþ vþz¡Œ“þy îöìœÐ 
öë›˜ „þyîÅ˜ vþy£z x:y£zöìvþîû ¢BþÝþ vþz¡Œ“þy 31.1oCÐ

¢BþÝþ ‰þyþ™éôé ¢BþÝþ vþz¡Œ“þyëû öîûöì… ö„þy˜ †Äy¢öì„þ ¢îÅ!˜Á¬ öë ‰þyþ™ ²Ìöìëûy† „þîûöìœ 
ú †Äy¢ “þîûöìœ þ™!îû’“þ £ëû ö¢£z ‰þyþ™öì„þ ¢BþÝþ ‰þyþ™ îöìœÐ

¢BþÝþ xyëû“þ˜– ¢BþÝþ vþz¡Œ“þy ç ‰þyöìþ™ ~„þ ö›yœ þ™!îû›y’ ö„þy˜ †Äy¢ öë 
xyëû“þ˜ x!•„þyîû „þöìîû “þyöì„þ ¢BþÝþ xyëû“þ˜ îöìœÐ

42. ²Ì›y˜ „þîû 8
3

c

c c

RT
P V 

vþz_îûéôôôé  xÄy\$öì‹îû þ™îû#Çþyœ¸þ „þyîÅ̃  vþy£z x:y£zvþ †Äyöì¢îû P î˜y› V ¢öì›y¡Œ 
öœ…!‰þe ˜#öì‰þ ö”…y˜ £œÐ xyîyîû „þyîÅ˜ vþy£z x:y£zvþ †Äyöì¢îû •Ê&î„þ òaó ç  òbó 
~îû ›y˜ ¦þÄy˜ vþyîû çëûyœ¢ ¢›#„þîûöì˜ î!¢öìëû P î˜y› V ¢öì›y¡Œ öœ…!‰þe x‚„þ˜ 

„þîûy £œ ëy !î¨% öîû…y myîûy ˜#öì‰þ ö”…y˜ £œÐ ¦þÄy˜ vþyîû çëûyœöì¢îû öîû…y=!œ 
“þy!_´„þ !„þlsþ xÄy\$öì‹îû öîû…y=!œ þ™îû#Çþyœ¸þÐ xyîyîû xÄy\$öì‹îû þ™îû#Çþyœ¸þ ç 
¦þÄy˜ vþyîû çëûyœöì¢îû “þy!_´„þ öîû…y=!œîû ›öì•Ä !„þŠ%é ¢y”,ŸÄ ç !„þŠ%é ÷î¢y”,ŸÄ œÇþ 
„þîûy ëyëûÐ ¦þÄy˜ vþyîû çëûyœöì¢îû S öœ…!‰þöìeîû BCDEF x‚Ÿ ~î‚ xÄy\$öì‹îû 
öœ…!‰þöìeîû BDF x‚öìŸîû ›öì•Ä ¢y›y˜Ä þ™yíÅ„þÄ ö”…y ëyëûÐ

A

B

C

D

E

F

G

H

I
J

K

L

M

V

P

11oC

31.1oC

21.5oC

!‰þöìe B– D– F öœ…!‰þe ö…öì„þ ö”…y ëyëû ~„þ£z ‰þyöìþ™ xyëû“þöì˜îû !“þ˜!Ýþ ›y˜ 
íy„þöìîÐ ~£z „þyîûöì’ ¦þÄy˜ vþyîû çëûyœ¢ ¢›#„þîû˜öì„þ ¢Á±¢y!îû“þ „þöìîû V ~îû  
!e‡yöì“þ ¢›#„þîûöì’ vþz§¬#“þ „þîûy £œÐ

¢%“þîûy‚ ~„þ ö›yœ †Äyöì¢îû ‹˜Ä ¦þÄy˜ vþyîû çëûyœ¢ ¢›#„þîû˜!Ýþ £œéôôôé

SP + 2
a
v ) (V–b) = RT

îy PV + a
v  – Pb – 2

ab
V  – RT = 0

îy V – b – RT + a
VP  – 2

ab
PV

 = 0 vþz¦þëû þ™Çþöì„þ P myîûy ¦þy† „þöìîû]

îy V3 – bV2 – 
2RTV

P  +  a
P V – ab

P  = 0 [vþz¦þëû þ™Çþöì„þ V2 myîûy 
=’ „þöìîû]



îy V3 – (b + RT
P ) V2  +  a

P V – ab
P  = 0

îy V3 – (b + c

c

RT
P )V2 + 

c

a
P V – 

c

ab
P  = 0 éôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééô

éS1V [¢BþÝþ vþz¡Œ“þyëû]
xyîyîû “þyþ™›yey î,!kþöì“þ S xy„,þ!“þîû îe«öìîû…y!Ýþ Ç%þo £öì“þ íyöì„þ ~î‚ ~„þ¢›ëû 

“¤þyîûy ~„þ!Ýþ !î¨%öì“þ !›!œ“þ £ëû xíÅyê ¢BþÝþ vþz¡Œ“þyëû V ~îû !“þ˜!Ýþ ›y˜ ¢›y˜ 
£ëû ~î‚ V = VcÐ

x“þ~î V – Vc = 0
(V – Vc)

3 = 0
V3 –  3v2Vc + 3V Vc

2 – Vc
3 = 0  ôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéS2V

öëöì£“%þ ¢BþÝþ vþz¡Œ“þyëû ¢›#„þîû’ S1V ~î‚ S2V þ™îûßþ™îû x!¦þ§¬
¢%“þîûy‚ ¢›#„þîû’ S1V ~î‚ S2V ~îû ¢£†=!œ “%þœ˜y „þöìîû þ™y£zÐ

Sb + c

c

RT
P ) = 3Vc  éôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôS3V

c

a
P  = 3Vc

2  éôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééS4V

c

ab
P  = Vc

3  éôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéééS5V

S5V ˜Áºîû ¢›#„þîû’öì„þ S4V myîûy ¦þy† „þöìîû þ™y£zéôôôé

c

ab
P  × cP

a
 = 3

cV

îy b = 3
cV

îy Vc = 3béôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéS6V

Vc ~îû ›y˜ S5V ¢›#„þîûöì’ î!¢öìëû þ™y£zéôôôé

c

ab
P  = (3b)3

c

ab
P  = 27b3

Pc = 227
a
b   éôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéS7V

Vc ~î‚ Pc ~îû ›y˜ S3V ˜Áºîû ¢›#„þîûöì’ î!¢öìëû þ™y£zéôôôé

Tc = 27Rb    éôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéS8V

¢%“þîûy‚ 
28 27 81

27 3 3
c

c c

RT a b
P V Rb a bR     ²Ì›y!˜“þ

43. xîßþiyîû x˜%îû*þ™ ¢%e!Ýþ öœ…Ð

vþz_îûéôôôé öë ö„þy˜ ”%!Ýþ †Äyöì¢îû þ™!îû!›“þ ‰þyþ™ Sreduced pressureV ~î‚ 
þ™!îû!›“þ vþz¡Œ“þy Sreduced temperatureV ~„þ£z £öìœ vþz£yöì”îû þ™!îû!›“þ xyëû“þöì̃ îû 
Sreduced volumeV ›y˜ ~„þ£z £öìîÐ

öë…yöì˜

þ™!îû!›“þ ‰þyþ™ SπV = 
†Äyö¢ì îû  ²Ì„þ, “þ ‰þyþ™
†Äyö¢ì îû þ ²Ìy!hsþ„þ ‰þyþ™  = c

P
P

þ™!îû!›“þ vþz¡Œ“þy SƟV = †Äyö¢ì îû  ²Ì„þ, “þ “þyþ™›yey
†Äyö¢ì îû þ ²Ìy!hsþ„þ “þyþ™›yey

 = 
c

T
T

þ™!îû!›“þ xyëû“þöì˜îû SV = †Äyö¢ì îû  ²Ì„þ, “þ xyë“û þ˜
†Äyö¢ì îû þ ²Ìy!hsþ„þ xyë“û þ˜

 = 
c

V
V

44. ¦þÄy˜ vþyîû çëûyœ¢ ¢›#„þîûöì˜îû ¢y£yöìëÄ îyhßþî †Äyöì¢îû þ™!îû!›“þ ‰þyþ™ 
SπV– þ™!îû!›“þ vþz¡Œ“þy SƟV ç þ™!îû!›“þ xyëû“þöì˜îû SV ¢Á™„Åþ ßþiyþ™˜ „þîûÐ

vþz_îûéôôôé 1 ö›yœ †Äyöì¢îû öÇþöìe ¦þÄy˜ vþyîû çëûyœ¢ ¢›#„þîû’

SP + 2
a
v ) (V–b) = RT

îy SπPc + 2 2
c

a
V

V SVc–b) = RƟTc

Pc, Vc ~î‚ Tc ~îû ›y˜ î!¢öìëû þ™y£z

SπPc + 2 2
c

a
V

V SVc–b) = RƟTc

îy Sπ 227
a
b  + 2 229

a
b ) (3b–b) = RƟ 8

27
a
Rb   [Pc, Tc ~î‚ Vc 

›y˜ î!¢öìëû]

îy Sπ + 2
3


) (3–1) = 8Ɵ



45. †Äöì¢îû “þîûœ#„þîûöì’îû Ÿ“Åþ öœ…Ð

vþz_îûéôôôé
iV ¢y•yîû’“þ vþzF‰þ‰þyþ™ !˜Á¬ vþz¡Œ“þyëû ~„þ!Ýþ †Äy¢ “þîûöìœ þ™!îû’“þ £ëûÐ
iiV ¢y•yîû’“þ ö„þy˜ þ™”yöìíîû †Äy¢#ëû xîßþiy öíöì„þ “þîûœ xîßþiyëû þ™!îû’“þ 

„þîûöì“þ †Äy¢!Ýþöì„þ e«y!hsþ„þ vþz¡Œ“þyîû ˜#öì‰þ öîûöì… ‰þyþ™ ²Ìöìëûy† „þîûy £ëûÐ

46. 27oC vþz¡Œ“þyëû £y£zöìvÈþyöì‹˜ x’%îû

iV †vþü †!“þöìî† SCaV
iiV †vþü î†Å öîöì†îû î†Å›)œ öî† SCrmsV
iiiV ¢½þyîÄ †!“þöìî† SCm) SI ~„þöì„þ !˜’Åëû „þîûÐ
vþz_îûéôôôé xy›îûy ‹y!˜

†vþü †!“þöìî† SCaV = 8RT
M

~…yöì˜ R = 8.314 × 107 xy†Å ö›yœ–1 ö„þœ!¦þ˜–1

T = 300K, M = 2gm

¢%“þîûy‚ †vþü †!“þöìî† SCaV = 8RT
M

= 8 8.314 107 300
3.14 2( )  


 cm/sec

= 178250.521 cm/sec
= 1782.50521 met/sec

iiV †vþü î†Å öîöì†îû î†Å›)œ öî† SCrmsV = 3( )RT
M

= 3 8.314 107 300
2( )   cm/sec

= 193424.404 cm/sec
= 1934.24404 met/sec

iiiV ¢½þyîÄ †!“þöìî† SCmV = 2RT
M

= 2 8.314 107 300
2( )    cm/sec

= 111673.632 cm/sec

= 1116.73632 met/sec

47. 27oC vþz¡Œ“þyëû O2 x’%îû

iV †vþü †!“þöìî† SCaV
iiV †vþü î†Å öîöì†îû î†Å›)œ öî† SCrmsV
iiiV ¢½þyîÄ †!“þöìî† SCmV SI ~„þöì„þ !˜’Åëû „þîûÐ
vþz_îûéôôôé
~…yöì˜ R = 8.314 × 107 xy†Å ö›yœé–1 ö„þœ!¦þ˜–1

T = 300 K, M = 32gm

†vþü †!“þöìî† SCaV = 8RT
M

= 8 8.314 107 300
3.14 32( )  

  cm/sec

= 44562.6304 cm/sec
= 445.626304 met/sec

iiV †vþü î†Å öîöì†îû î†Å›)œ öî† SCrmsV = 3( )RT
M

= 3 8.314 107 300
32( )    cm/sec

= 48356.101 cm/sec
= 483.56101 met/sec

iiiV ¢½þyîÄ †!“þöìî†  SCaV = 2( )RT
M

= 2 8.314 107 300
32( )    cm/sec

= 39482.5911 cm/sec
= 394.825911 met/sec

48. 27oC vþz¡Œ“þyëû CO2 x’%îû

iV †vþü †!“þöìî† SCaV
iiV †vþü î†Å öîöì†îû î†Å›)œ öî† SCrmsV



iiiV ¢½þyîÄ †!“þöìî† SCmV SI ~„þöì„þ !˜’Åëû „þîûÐ
~…yöì˜ R = 8.314 × 107 xy†Å ö›yœ–1 ö„þœ!¦þ˜–1 
T = 300 K, M = 44 gm

†vþü †!“þöìî† SCaV = 8RT
M

= 8 8.314 107 300
3.14 44( )  

  cm/sec
= 38003.1389 cm/sec
= 380.031389 met/sec

iiV †vþü î†Å öîöì†îû î†Å›)œ öî† SCrmsV = 3( )RT
M

= 3 8.314 107 300
44( )    cm/sec

=41238.22 cm/sec
= 412.3822 met/sec

iiiV ¢½þyîÄ †!“þöìî†  SCmV = 2( )RT
M  

= 2 8.314 107 300
44( )    cm/sec

= 33670.8668 cm/sec
= 336.708668 met/sec

49. ö„þy˜ “þyþ™›yeyëû ˜y£zöìÝþÆyöì‹˜ x’%îû †vþü †!“þöìî† 516 !›/ö¢ £öìîÚ

vþz_îûéôôôé •!îû toC ö¢œ!¢ëûy¢ “þyþ™›yeyëû ˜y£zöìÝþÆyöì‹˜ x’%îû †vþü †!“þöìî† 
516 !›/ö¢ £öìîÐ

~…yöì˜ R= 8.314 ‹%œ ö›yœé–1 ö„þœ!¦þ˜é–1

þ™îû› “þyþ™›yey T = (273 + t)K
˜y£zöìÝþÆyöì‹öì˜îû xy’!î„þ =îû&c
M = 28 × 10–3 kg/mol
Ca = 516 !›/ö¢

xy›îûy ‹y!˜ †vþü †!“þöìî† SCaV = 8RT
M

îy 516 = 3
8 8.314 (273 )

3.14 28 10
( )t


  

 

îy 5162 = 3
8 8.314 (273 )

3.14 28 10
t


  

 

îy S273 + tV = 516 516 3.14 0.028
8 8.314

  


îy S273 + t) = 351.9549
îy t = 351.9549 – 273
îy t = 78.9549oC

50. ö„þy˜ “þyþ™›yeyëû ˜y£zöìÝþÆyöì‹˜ x’%îû Crms 516 !›/ö¢ £öìîÐ

vþz_îûéôôôé •!îû toC ö¢œ!¢ëûy¢ “þyþ™›yeyëû ˜y£zöìÝþÆyöì‹˜ Crms 516 !›/ö¢  £öìî Ð
~…yöì˜ R = 8.314 ‹%œ ö›yœé–1 ö„þœ!¦þ˜é–1

þ™îû› “þyþ™›yey T = (273 + t)K
˜y£zöìÝþÆyöì‹öì˜îû xy’!î„þ =îû&c M = 28 × 10–3 kg/mol =0.028 kg/mol
Crms = 516 !›/ö¢

xy›îûy ‹y!˜ Crms = 3RT
M

îy S516) = 3 8.314 (273 )
0.028

t  

îy 5162 =  
3 8.314 (273 )

0.028
t  

îy S273 + t) = 516 516 0.028
3 8.314
 


îy S273 + t) = 298.90
îy t = 298.9 – 273
îy t = 25.9oC



51. 27oC “þyþ™›yeyëû ~„þ ö›yœ x!:öì‹öì˜îû †!“þ!Ÿ!_« ‹%œ ~„þöì„þ !˜’Åëû 
„þîûÐ SB.U–2000V

vþz_îûéôôôé xy›îûy ‹y!˜
†!“þŸ!_« SEV = 3

2
nRT

n = 1 ö›yœ
R = 8.314 ‹%œ ö›yœé–1 ö„þœ!¦þ˜é–1

þ™îû› “þyþ™›yey T = (273+27)K
T = 300oK

†!“þŸ!_« SE) = 3 1 8.314 300
2

    ‹%œ
= 3741.3 ‹%œ

52. a) 27oC vþz¡Œ“þyëû ç 5 îyëû%›[þœ#ëû ‰þyöìþ™ 100cc xyëû“þöì˜îû ~„þ!Ýþ þ™yöìe 
xî!ßþi“þ £y£zöìvÈþyöì‹˜ †Äyöì¢îû x’% ¢‚…Äy !˜’Åëû „þîûÐ [C.U. 2000]

vþz_îûéôôôé xy›îûy ‹y!˜  PV = nRT
~…yöì˜
P = 5 atm
V= 100 cc
R = 82 cc.atm. mol–1.kelvin–1

T = (273 + 27)K
= 300 K

n = PV
RT

= 5 100
82 300

  mol

= 5
246  mol

¢%îûy‚ ö›yÝþ x’% ¢‚…Äy

= 5
246  × 6.023 × 1023 !Ýþ x’%

= 0.1224 × 1023 !Ýþ
= 12.24 × 1021 !Ýþ

53. b) 1 × 10–7 mm ‰þyöìþ™ ç 27oC vþz¡Œ“þyëû ~„þ!Ýþ xy”ŸÅ †Äyöì¢îû ²Ì!“þ 
cc ö“þ x’% ¢‚…Äy !˜’Åëû „þîûÐ

vþz_îûéôôôéxy›îûy ‹y!˜ xy›îûy ‹y!˜
P1V1/T1 = P2V2/T2
1 × 10–7 × 1/300 = 760 × V2/273
V2 = (10–7 × 273)/ (760 × 300)
V2 = 1.197 × 10–7

22414 cc ö“þ x’% ¢‚…Äy = 6.023 × 1023

1.197 × 10–10 ö“þ x’% ¢‚…Äy = (6.023 × 1023 × 1.197 × 10–10)/ 
22414

= 3.21 × 109

PV = nRT
~…yöì˜
P = 

71 10
760

  = 1.315 × 10–10 atm
V= 1 cc
R = 82cc.atm. mol–1.kelvin–1

T = (273 + 27)K
= 300 K

n = PV
RT

= 
101.315 10 1

82 300
 

  mole
= 5.346 × 10–15 mole
¢%îûy‚ ö›yÝþ x’% ¢‚…Äy
= 5.346 × 10–15 × 6.023 × 1023 !Ýþ x’%
= 32.198 × 108 !Ýþ
53. ²Ì›y˜ ‰þyþ™ ç “þyþ™›yeyëû £y£zöìvÈþyöì‹˜ †Äyöì¢îû x’%îû ¢‚‡¡ìÅ ¢‚…Äy †’˜y 

„þîûÐ ¢‚‡¡ìÅ îÄy¢ = 3.7 × 10–8 ö¢!›.Ð [C. U. 2000]
vþz_îûéôôôé

xy›îûy ‹y!˜ ¢‚‡¡ìÅ ¢‚…Äy Z = 2σ2n2 RT
M



~…yöì˜ σ = 3.7 × 10–8

n = 6.023 × 1023/22414
R = 8.314 × 107 erg.mol–1deg–1 



T = 273 K
M = 2 gm

Z = 2 (3.7 × 10–8)2 × (6.023 × 1023/22414)2 
73.14 8.314 10 273

2
  

Z = 
16 462 13.69 10 36.2765 10

502387396
     × 3563.463554 × 107

Z = (993.25057 × 1030 × 188771.38)/502387396
Z = 0.373214 × 1030

54. 3.0Ao xy’!î„þ îÄy¢ !î!ŸÜT †Äyöì¢îû b ›y˜ „þ“þÚ

vþz_îû
x’%îû îÄy¢ 2r = 3.0 × 10–8 cm
îÄy¢y•Å r = 1.5 × 10–8 cm
îy  r3 = (1.5 × 10–8)3

r3 = 3.375 × 10–24

~„þ!Ýþ x’%îû xyëû“þ˜ b1 = 4
3 πr3

= 4 3.14
3

  × 3.375 × 10–24

¢%“þîûy‚ b = 4Nb1

b = 4 × 6.023 × 1023 × 
4 3.14

3


 × 3.375 × 10–24

b = 34.041 cc/mole

MCQ

1.  27oC “þyþ™›yeyëû CO †Äy¢ x’%îû rms öî† ²Ìyëû 1000m/sÐ 600K 
“þyþ™›yeyëû N2 †Äy¢ x’%îû rms öîöì†îû ›y˜ £öìî ²Ìyëûéôé WBJEE–15

A) 2000 m/s B) 1414 m/s
C) 1000 m/s D) 1500 m

2.  W ¦þöìîûîû ”%!Ýþ xy”ŸÅ †Äy¢ A ç B ~„þ£z ‰þyþ™ ç vþz¡Œ“þyëû ”%!Ýþ þ™,í„þ þ™yöìe 
îûy…y xyöìŠéÐ A ç B ~îû xy’!î„þ ¦þöìîûîû x˜%þ™y“þ 23 £öìœ þ™ye ”%!Ýþîû 
xyëû“þöì˜îû x˜%þ™y“þ „þ“þ £öìîéôé

A) 2 3 B) 32
C) 1 3 D) 3 4

3. ö„þy˜ Ÿöì“Åþ ~„þ!Ýþ †Äy¢öì„þ T vþz¡Œ“þy ~î‚ P ‰þyöìþ™ “þîûöìœ þ™!îû’“þ „þîûy 
ëyöìî éôéWBJEE–15

A) T=Tc ~î‚ P<Pc B) T<Tc ~î‚ P>Pc

C) T>Tc ~î‚ P>Pc D) T>Tc ~î‚ P<Pc

4.   ~„þ!Ýþ !˜!”ÅÜT vþz¡Œ“þyëû 200ml H2 †Äyöì¢îû ¢Á™)’Å îÄyþ™öì˜ 30 !›!˜Ýþ ¢›öìëûîû 
²Ìöìëûy‹˜ £ëûÐ ¢› vþz¡Œ“þyëû 50ml O2 †Äyöì¢îû îÄöì²Àîû ‹˜Ä ²Ìöìëûy‹˜#ëû 
¢›ëûéôé WBJEE–14

AV 60 !›!˜Ýþ  BV 15 !›!˜Ýþ
CV 45 !›!˜Ýþ DV 30 !›!˜Ýþ

5.  !ßþiîû 2 atm ‰þyöìþ™ ~„þ ö›yœ xy”ŸÅ †Äyöì¢îû V î˜y› T ~îû öœ…!‰þöìeîû 
˜!“þ £œ XL mol–1K–1Ð X ~îû ›y•Äöì› ¢îÅ‹˜#˜ †Äy¢éôé•Ê&î„þ R ~îû ›y˜ 
£œéôéWBJEE–14

A) XL atm mol–1K–1 B) X/2 atm mol–1K–1

C) 2X L atm mol–1K–1 D) 2X atmL–1 mol–1K–1

6.  ˜†’Ä òaó ›y˜¢Á™§¬ ~„þ ö›yœ ¦þÄy[þyîû çëûyœ¢ †Äyöì¢îû ¢‚öì„þy‰þ˜Ÿ#œÝþy 
=˜öì„þîû SZV ›y˜ £œéôé WBJEE–14

A) 1 B) bP/RT
C) 1 + bP/RT D) 1 – bP/RT

7.  ~„þ ö›yœ ¦þÄy[þyîû  çëûyœ¢ †Äyöì¢îû ¢BþÝþ !î¨%öì“þ ¢‚˜›Ä“þy =˜öì„þîû ›y˜ 
£öìî

A) 1 B) 8/3
C) 28/7 D) 3

8.  !˜Á¬ ‰þyöìþ™ ~„þ ö›yœ ¦þÄy[þyîû çëûyœ¢ †Äyöì¢îû ¢‚öì„þy‰þ˜Ÿ#œÝþy =˜öì„þîû SZV 
›y˜ £œéôé

A) Z = 1 B) Z = bP/RT
C) Z = 1 + bP/RT D) Z = 1 – a/RTV

9.  néôéö›yœ ¦þÄy[þyîû çëûyœ¢ †Äyöì¢îû öÇþöìe ¢›#„þîû’!Ýþ £œéôé
A) (P + a/V2) (V–b) = RT B) (P + a/V2) (V–nb) = nRT
C) (P + an2/V2) (V–nb) = nRT D) ö„þy˜!Ýþ ˜ëû



10. ¦þÄy[þyîû çëûyœ¢ •Ê&î„þ òaó ~îû ~„þ„þ £œçéôé
A) atm L1 mol–1 B) atm L2 mol–2

C) atm L2 mol–1 D) ö„þy˜!Ýþ ˜ëû

11. ¦þÄy[þyîû çëûyœ¢ •Ê&î„þ òbó ~îû ~„þ„þ £œçéôé
A) L1 mol–1 B) L2 mol–2

C) L2 mol–1 D) ö„þy˜!Ýþ ˜ëû

12. ¦þÄy[þyîû çëûyœ¢ †Äyöì¢îû ¢‚„þÝþ vþz¡Œ“þyîû ›y˜ £œéôé
A) Tc= a/27b2 B) Tc= 8a/27Rb
C) Tc= 8a/27Rb2 D) ö„þy˜!Ýþ ˜ëû

13. ¦þÄy[þyîû çëûyœ¢ †Äyöì¢îû ¢‚„þÝþ vþz¡Œ“þyîû ›y˜ £œéôé
A) Tc= a/27b2 B) Tc =  8a/27Rb
C) Tc= 8a/27Rb2 D) ö„þy˜!Ýþ ˜ëû

14. H2 ç He †Äyöì¢îû öÇþöìe ¦þÄy[þyîû çëûyœ¢ ¢›#„þîû’!Ýþ £œéôé
A) P(V–b) = RT B) (P+ a/V2) V = RT
C) (P+ a/V2) (V – b) = RT D) ö„þy˜!Ýþ ˜ëû

15. M xy˜î ¦þîû ¢Á™§¬ ö„þy˜ †Äyöì¢îû x’%=!œîû T vþz¡Œ“þyëû ¢½þyîÄ öî† Cm=

A)  2RT
M  B) 3RT

M

C) 8RT
M  D) ö„þy˜!Ýþ ˜ëû

16. ö„þy˜ä †Äyöì¢îû ¢BþÝþ “þyþ™›yey ¢öìîÅyF‰þéôé
A) N2 B) O2
C) CO2 D) H2

17. !ßþiîû vþz¡Œ“þyëû !˜!”ÅÜT ¦þöìîûîû xy”ŸÅ †Äyöì¢îû V î˜y› 1/P öœ…!‰þe!Ýþ £öìîéôôôé

AV x!•î,_ BV ¢îûœöìîû…y
CV þ™îûyî,_ DV ¢›þ™îûyî,_

18. !ßþiîû vþz¡Œ“þy ç ‰þyöìþ™ !£!œëûy› †Äyöì¢îû îÄyþ™öì˜îû £yîû !˜öìÁ¬y_« †Äy¢=!œîû 
ö„þy˜!Ýþîû îÄyþ™˜ £yöìîûîû ‰þyîû=’éôôôé

A) CO2 B) SO2
C) NO2 D) O2

19. 27oC vþz¡Œ“þyëû ~„þ ö›yœ CO2ôé~îû †!“þŸ!_« „þÄyœ!îû ~„þöì„þ £öìîééôôôé
A) 300 cal B) 600 cal
C) 1000 cal D) 900 cal

20. ¢›éôéöì›yœ CO ~î‚ N2 !˜öìëû ~„þ!Ýþ †Äy¢éôé !›×’ ÷“þ!îû „þîûy £œÐ ë!” 
ö”…y ëyëû !›×öì’îû ›“þ ‰þyþ™ 1 atm £ëû– “þöìî !›×öì’ N2 ~îû x‚Ÿ‰þyþ™ 
£œéôé AIPTM–11

A) 1 atm B) 0.5 atm
C) 0.8 atm D) 0.9 atm

21. ~„þ!Ýþ †Äy¢#ëû x’%îû †îû †!“þöìî† „þ“þ=’ î,!kþ þ™yöìî– ë…˜ vþz¡Œ“þy S 
ö„þœ!¦þ˜ öìßþñöìœ V !m=’ £öìîéôé AIPTM–11

A) 2.00 B) 2.8
C) 4.0 D) 1.4

22. xy”ŸÅ xy‰þîû’ öíöì„þ ¢öìîÅyF‰þ !î‰)þÄ!“þ ²Ì”ŸÅ˜ „þöìîûéôé
A) CH4(g) B) NH3(g)
C) H2(g) D) N2(g)

23. x!:öì‹˜ x’%îû 27oC vþz¡Œ“þyëû †“þ#ëû Ÿ!_«îû ›y˜ £öìîéôé

A) 6.2117 × 10–14 xy†Å B) 6.2117 × 10–11 xy†Å
C) 6.2117 × 10–16 xy†Å D) ö„þy˜!Ýþ ˜ëû

24. 3.00A xy’!î„þ îÄy¢!î!ŸÜT †Äyöì¢îû öÇþöìe ¦þÄy[þyîû çëûyœ¢ •Ê&î„þ b ~îû  
›y˜ éôé !¢!¢ ö›yœéôé11

A)    B) 
C)    D) ö„þy˜!Ýþ ˜ëû

25. 500K vþz¡Œ“þyëû CO2 †Äyöì¢îû x’%îû †vþü †!“þöìî†éôé
A) 4.90 × 104 cm/sec B) 2.90 × 104 cm/sec
C) 8.90 × 104 cm/sec D) ö„þy˜!Ýþ ˜ëû



26. 27oC “þyþ™›yeyëû 10 !œÝþyîû öì@Õyöìî 100 @ùÌy› CO2 îûy…y £öìœ ‰þyþ™ £öìîéôôôé

A) 11.18 atm B) 5.55 atm

C) 22.18 atm D) ö„þy˜!Ýþ ˜ëû

27. x!:öì‹˜ †Äyöì¢îû Cp/Cv ~îû ›y˜ £öìîééôôôé
A) 1.4 B) 1.66
C) 1.33 D) ö„þy˜!Ýþ ˜ëû

28. ö„þy˜ “þyþ™ ›yeyëû £y£zöìvÈþyöì‹˜ x’%îû †vþü î†Åöìîöì†îû î†Å›)œ öî† “þyîû NTP 
›yöì˜îû !m=’ £öìîéôé UGB–18

A) 10/2K B) 12/2K
C) 11/0K D) ö„þy˜!Ýþ ˜ëû

29. †Äyöì¢îû †vþü †!“þŸ!_«éôôôé

A) þ™îû› vþz¡Œ“þyîû ¢›y˜%þ™y!“þ„þ B) þ™îû› vþz¡Œ“þyîû îÄhßþy˜%þ™y!“þ„þ
C) ‰þyöìþ™îû ¢›y˜%þ™y!“þ„þ D) xyëû“þöì˜îû ¢›y˜%þ™y!“þ„þ

30. ¦þÄy[þyîû çëûyœ¢ †Äyöì¢îû öÇþöìe Cp– Cv

A) Cp – Cv > R B) Cp – Cv < R
C) Cp – Cv = R D) xyëû“þöì˜îû ¢›y˜%þ™y!“þ„þ

MCQ

 Ans–1.(B)  2.(B) 3.(D) 4.(C) 5.(C) 6.(C) 7.(B) 8.(D) 9. (C) 
10.(B) 11.(A) 12. (B) 13.(A) 14. (A) 15.(A) 16.(C) 17. (B) 
18.(B) 19.(D) 20. (B) 21.(D) 22.(B) 23. (A)

!m“þ#ëû x•Äyëû

þ™”yöìíÅîû “þîûœ xîßþiy

1. þ™,ÛþÝþy˜ îœöì“þ „þ# öîyGþÚ !¢ !‹ ~¢ ç ~¢ xy£z þ™kþ!“þöì“þ þ™,ÛþÝþyöì˜îû 
~„þ„þ ç ›yey öœ…Ð

vþz_îûéôôôéé~„þ!Ýþ “þîûœöì„þ xöì˜„þ=!œ hßþöìîû „þÒ˜y „þîûy £öìœ “þîûöìœîû ›öì•Ä„þyîû 
hßþöìîûîû x’%=!œ “¤þyîû ‰þ“%þ!”Åöì„þîû x’% myîûy ¢›¦þyöìî Ýþy˜ x˜%¦þî „þöìîû šþöìœ 
›•öì•ëû„þyîû˜%=!œ ö„þy˜ Íº!• îœ x˜%¦þî „þöìîû ˜y ~î‚ ¢îöì‰þöìëû vþzþ™öìîûîû hßþöìîûîû 
x’%=!œ !˜Á¬ ç þ™yÙ»Å›%…# îœ x˜%¦þî „þöìîû !„þlsþ vþzþ™îû !”öì„þ îyëû%hßþöìîûîû x’%=!œîû 
‡˜c „þ› íy„þyëû ö„þy˜ |•¹Å›%…# îœ x˜%¦þî „þöìîû ˜yÐ šþöìœ “þîûöìœîû vþzþ™öìîûîû 
“þöìœîû x’%=!œ þ™yÙ»Å›%…# ~î‚ !˜Á¬›%…# îœ x˜%¦þî „þîûyëû “þîûöìœîû vþzþ™!îû“þœ 
~„þ!Ýþ Ýþy˜ Ýþy˜ x˜%¦þî „þöìîûÐ

¢%“þîûy‚ “þîûöìœîû vþzþ™!îû“þöìœîû ²Ì!“þ ~„þ„þ ÷”öì‡ÅÄîû œÁº¦þyöìî !˜Á¬›%…# öë îœ 
x˜%¦þî „þöìîû “þyöì„þ£z “þîûöìœîû þ™,ÛþÝþy˜ îöìœÐ

!¢ !‹ ~¢ ç ~¢ xy£z þ™kþ!“þöì“þ þ™,ÛþÝþyöì˜îû ~„þ„þ ëíye«öì› vþy£z˜/ö¢!› 
~î‚ !˜vþzÝþ˜ /!›Ýþyîû

þ™,ÛþÝþyöì˜îû ›yey ƒ
þ™,ÛþÝþy˜ = îöìœîû ›yey/ ÷”öì‡ÅÄîû ›yey
= S¦þöìîûîû ›yey × cîûöì’îû ›yey V/ ÷”öì‡ÅÄîû ›yey
= (MLT–2)/L
= MT–2

2. þ™,ÛþŸ!_« îœöì“þ „þ# öîyGþÚ

vþz_îûéôôôé  “þîûöìœîû þ™,Ûþ“þöìœ ¢îÅ”y£z ~„þ!Ýþ xhsþ›Å%…# îœ !e«ëûy „þöìîûÐ ëyîû 



šþöìœ “þîûöìœîû þ™,Ûþ“þœ ¢B%þ!‰þ“þ £ëûÐ ~…˜ ~£z ¢B%þ!‰þ“þ þ™,Ûþ“þœöì„þ þ™%öìîÅîû ¢›“þöìœ 
!šþ!îûöìëû xy˜yîû ‹˜Ä îy£zöìîû öíöì„þ ~„þ!Ýþ „,þ“þ„þyëÅ ¢Á™§¬ „þîûöì“þ £ëûÐ

¢%“þîûy‚ “þîûöìœîû þ™,Ûþ“þöìœîû öìÇþešþœ ~„þ ~„þ„þ î,!kþ „þîûöì“þ öë þ™!îû›y’ Ÿ!_« 
îÄ!ëû“þ £ëû “þyöì„þ£z “þîûöìœîû þ™,ÛþŸ!_« îöìœÐ

!¢ !‹ ~¢ ç ~¢ xy£z þ™kþ!“þöì“þ þ™,ÛþŸ!_«îû ~„þ„þ ëíye«öì› vþy£z˜/ö¢!› 
~î‚ !˜vþzÝþ˜ /!›Ýþyîû

þ™,ÛþŸ!_«îû ›yey ƒ

þ™,ÛþŸ!_« = 
îöœì îû  ›yey
÷”ö‡ì ÄÅ îû  ›yey

= 
2MLT

L


= MT–2

3. ÞÝþÄyœy†öì›y!›Ýþyîû !›Ýþyîû ëöìsþfîû ¢y£yöìëÄ „þ#¦þyöìî ö„þy˜ “þîûöìœîû þ™,ÛþÝþy˜ 
!˜’Åëû „þîûy ëyëûÐ

vþz_îûéôôôé

A

B

ÞÝþÄyœy†öì›y!›Ýþyîû !›Ýþyîû
ÞÝþÄyœy†öì›y!›Ýþyîû ëöìsþfîû ¢y£yöìëÄ ö„þy˜ x‹y˜y “þîûöìœîû þ™,ÛþÝþy˜ !˜’Åëû „þîûy 

£ëûÐ ~£z ëöìsþfîû ¢y£yöìëÄ öšþyÝþy ç‹˜ ²Ì’yœ#öì“þ ö„þy˜ “þîûöìœîû þ™,ÛþÝþy˜ !˜’Åëû „þîûy 
£ëûÐ ”%!Ýþ “þîûöìœîû þ™,ÛþÝþy˜ ë!” ëíye«öì› Y1 ~î‚ Y2 £ëû ~î‚ ÞÝþÄyœy†öì›y!›Ýþyîû 

ësþf!Ýþöì„þ  vþzÍÔÁº¦þyöìî öîûöì… öšþyÝþy öšþyÝþy xîyöì• ÷„þ!Ÿ„þ ˜öìœîû ›•Ä !”öìëû “þîûœ 
þ™”yíÅ þ™vþüyîû ¢›ëû ²Ì!“þ öš¤þyþÝþyîû ç‹˜ ëíye«öì› W1 ~î‚ W2Ð “þy£öìœ ~îyîû 
÷„þ!Ÿ„þ ˜öìœîû ›•Ä!”öìëû d1 ~î‚ d2 ‡˜öìcîû “þîûœ þ™”yöìíÅîû V xyëû“þ˜ þ™vþüîyîû 
‹˜Ä n1 ~î‚ n2 öšþyÝþyîû ¢‚…Äy £öìœéôôôé

Y1 / Y2 = W1 / W2

îy Y1 / Y2 = (Vd1/n1)/ (Vd2/n2)
îy Y1 / Y2 = (d1/n1)/ (d2/n2

 )
îy Y1 / Y2 = d1n2 / n1d2  éôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéS1V
¢%“þîûy‚ ÞÝþÄyœy†öì›y!›Ýþyîû ëöìsþfîû ›•Ä !”öìëû !˜†Å“þ ”%!Ýþ “þîûöìœîû öšþyÝþyîû 

¢‚…Äyç– “þîûœ ”%!Ýþîû ‡˜c ~î‚ ~„þ!Ýþ “þîûöìœîû þ™,ÛþÝþy˜ ‹y˜y íy„þöìœ S1V 
¢›#„þîûöì’ ›y˜ î!¢öìëû “þîûöìœîû þ™,ÛþÝþyöì˜îû ›y˜ !˜’Åëû „þîûy ëyöìîÐ

4. “þîûœ öšþyÝþy ö†yœy„þyîû £ëû ö„þ˜Ú

vþz_îûéôôôé “þîûöìœîû þ™,ÛþÝþyöì˜îû ‹˜Ä “þîûöìœîû þ™,Ûþ“þœ ~„þ!Ýþ Ýþy˜Ýþy˜ îœ x˜%¦þî 
„þöìîûÐ öëöì£“%þ ‡˜îlßþîû ›öì•Ä ö†yœöì„þîû þ™,Ûþ“þöìœîû öìÇþešþœ ¢îöì‰þöìëû „þ› “þy£z 
“þîûœ öšþyÝþy ö†yœy„þyîû xy„,þ!“þ •yîû’ „þöìîûÐ

5. ‹œ „þy‰þöì„þ ö¦þ‹yëû !„þlsþ þ™yîû” „þy‰þöì„þ ö¦þ‹yëû ˜y ~î‚ ÷„þ!Ÿ„þ ˜öìœîû 
‹œ“þöìœ vþz§¬!“þ Sconcave upwardV !„þlsþ þ™yîû”“þöìœîû xî˜!“þ ‡öìÝþ 
îÄy…Äy „þîûÐ

vþz_îûéôôôé  ‹œ ç „¤þyöì‰þîû ßþ™ŸÅ !î¨%öì“þ ‹öìœîû x’%=!œîû ›öì•Ä xy„þ¡ìÅ’ îœ îy 
xy¢O˜ Scohesive forceV þ™yîû” ç „¤þyöì‰þîû ßþ™ŸÅ “þöìœîû þ™yîû” x’%îû xy„þ¡ìÅ’ 
îy ¢‚¢!_« SAdhesiveV îöìœîû ›y˜ öî!ŸÐ šþöìœ ÷„þ!Ÿ„þ ˜öìœ ‹öìœîû þ™,Ûþ“þœ 
xî“þœ ScocaveV ²Ì„,þ!“þîû ~î‚ þ™yîûöì”îû þ™,Ûþ“þœ vþz_œ SconvexV ²Ì„,þ!“þîû 
xyîyîû þ™yîû” ç „¤þyöì‰þîû ßþ™ŸÅ !î¨%öì“þ ßþ™ŸÅ ö„þyöì˜îû ›y˜ ßþi(œöì„þy’ S90o öíöì„þ 
180o ~îû ›öì•ÄV !„þlsþ ‹œ ç „¤þyöì‰þîû ßþ™ŸÅ ö„þyöì˜îû ›y˜ Sangle of contactV 
¢)Çþöì„þy’ S90o öíöì„þ „þ›VÐ ~£z „þyîûöì˜£z ‹œ „þy‰þöì„þ ö¦þ‹yëû !„þlsþ þ™yîû” „þy‰þöì„þ 
ö¦þ‹yëû ˜y ~î‚ ÷„þ!Ÿ„þ ˜öìœîû ‹œ “þœ vþz§¬!“þ îy vþz_œ ²Ì„,þ!“þîû !„þlsþ þ™yîû” 
“þöìœîû xî˜!“þ ‡öìÝþÐ

vþz_îûéôôôé  ‹œ ç „¤þyöì‰þîû ßþ™ŸÅ !î¨%öì“þ ‹öìœîû x’%=!œîû ›öì•Ä xy„þ¡ìÅ’ îœ  
îy xy¢O˜ Scohesive forceV þ™yîû” ç „¤þyöì‰þîû ßþ™ŸÅ “þöìœîû þ™yîû” x’%îû xy„þ¡ìÅ’ 



îy ¢‚¢!_« SAdhesiveV îöìœîû ›y˜ öî!ŸÐ šþöìœ ÷„þ!Ÿ„þ ˜öìœ ‹öìœîû þ™,Ûþ“þœ 
xî“þœ ScocaveV ²Ì„,þ!“þîû ~î‚ þ™yîûöì”îû þ™,Ûþ“þœ vþz_œ SconvexV ²Ì„,þ!“þîû 
xyîyîû þ™yîû” ç „¤þyöì‰þîû ßþ™ŸÅ !î¨%öì“þ ßþ™ŸÅ ö„þyöì˜îû ›y˜ ßþi(œöì„þy’ S90o öíöì„þ 
180o ~îû ›öì•ÄV !„þlsþ ‹œ ç „¤þyöì‰þîû ßþ™ŸÅ ö„þyöì˜îû ›y˜ Sangle of contactV 
¢)Çþöì„þy’ S90o öíöì„þ „þ›VÐ ~£z „þyîûöì˜£z ‹œ „þy‰þöì„þ ö¦þ‹yëû !„þlsþ þ™yîû” „þy‰þöì„þ 
ö¦þ‹yëû ˜y ~î‚ ÷„þ!Ÿ„þ ˜öìœîû ‹œ “þœ vþz§¬!“þ îy vþz_œ ²Ì„,þ!“þîû !„þlsþ þ™yîû” 
“þöìœîû xî˜!“þ ‡öìÝþÐ

6. ~„þ!Ýþ ö“þœ !î£#˜ ¢%‰þ ¢yî•yöì˜ ‹öìœ övþyîyöìœ ¦þyöì¢ ö„þ˜Ú îÄy…Äy „þîûÐ

vþz_îûéôôôé ‹öìœîû þ™,ÛþÝþyöì˜îû ‹˜Ä ~îû*þ™ ‡öìÝþÐ ‹öìœîû þ™,ÛþÝþyöì˜îû ‹˜Ä þ™,Ûþ“þœ 
¢B%þ!‰þ“þ xîßþiyëû íyöì„þ šþöìœ þ™,Ûþ“þöìœîû x’%=!œ …%î „þyŠé„þ!Šé íy„þyëû x’%=!œîû 
›öì•Ä„þyîû š¤þy„þ SgapingV …%î „þ› íyöì„þ šþöìœ ¢%‰þ ²ÌöìîŸ „þîûöì“þ þ™yöìîû ˜y xíÅyê 
¢%‰þ þ™,Ûþ“þöìœ ”%öì¦Åþ”Ä £ëûÐ ~£z „þyîûöì’ ~„þ!Ýþ ö“þœ!î£#˜ ¢%‰þ ¢yî•yöì˜ ‹öìœ 
övþyîyöìœ  ~!Ýþ ¦þyöì¢Ð

7. x!“þ ¢!e«ëû þ™,Ûþ“þœ#ëû þ™”yíÅ îœöì“þ „þ# öîyGþÚ îÄy…Äy „þîûÐ

vþz_îûéôôôé öë ¢î þ™”yíÅ ‹öìœ oî#¦)þ“þ „þîûöìœ ‹öìœîû þ™,ÛþÝþyöì˜îû ›y˜ „þ!›öìëû 
ö”ëû “þyöì”îûöì„þ x!“þ ¢!e«ëû þ™,Ûþ“þœ#ëû þ™”yíÅ îœy £ëûÐ öë›˜ ¢yî˜ ç !vþÝþyîûöì‹rÝþ 
‹öìœ oî#¦)þ“þ !„þ¦%þ“þ‹öìœîû þ™,Ûþ Ýþyöì˜îû ›y˜ xöì˜„þ „þ!›öìëû ö”ëû šþöìœ ¢£öì‹ 
öšþ˜y vvþzêþ™§¬ £ëû ~î‚ ‹y›yîûéôé„þyþ™vþü öíöì„þ ö˜y‚îûy îy ›ëûœy ¢£öì‹£z xþ™¢y!îû“þ 
£öìëû „þyþ™vþüöì„þ þ™!îûÜñyîû „þöìîûÐ

8. ö„þy˜ vþz¡Œ“þyëû ö„þy˜ “þîûöìœîû þ™,Ûþ Ýþyöì˜îû ›y˜ Ÿ)˜ÄÐ îÄy…Äy „þîûÐ

vþz_îûéôôôé¢BþÝþ vþz¡Œ“þyëû ö„þy˜ “þîûöìœîû þ™,Ûþ Ýþyöì˜îû ›y˜ Ÿ)˜ÄÐ vþz¡Œ“þy î,!kþöì“þ 
“þîûöìœîû þ™,ÛþÝþyöì˜îû ›y˜ £Éy¢ þ™yëû ~î‚ ¢BþÝþ vþz¡Œ“þyëû þ™,ÛþÝþyöì˜îû ›y˜ Ÿ)˜Ä £ëû 
„þyîû’ ¢BþÝþ vþz¡Œ“þyëû “þîûöìœîû vþzþ™!îû“þœ îy þ™,Ûþ“þœ !îœ%® £ëû ~î‚ †Äy¢ ç 
“þîûöìœîû ›öì•Ä ö„þy˜ ²Ìöì¦þ” íyöì„þ ˜yÐ

9. “þîûöìœîû ¢yw“þy îœöì“þ !„þ öîyGþÚ ¢yw“þy‚öì„þîû ¢‚Kþy ”yçÐ C.G.S ~î‚ 
S.I. þ™kþ!“þöì“þ ¢yw“þyîû ~„þ„þ !œ…Ð

vþz_îûéôôôé   †Äy¢ ç “þîûœ vþz¦þëû£z ²Ìîy£# îlßþ £çëûyëû xöìþ™Çþy„,þ“þ öî!Ÿ †!“þöìî† 

¢Á™§¬ hßþîû!Ýþ ë…˜ „þ› †!“þöìî† ¢Á™§¬ hßþöìîûîû vþzþ™îû !”öìëû †!“þŸ#œ £ëû “þ…˜ 
xy¦þÄhsþîû#’ ‡¡ìÅ’ îöìœîû ²Ì¦þyöìî „þ› öîöì†îû hßþîû!Ýþ vþz£yîû vþzþ™öìîûîû öî!Ÿ †!“þöìî† 
¢Á™§¬ hßþîû!Ýþöì„þ îy•y ö”ëûÐ ²Ìîy£# îlßþîû †!“þöìîöì†îû ~îû*þ™ ‡¡ìÅ’ ‹!˜“þ îy•yîû 
šþöìœ£z “þîûœ ç †Äyöì¢îû ¢yw“þyîû ¢,!ÜT £ëûÐ

ö„þy˜ !˜!”ÅÜT vþz¡Œ“þyëû “þîûœ hßþöìîûîû ~„þ„þ öìÇþešþöìœ †!“þöìîöì†îû ˜!“þ ~„þ„þ 
î‹yëû îûy…öì“þ öë þ™!îû›y’ îœ ²Ìë%_« £ëû “þyöì„þ£z “þîûöìœîû ¢yw“þy =’yBþ îöìœÐ 
C.G.S ~î‚ S.I. þ™kþ!“þöì“þ ¢yw“þyîû ~„þ„þ dyne–second/cm2 îy þ™öìëû‹  
~î‚ Newton–Second/Metre2

10. “þyþ™›yeyîû þ™!îûî“Åþöì˜ “þîûöìœîû ¢yw“þy !„þîû*öìþ™ þ™!îûî!“Åþ“þ îûyîû

vþz_îûéôôôé “þîûöìœîû ¢yw“þy £œ !î!¦þ§¬ hßþöìîûîû ›öì•Ä ‡¡ìÅ’ ‹!˜“þ ¢‚¢!_« îœÐ 
vþz¡Œ“þy î,!kþöì“þ ¢‚¢!_« îöìœîû ›y˜ £Éy¢ þ™yëû Ð “þy£z ¢yw“þyîû ›y˜ £Éy¢ þ™yëûÐ

11. x¢çëûyöìÓþîû !¦þöìßþñy!›Ýþyîû ëöìsþfîû ¢y£yöìëÄ !„þ¦þyöìî ö„þy˜ “þîûöìœîû ¢yw“þy 
!˜’Åëû „þîûy ëyëûÐ

vþz_îûéôôôé x¢çëûyöìÓþîû !¦þöìßþñy!›Ýþyîû ëöìsþfîû ¢y£yöìëÄ ¢£öì‹£z ö„þy˜ “þîûöìœîû 
¢yw“þy !˜’Åëû „þîûy ëyëûÐ ~!Ýþ ~„þ!Ýþ xyöìþ™!Çþ„þ þ™kþ!“þÐ ”%!Ýþ “þîûöìœîû ›öì•Ä ~„þ!Ýþîû 
¢yw“þy ‹y˜y íy„þöìœ xþ™îû!Ýþîû ¢yw“þy ‹y˜y ëyëûÐ

x¢çëûyöìÓþîû !¦þöìßþñy!›Ýþyîû ëöìsþfîû U xy„,þ!“þ ”%!Ýþ îyýöì“þ ”%!Ýþ îyÍº íyöì„þÐ îy› 
!”öì„þîû îyöìÍºîû vþzþ™öìîûîû ~î‚ ˜#öì‰þîû !”öì„þ ”y† „þyÝþy íyöì„þ ëyîû ¢y£yöìëÄ ²Ìîy£ 
›y˜ ö„þy˜ “þîûöìœîû xyëû“þ˜ !˜’Åëû „þîûy £ëûÐ þ™îû#Çþy•#˜ “þîûœ ç ¢yw“þy ‹y˜y 
xyöìŠé ~›˜ ö„þy˜ “þîûœöì„þ !þ™öìþ™öìÝþîû ¢y£yöìëÄ !¦þöìßþñy!›Ýþyîû ëöìsþfîû U

x¢çëûyöìÓþîû !¦þöìßþñy!›Ýþyîû



˜öìœîû îy› !”öì„þîû îyýöì“þ ²ÌöìîŸ „þîûy˜ £œÐ ”%!Ýþ ”yöì†îû ›•Äî“Åþ# “þîûœ öšþyÝþy  
öšþyÝþy „þöìîû ÷„þ!Ÿ„þ ˜öìœ ²ÌöìîŸ „þîûy˜ £ëû ~î‚ ²Ìöìëûy‹˜#ëû ¢›ëû ÞÝþþ™ çëûyöì‰þîû 
¢y£yöìëÄ !˜’Åëû „þîûy £ëûÐ þ™îû#Çþy•#˜  ~î‚ Kþy“þ ¢yw“þy !î!ŸÜT “þîûöìœîû S¢y•yîû’“þ 
‹œV ²Ìîy£ ›y˜ „þyœ (t1 ~î‚ t2 ëíye«öì› þ™îû#Çþy•#˜ ~î‚ ‹œ ²Ìîy£ ›y˜ „þyœV 
~£z ¦þyöìî !˜’Åëû „þîûy £ëûÐ öëöì£“%þ “þîûöìœîû ¢yw“þy “þîûöìœîû ²Ìîy£ ›y˜ „þyœ ç 
‡˜öìcîû =’šþöìœîû ¢›y˜%þ™y!“þ„þ x“þ~î

ƞ1/ƞ2 = d1t1/d2t2   éôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéS1V
öë…yöì˜ d1 ~î‚ d2 ëíye«öì› þ™îû#Çþy•#˜ ~î‚ ‹öìœîû ‡˜c
¢%“þîûy‚ ~£z ¢›#„þîû’ îÄî£yîû „þöìîû ö„þy˜ x‹y˜y “þîûöìœîû ¢yw“þy !˜’Åëû 

„þîûy ëyëûÐ

12. “þîûöìœîû ¢yw“þy !„þ !„þ !î¡ìöìëûîû vþzþ™îû !˜¦Åþîû „þöìîûÚ

vþz_îûéôôôé “þîûöìœîû ¢yw“þy !˜Á¬!œ!…“þ !î¡ìëû=!œîû vþzþ™îû „þöìîûÐ
iV xyhsþƒxy’!î„þ xy„þ¡ìÅ’ îœéôé “þîûöìœîû xyhsþƒxy’!î„þ xy„þ¡ìÅ’ îöìœîû ‹˜Ä 

“þîûöìœîû ¢yw“þyîû ¢,!ÜT £ëûÐ öë “þîûöìœîû xyhsþƒxy’!î„þ xy„þ¡ìÅ’ îœ ë“þ öîŸ# 
ö¢£z “þîûöìœîû ¢yw“þy “þ“þ öî!ŸÐ öë›˜ £y£zöìvÈþyöì‹˜ îõþöì˜îû ‹˜Ä £zíy£zœ 
xÄyœöì„þy£œ ¢‚=!˜“þ SassociatedV xîßþiyëû íyöì„þ !„þlsþ vþy£z !›íy£zœ £zíyöìîû 
vþy£zöìþ™yœéôé vþy£zöìþ™yœ xy„þ¡ìÅ’ îœ „þy‹ „þöìîûÐ “þy£z £zíy£zœ xÄyœöì„þy£öìœîû ¢yw“þy 
vþy£z !›íy£zœ £zíyîû “%þœ˜yëû x!•„þÐ

iiV “þyþ™›yeyéôé “þyþ™›yey î,!kþ „þîûöìœ “þîûöìœîû x’%=!œîû xyhsþƒxy’!î„þ xy„þ¡ìÅ’ 
îœ £Éy¢ þ™yëû šþöìœ ¢yw“þy ›y˜ £Éy¢ þ™yëûÐ

13. £zíy£zœ xÄyœöì„þy£öìœîû “%þœ˜yëû !@Õ¢yîûöìœîû ¢yw“þy öî!Ÿ ö„þ˜Ú 

vþz_îûéôôôé “þîûœ x %̃=!œîû xyhsþƒxy’!î„þ xy„þ¡ìÅ’ îöìœîû ‹˜Ä£z “þîûöìœîû ¢yw“þyîû 
¢,!ÜT £ëûÐ xyîyîû xyhsþƒxy’!î„þ xy„þ¡ìÅ’ îöìœîû ›y˜ £y£zöìvÈþyöì‹˜ îõþöì˜îû vþzþ™îû 
!˜¦ÅþîûŸ#œÐ £zíy£zœ xÄyœöì„þy£öìœîû x’%öì“þ ~„þ!Ýþ ›ye –OH @ùÌ&þ™ íyöì„þ !„þlsþ 
!@Õ¢yîûöìœîû ²Ì!“þ x’%öì“þ !“þ˜!Ýþ –OH @ùÌ&þ™ íyöì„þ šþöìœ !@Õ¢yîûöìœîû x’˜%=!œ 
£zíy£zœ xÄyœöì„þy£öìœîû “%þœ˜yëû öî!Ÿ ¢‚=!˜“þ xîßþiyëû íyöì„þ “þy£z £zíy£zœ 
xÄyœöì„þy£öìœîû “%þœ˜yëû !@Õ¢yîûöìœîû ¢yw“þy öî!ŸÐ

MCQ

1.  ö„þy˜ !˜!”ÅÜT vþz¡Œ“þyëû ö„þy˜ “þîûöìœîû ›%_« þ™,öìÛþîû öìÇþešþœ ~„þ„þ þ™!îû›y’ 
î,!kþ „þîûöì“þ öë þ™!îû›y’ „þyëÅ „þîûöì“þ £ëû “þyöì„þ îœy £ëûéôé

AV þ™,ÛþÝþy˜ BV ¢yw“þy
CV ¢yw“þy‚„þ DV ö„þy˜!Ýþ ˜ëû

2.  CGS þ™kþ!“þöì“þ ¢yw“þy‚„þ~îû ~„þ„þ £œéôôôé
A) dyne s cm–2 B) dyne s2 cm–1

C) dyne s cm–1 D) dyne2 s2 cm–1

3.   “þyþ™›yey î,!kþöì“þ “þîûöìœîû ¢yw“þyéôôôé

AV î,!kþ þ™yëû  BV £Éy¢ þ™yëû
CV xþ™!îûî!“Åþ“þ íyöì„þ’ëû DV ö„þy˜!Ýþ ˜ëû

4.  £y£zöìvÈþyöì‹˜ îõþöì˜îû vþzþ™!ßþi!“þöì“þ ö„þy˜ öëïöì†îû ¢yw“þyéôôôé

AV î,!kþ þ™yëû  BV £Éy¢ þ™yëû
CV xþ™!îûî!“Åþ“þ íyöì„þ DV ö„þy˜!Ýþ ˜ëû

5.  öì²Ìyþ™y˜éôé1–2–3éôé ÝþÆy£zxöìœîû  “%þœ˜yëû öì²Ìyþ™y˜éôé1–2éôévþy£zxöìœîû ¢yw“þyîû ›y˜

AV öî!Ÿ BV „þ›
CV ¢›y˜ DV ö„þy˜!Ýþ ˜ëû

6.  ¢BþÝþ vþz¡Œ“þyëû “þîûöìœîû ¢yw“þyééôôôé
A) > 1 B) 0
C) < 1 D) 1

7.  ¢yw“þy þ™!îû›yþ™ „þîûy £ëûéôôôé

AV ÞÝþÄyœy†öì›y!›Ýþyîû BV x¢äçëûyœvþä !¦þöìßþñy!›Ýþyîû
CV íyöì›Åy!›Ýþyîû DV ö„þy˜!Ýþ ˜ëûÐ

8. vþy£z !›íy£zœ £zíyöìîûîû  “%þœ˜yëû £zíy£zœ xÄyœöì„þy£öìœîû ¢yw“þyéôôôé

AV öî!Ÿ BV „þ›
CV x˜%îû*þ™ DV ö„þy˜!Ýþ ˜ëû



9. ö„þy˜ “þîûöìœîû öîû˜Óþ ¢‚…Äyîû ›y˜ 4000 ~îû öîŸ# £öìœ ö¢£z ²Ìîy£öì„þéôôôé

AV •#îû ²Ìîy£ SLaminer flowV BV xŸyhsþ ²Ìîy£ Sturbulant flowV
CV •#îû ²Ìîy£ ç xŸyhsþ ²Ìîy£ vþz¦þëû£z DV ö„þy˜!Ýþ ˜ëû

10. ö„þy˜ “þîûöìœîû öîû˜Óþ ¢‚…Äyîû ›y˜ 2100 ~îû „þ› £öìœ ö¢£z ²Ìîy£öì„þéôôôé

AV •#îû ²Ìîy£ SLaminer flowV BV xŸyhsþ ²Ìîy£ Sturbulant flowV
CV •#îû ²Ìîy£ ç xŸyhsþ ²Ìîy£ vþz¦þëû£z DV ö„þy˜!Ýþ ˜ëû

11. šÏ$þ£z!vþ!Ýþ £œ ¢yw“þy =˜öì„þîûéôôôé

AV ¢›y˜%þ™y!“þ„þ BV îÄhßþy˜%þ™y!“þ„þ
CV xöì˜y˜Ä„þ DV ö„þy˜!Ýþ ˜ëû

12. ö„þy˜ “þîûöìœîû öîû˜Óþ ¢‚…Äy ú “þîûöìœîû ¢yw“þyîûéôôôé

AV ¢›y˜%þ™y!“þ„þ BV îÄhßþy˜%þ™y!“þ„þ
CV xöì˜y˜Ä„þ DV ö„þy˜!Ýþ ˜ëû

13. þ™yîû”–„¤þy‰þöì„þ !¢_« „þöìîû ˜y „þyîû’ þ™yîû” ç „¤þyöì‰þîû ßþ™ŸÅ“þöìœîû ›y˜éôôôé

A) 90o–180o ~îû ›öì•Ä B) < 90o

C) >180o D) ö„þy˜!Ýþ ˜ëû

14. ‹œ– „¤þy‰þöì„þ ö¦þ‹yëû „þyîû’ ‹œ ç „¤þyöì‰þîû ßþ™ŸÅ“þöìœîû ›y˜éôôôé

A) 90o–180o ~îû ›öì•Ä B) < 90o

C) >180o D) ö„þy˜!Ýþ ˜ëû

15. öìÝþÆyÝþ˜ ¢)e STroutonós ruleV x˜%¢yöìîû ö„þy˜ x•Ê&î#ëû “þîûöìœîû ö›yœyîû 
îyÜ™#¦þîöì˜îû œ#˜ “þyþ™ ç ßþ³%þÝþ˜y‚öì„þîû x˜%þ™y“þ SLv/TbV ~îû ›y˜ £öìîéôôôé

A) 21 B) 30
C) 16 D) 35

MCQ Ans–

 1. (A) 2. C 3(B). 4(A).  5A.  6B. 7B.  8A. 9B. 10A. 11C. 
12B. 13A. 14B. 15A.

“,þ“þ#ëû x•Äyëû

„þ!àþ˜ þ™”yíÅ

1. îýîû*þ™“þy ç îû*þ™yhsþîû# “þyþ™›yey îœöì“þ !„þ öîyGþÚ

vþz_îûéôôôé ö„þy˜ ö›ï!œ„þ þ™”yöìíÅîû “¤þyîû xy¦þÄhsþ!îû˜ þ™îû›y’% †àþöì˜îû “þyîû“þöì›Äîû 
‹˜Ä “¤þyîû ö¦þï“þ •öì›Åîû “þyîû“þ›Ä ‡Ýþöìœç îûy¢yëû!˜„þ •öì›Åîû ¢y›y˜Ä þ™yíÅ„þÄ íy„þöì“þç 
þ™yöìîû xyîyîû ˜yç íy„þöì“þ þ™yöìîûÐ ö›ï!œ„þ þ™”yöìíÅîû ~£zîû*þ™ •›Åöì„þ îýîû*þ™“þy îöìœÐ

îû*þ™yhsþîû£z vþz¡Œ“þy– öë vþz¡Œ“þyëû ö„þy˜ ö›ïöìœîû ~„þ!Ýþ îû*þ™öì¦þ” öíöì„þ x˜Ä 
îû*þ™öì¦þöì” þ™!îû’“þ £ëû “þyöì„þ îû*þ™yhsþîû£z vþz¡Œ“þy îöìœÐ öë›˜ 96oC “þyþ™›yeyëû  
îû!Áº„þ ¢yœšþyîû ›öì˜y!„Ïþ!˜„þ ¢yœšþyöìîû þ™!îû’“þ £ëûÐ

2. ö„þœy¢ „þyöì„þ îöìœÚ ö„þœy¢ „þ“þ ²Ì„þyîû ç !„þ !„þÚ

vþz_îûéôôôé !˜!”ÅÜT ‹Äy!›!“þ„þ xy„þyîû !î!ŸÜT ¢›¢_´ „þ!àþ˜ þ™”yíÅöì„þ ö„þœy¢ 
îöìœÐ ö„þœy¢ ‰þyîû ²Ì„þyîûéôôôé

xy’!î„þ ö„þœy¢éôé öë›˜éôôôé „þ!àþ˜ „þyîÅ˜ vþy£z x:y£zvþ
¢›öìëy‹# ö„þœy¢éôé öë›˜éôôôé£#îû„þ– @ùÌyšþy£zÝþ
xyëû˜#ëû ö„þœy¢éôé öë›˜éôôôé …y”Ä œî’
•y“þî ö„þœy¢éôé öë›˜éôôôé „þþ™yîû •y“%þîû ö„þœy¢

3. ö„þœy¢ !¢öìÞÝþ› „þ“þ ²Ì„þyîû !„þ !„þÚ £z£yöì”îû xhsþƒ…[þ– ö„þœy¢ ö„þy’ ~î‚ 
²Ì!“þ öÇþöìe ~„þ!Ýþ „þöìîû vþz”y£îû’ ”yçÐ

vþz_îûéôôôé xhsþƒ…[þ ç ö„þœy¢ ö„þy’ vþzþ™îû !¦þ!_ „þöìîû ö„þœy¢ !¢öìÞÝþ›öì„þ 
¢y“þ!Ýþ öì×!’öì“þ !î¦þ_« „þîûy £öìëûöìŠéÐ !î¦þy†=!œ !˜Á¬îû*þ™éôôôé



4. ²Ì!“þ¢y›Ä ¢)e „þyöì„þ îöìœÚ

vþz_îûéôôôé ²Ì!“þ!Ýþ ö„þœyöì¢îû ~„þ!Ýþ ‹Äy!›!“þ„þ ÷î!ŸÜTÄ xyöìŠé ~î‚ ö„þœy¢ 
¢›)öì£îû †àþöì˜ ~„þ!Ýþ ¢›“þy îûöìëûöìŠéÐ ö„þœyöì¢îû ²Ì!“þ¢y›Ä ¢)e îœöì“þ ²Ì!“þ¢y›Ä 
“þœ– ²Ì!“þ¢y›Ä xÇþ– ²Ì!“þ¢y›Ä ö„þwééôôôé

ë!” ö„þy˜ „þyÒ!˜„þ “þœ ö„þy˜ ö„þœy¢öì„þ ¢›y˜ ”%£z x‚öìŸ !î¦þ_« „þöìîû ëyîû 
~„þ!Ýþ x‚öìŸîû ¢öìD çþ™îû!Ýþ þ™îûßþ™îû ”þ™Å’ ²Ì!“þ!îÁº “þ…˜ ú „þyÒ!˜„þ “þœöì„þ  
ú ö„þœyöì¢îû ²Ì!“þ¢y›Ä “þœ îœy £ëûÐ

²Ì!“þ¢y›Ä xÇþééôôôéë…˜ ö„þœy¢ ›•Äßþi ö„þy’ „þyÒ!˜„þ xÇþ ö„þw „þöìîû ë“þ 
!vþ@ùÌ# ö„þœy¢öì„þ ö‡yîûyöì˜yîû šþöìœ ú ö„þœyöì¢îû xy!” †àþöì˜îû þ™%˜ƒîûyî,!_ ‡öìÝþ 
“þ“þ !vþ@ùÌ#öì„þ “þy£z ö„þœyöì¢îû ²Ì!“þ¢y›Ä xÇþ îöìœÐ

²Ì!“þ¢y›Ä ö„þwéôôôé ²Ì!“þ¢y›Ä ö„þw îœöì“þ ö„þy˜ ö„þœy¢ ›•Äßþi ~›˜ ~„þ!Ýþ 
„þyÒ!˜„þ !î¨% öë !î¨%îû vþz¦þëû !”öì„þ ë!” ~„þ!Ýþ öîû…y !”öìëû î!•Å“þ „þîûy £ëû “þy£öìœ 
~„þ£z þ™îû›y’%– xyëû˜ îy x˜%îû*þ™ !„þŠ%é þ™yçëûy ëyëûÐ

5. ö„þœy¢ ‹yœ„þ ç ~„þ„þ ö„þy¡ì „þyöì„þ îöìœÚ

vþz_îûéôôôéöì„þy˜ ö„þœyöì¢îû vþzþ™y”y˜ þ™îû›y’% îy xyëû˜=!œ !e›y!e„þ “þöìœ !˜!”ÅÜT 
”)îûc î‹yëû öîûöì… þ™ëÅyëû e«!›„þ „þ’y=!œîû þ™%˜ƒîûyî,!_îû šþöìœ öë ‹yœöì„þîû ¢,!ÜT 
£ëû “þyöì„þ£z ö„þœy¢ ‹yœ„þ îöìœÐ

ö„þy˜ ö„þœy¢y„þyîû þ™”yöìíÅîû xhsþ†Å“þ ö„þœy¢éôé‹yœöì„þ öë Ç%þo“þ› !e›y!e„þ 
!î˜Äyöì¢îû þ™ëÅyëû e«!›„þ þ™%˜ƒîûyî,!_ ‡öìÝþ ö¢£z Ç%þo“þ› !e›y!e„þ !î˜Äy¢öì„þ ~„þ„þ 
ö„þy¡ì îöìœÐ

6. ¢îûœ / xy!”› ~„þ„þ ö„þy¡ì– þ™,Ûþöì„þ!w„þ ~„þ„þ ö„þy¡ì– ö”£öì„þ!w„þ ~„þ„þ 
ö„þy¡ì ç ²Ìyhsþöì„þ!w„þ ~„þ„þ ö„þyöì¡ìîû ¢‚Kþy ”yçÐ

vþz_îûéôôôé öë ~„þ„þ ö„þyöì¡ìîû ö„þœy¢ †àþ˜„þyîû# „þ’y öë›˜éôôôéþ™îû›y’%– xyëû˜ 
ö„þîœ›ye ö„þï!’„þ !î¨%öì“þ xîßþiy˜ „þöìîû “þyöì„þ xy!”› ~„þ„þ ö„þy¡ì îöìœÐ

þ™,Ûþöì„þ!w„þ ~„þ„þ ö„þy¡ìéôôôéöë ~„þ„þ ö„þyöì¡ìîû ö„þœy¢ †àþ˜„þyîû# „þ’y 
öë›˜éôôôéþ™îû›y’%– xyëû˜ ö„þï!’„þ !î¨% Šéyvþüyç ²Ì!“þ!Ýþ þ™,Ûþ“þöìœîû ö„þw!î¨%öì“þ 
xîßþiy˜ „þöìîû “þyöì„þ xy!”› ~„þ„þ ö„þy¡ì îöìœÐ

²Ìyhsþöì„þ!w„þ ~„þ„þ ö„þy¡ìééôôôé
öë ~„þ„þ ö„þyöì¡ìîû ö„þœy¢ †àþ˜„þyîû# „þ’y öë›˜éôôôéþ™îû›y’%– xyëû˜ ö„þï!’„þ 

!î¨% Šéyvþüyç !îþ™îû#“þ ¢›yhsþîûyœ þ™,öìÛþîû ö„þw!î¨%öì“þ xîßþiy˜ „þöìîû “þyöì„þ xy!”› 
~„þ„þ ö„þy¡ì îöìœÐ

7. îÊÄyöì¦þ¢ œÄy!Ýþ¢ „þyöì„þ îöìœÚ

vþz_îûéôôôé ‰þyîû!Ýþ !î!¦þ§¬ •îûöì˜îû ~„þ„þ ö„þy¡ì S¢îûœ / xy!”› ~„þ„þ ö„þy¡ì– þ™,Ûþ 
ö„þ!w„þ ~„þ„þ ö„þy¡ì– ö”£ ö„þ!w„þ ~„þ„þ ö„þy¡ì ç ²Ìyhsþöì„þ!w„þV ç ¢y“þ!Ýþ ö„þœy¢ 
!¢öìÞÝþ› ¢›§ºöìëû öë ö‰þïj!Ýþ œÄy!Ýþ¢ !î˜Äy¢ þ™yçëûy ëyëû “þyöì„þ îÊÄyöì¦þ¢ œÄy!Ýþ¢ 
îöìœÐ ö‰þïj!Ýþ îÊÄyöì¦þ¢ œÄy!Ýþ¢ ~îû ›öì•Ä ¢y“þ!Ýþ ¢îûœ †àþ˜– !“þ˜!Ýþ ö”£öì„þ!w„þ– 
”%!Ýþ þ™,Ûþ ö„þ!w„þ ç ”%!Ýþ ²Ìyhsþ ö„þ!w„þ ²Ì„,þ!“þîûÐ

8. ¢îûœ– ö”£öì„þ!w„þ ç þ™,Ûþöì„þ!w„þ ‡˜„þy„þyîû ~„þ„þ ö„þyöì¡ìîû „þ’y ¢‚…Äy 
!˜’Åëû „þîûÐ

vþz_îûéôôôé¢îûœ ‡˜„þy„þyîû ~„þ„þ ö„þyöì¡ìîû „þ’y ¢‚…Äyéôé
¢îûœ ‡˜„þy„þyîû xy„,þ!“þîû ²Ì!“þ!Ýþ ~„þ„þ ö„þyöì¡ìîû ö„þîœ›ye ö„þï!’„þ !î¨%öì“þ 

ö„þœy¢ †àþ˜„þyîû# „þ’y xîßþiy˜ „þöìîûÐ xyîyîû ‡˜öì„þîû ö„þï!’„þ !î¨%îû ¢‚…Äy xyÝþ!Ýþ 
~î‚ ²Ì!“þ!Ýþ ö„þï!’„þ !î¨% vþz£yîû ¢‚œ@À xyÝþ!Ýþ ‡˜„þöì„þ ßþ™ŸÅ „þöìîûÐ

x“þ~î ²Ì!“þ!Ýþ ¢îûœ ‡˜„þy„þyîû ~„þ„þ ö„þyöì¡ìîû „þ’y ¢‚…Äy
= 1 8

8


= 1!Ýþ
ö”£öì„þ!w„þ ~„þ„þ ö„þyöì¡ìîû „þ’y ¢‚…Äyéôé
ö”£öì„þ!w„þ ~„þ„þ ö„þyöì¡ìîû ö„þœy¢ †àþ˜„þyîû# „þ’y ö„þï!’„þ !î %̈ Šéyvþüyç ‡˜öì„þîû 



ö„þöìw xîßþiy˜ „þöìîû ~„þ!Ýþ „þ’y xîßþiy˜ „þöìîûÐ xyîyîû ²Ì!“þ!Ýþ ‡˜öì„þîû ö„þï!’„þ 
!î¨%îû ¢‚…Äy xyÝþ!Ýþ ~î‚ ²Ì!“þ!Ýþ ö„þï!’„þ !î¨% vþz£yîû ¢‚œ@À xyÝþ!Ýþ ‡˜„þöì„þ ßþ™ŸÅ 
„þöìîû ~î‚ ‡˜öì„þîû ö„þöìw xî!ßþi“þ „þ’yîû ¢öìD ö„þy˜ „þ’yîû ¢‚öìëy† íyöì„þ ˜yÐ

x“þ~î ö”£öì„þ!w„þ ~„þ„þ ö„þyöì¡ìîû „þ’y ¢‚…Äyéôé

= 1 8
8
  + 1!Ýþ

= 1 + 1 !Ýþ
= 2!Ýþ
þ™,Ûþöì„þ!w„þ ‡˜„þy„þyîû ~„þ„þ ö„þyöì¡ìîû „þ’y ¢‚…Äyéôôôé
þ™,Ûþöì„þ!w„þ ~„þ„þ ö„þyöì¡ìîû ö„þœy¢ †àþ˜„þyîû# „þ’y ö„þï!’„þ !î¨% Šéyvþüyç ²Ì!“þ!Ýþ 

þ™,öìÛþ ~„þ!Ýþ „þöìîû „þ˜y  íyöì„þÐ xyîyîû ²Ì!“þ!Ýþ ‡˜öì„þîû ö„þï!’„þ !î¨%îû ¢‚…Äy xyÝþ!Ýþ 
~î‚ ²Ì!“þ!Ýþ ö„þï!’„þ !î¨% vþz£yîû ¢‚œ@À xyÝþ!Ýþ ‡˜„þöì„þ ßþ™ŸÅ „þöìîûÐ ~Šéyvþüyç 
‡˜öì„þîû Šéëû!Ýþ þ™,Ûþ“þöìœ xîßþiy˜„þyîû# „þ’y ”%!Ýþ ~„þ„þ ö„þyöì¡ìîû ¢y•yîû’Ð x“þ~î 
²Ì!“þ!Ýþ ~„þ„þ ö„þyöì¡ì ö›yÝþ „þ’yîû ¢‚…Äy

= 1 8 1 6
8 2
  !Ýþ

= 1 + 3 !Ýþ = 4 !Ýþ

9. þ™Äy!„þ‚ ”Çþ“þy „þyöì„þ îöìœÚ ¢îûœ ‡˜„þy„þyîû ~„þ„þ ö„þyöì¡ìîû þ™Äy!„þ‚ ”Çþ“þy 
!˜’Åëû „þîûÐ

vþz_îûéôôôé ö„þy˜ ~„þ„þ ö„þyöì¡ìîû ö›yÝþ xyëû“þöì˜îû ë“þ ¦þ@Ày‚Ÿ ú ~„þ„þ ö„þyöì¡ì 
vþzþ™!ßþi“þ „þ’y=!œ myîûy x!•„,þ“þ £ëû “þyöì„þ þ™Äy!„þ‚ ”Çþ“þy îöìœÐ

¢îûœ ‡˜„þy„þyîû ~„þ„þ ö„þyöì¡ìîû þ™Äy!„þ‚ ”Çþ“þyéôôôé
²Ì!“þ!Ýþ ¢îûœ ‡˜„þy„þyîû ~„þ„þ ö„þyöì¡ìîû „þ’y ¢‚…Äy ~„þ!ÝþÐ •îûy ëy„þ ‡˜öì„þîû 

²Ì!“þ îy£Äîû ÷”‡ÅÄ a ~„þ„þ ~î‚ ö†yœ„þy„,þ!“þ „þ’yîû îÄy¢y•Å r ~„þ„þÐ öëöì£“%þ 
‡˜¢!§¬öìî!ÙWz“þ „þ’y=!œ ‡˜öì„þîû îyý îîûyîîû ßþ™ŸÅ „þöìîûÐ a = 2r

¢îûœ ‡˜„þy„þyîû ~„þ„þ ö„þyöì¡ìîû þ™Äy!„þ‚ ”Çþ“þy = 
„þ’y myîûy ö›yÝþ x!•„þ, “þ xyë“û þ˜

~„þ„þ ö„þyö¡ì îì û  ö›yÝþ xyë“û þ˜

= 

34
3

3

r

a



= 
24

3
2(2 )

r

r



= 0.524
= 52.4 %

10. þ™,Ûþöì„þ!w„þ ‡˜„þy„þyîû ~„þ„þ ö„þyöì¡ìîû þ™Äy!„þ‚ ”Çþ“þy !˜’Åëû „þîûÐ

vþz_îûéôôôé ²Ì!“þ!Ýþ þ™,Ûþöì„þ!w„þ ‡˜„þy„þyîû ~„þ„þ ö„þyöì¡ìîû „þ’y ¢‚…Äy ‰þyîû!ÝþÐ 
•îûyëy„þ ‡˜öì„þîû ²Ì!“þ îy£Äîû ÷”‡ÅÄ a ~„þ„þ ~î‚ ö†yœ„þy„,þ!“þ „þ’yîû îÄy¢y•Å r 
~„þ„þÐ öëöì£“%þ ‡˜¢!§¬öìî!ÜT“þ „þ’y=!œ ‡˜öì„þîû þ™,Ûþ“þöìœîû „þ’Åîîûyîîû ßþ™ŸÅ „þöìîûÐ

¢%“þîûy‚ a 2  = 4r

a = 
4

2
r

þ™,Ûþöì„þ!w„þ ‡˜„þy„þyîû ~„þ„þ ö„þyöì¡ìîû þ™Äy!„þ‚ ”Çþ“þy

= 

‰þyî!û Ýþ ö†yœ„þ xy„þ, þ!“þ „þ’yîû  xyë“û þ˜
~„þ„þ ö„þyö¡ì îì û  xyë“û þ˜

= 

3

3
4 4/3 r

a


= 

316
3

4
2
r

r

= 0.74
= 74%

11. ö”£öì„þ!w„þ ~„þ„þ ö„þyöì¡ìîû þ™Äy!„þ‚ ”Çþ“þy öœ…Ð

vþz_îûéôôôé ²Ì!“þ!Ýþ ö”£öì„þ!w„þ ~„þ„þ ö„þyöì¡ìîû „þ’y ¢‚…Äy  ”%!ÝþÐ •îûyëy„þ ‡˜öì„þîû 
²Ì!“þ îy£Äîû ÷”‡ÅÄ a ~„þ„þ ~î‚ ö†yœ„þy„,þ!“þ „þ’yîû îÄy¢y•Å r ~„þ„þÐ öëöì£“%þ 
‡˜¢!§¬öìî!ÜT“þ „þ’y=!œ ‡˜öì„þîû „þ’Åîîûyîîû ßþ™ŸÅ „þöìîû

¢%“þîûy‚



3 4a r
4

3
ra 

þ™,Ûþöì„þ!w„þ ‡˜„þy„þyîû ~„þ„þ ö„þyöì¡ìîû þ™Äy!„þ‚ ”Çþ“þy

= 
”!% Ýþ ö†yœ„þ xy„þ, þ!“þ „þ’yîû  xyë“û þ˜

~„þ„þ ö„þyö¡ì îì û  xyë“û þ˜

= 

34
3

3

2 r

a



= 

38
3

4
2
r

r

= 0.68
= 6óó%

12. ¦þy£z¢ ¢)‰þ„þ SWeiss indiceV– !›œyîû ¢)‰þ„þ SMiller indiceV îœöì“þ 
!„þ öîyGþÚ

ö„þœyöì¢îû þ™,Ûþ“þœ ëy ö„þœyöì¢îû !“þ˜!Ýþ xÇþöì„þ Ç%þo Ç%þo x‚öìŸ !î¦þ_« 
„þöìîûÐ ~£z Ç%þo ~„þ„þöì„þ ö„þœyöì¢îû xhsþƒ…[þ îöìœÐ ö„þy˜ ~„þ!Ýþ ~„þ„þ ö„þyöì¡ìîû 
öë “þœ ö„þœy¢ xöìÇþ xhsþƒ…[þ ¢,!ÜT „þöìîû “þyöì„þ ²Ì›y˜ “þœ îöìœÐ •îûy ëy„þ 
~„þ!Ýþ ö„þœyöì¢îû ~„þ„þ “þöìœîû X, Y, Z xÇþ îîûyîîû A, B, C myîûy …![þ“þ 
£öìëûöìŠé ëyöì”îû xhsþƒ…[þ ëíye«öì› a, b ~î‚ cÐ xyîûç •îûyëy„þ ú ö„þœyöì¢îû 
xþ™îû ~„þ!Ýþ “þœ D, E, F myîûy X, Y, Z xÇþöì„þ …![þ“þ „þöìîûöìŠé ~î‚ …![þ“þ 
x‚öìŸîû ÷”‡ÅÄ ëíye«öì› 2a, 3b– ~î‚ 2cÐ ~£z a– b– ~î‚ c ~îû ¢£†=!œöì„þ 
¦þy£z¢ ¢)‰þ„þ SWeiss indiceV îœy £ëûÐ

X

Y

Z

A

B

C

D

E

F

¦þy£z¢ ¢)‰þöì„þîû SWeiss indiceV xöì˜Äy˜Äöì„þ !›œyîû ¢)‰þ„þ îöìœ ~…yöì˜ 2– 
3– 2 ~îû !›œyîû ¢)‰þ„þ £œ

= 
1 1 1
2 3 2, ,

= 
1 6 1 6 1 6

2 3 2, ,  

= 3, 2, 3

13. ~: îû!ÙÂîû ¢y£yöìëÄ ö„þy˜ ö„þœyöì¢îû †àþ˜ !˜’Åöìëûîû îÊÄy† ¢›#„þîû’ 
²Ì!“þÛþy „þîûÐ

vþz_îûéôôôé~: îû!ÙÂîû !îFŠ%éîûöì’îû ¢y£yöìëÄ  vþz£z!œëûy› ö£˜!îû îÊÄy† ç vþz£zœ£zëûy› 
œöìîûª îÊÄy† ö„þy˜ ö„þœyöì¢îû xyhsþƒ“þœ#ëû ”%îûc !˜’Åëû „þîûöì“þ ~„þ!Ýþ îûy!Ÿ›yœy 
²Ì!“þÛþy „þîûöì“þ ¢Çþ› £öìëû!Šéöìœ˜ ëy îÊÄy† ¢›#„þîû’ ˜yöì› þ™!îû!‰þ“þÐ ¢y•yîû’“þ 
ö„þy˜ ö„þœyöì¢îû „þ’y=!œîû ”)îûöìcîû îÄî•y˜ ~:éôéîû!ÙÂîû “þîûD ÷”öì‡ÅÄîû ¢›þ™ëÅyöìëûîû 
£çëûyëû ²Ì!“þ!Ýþ ö„þœy¢ „þ˜y ~„þ!Ýþ !îFŠ%éîû˜ ö„þöìwîû „þy‹ „þöìîû ~î‚ ö†ï’ îû!ÙÂ 
!î!„þîû’ „þöìîûÐ ~£z !îFŠ%é!îû“þ ~: îû!ÙÂ þ™îûßþ™îû !›!œ“þ £öìëû †àþ˜›)œ„þ îÄ!“þ‰þyîû 
Sconstructive interferenceV ~î‚ ¦þyˆ˜ ›)œ„þ Sdestructive interferenceV 
¢,!ÜT „þöìîûÐ ~£z !îFŠ%éîûöì’îû ²Ì„,þ!“þ þ™ëÅöìîÇþ’ „þöìîû ö„þœyöì¢îû †àþ˜ !˜’Åëû „þîûy ëyëûÐ



þ™kþ!“þ

A B

O

C

O

D

/
P

R

¢›yhsþîûyœ ~: îû!ÙÂ =FŠé ö„þœyöì¢îû þ™ëÅyëû e«!›„þ hßþöìîûîû „þ’y=!œîû vþzþ™îû  
Ɵ ö„þyöì’ xyþ™!“þ“þ £ëû ~î‚ ú îû!ÙÂ =FŠé þ™ëÅyëû e«!›„þ hßþöìîûîû „þ’y=!œ öíöì„þ  
Ɵ ö„þyöì’ ²Ì!“þšþ!œ“þ £ëûÐ !î!¦þ§¬ hßþîû=!œ öíöì„þ ²Ì!“þšþ!œ“þ îû!ÙÂ =FŠé ë!” 
~„þ£z ”Ÿyëû íyöì„þ xíÅyê ”)îûöìcîû þ™yîûí„þÄ “þîûD ÷”öì‡ÅÄîû ¢îûœ =!’“þöì„þîû ¢›y˜

¢%“þîûy‚
COD–AOB = nλ
PO + OR = nλ
2dSinƟ = nλ

14. ö„þœyöì¢îû e&!Ýþ îœöì“þ !„þ öîyGþÚ ßþñÝþ!„þ ç öìšÊþöìBþœ e&!Ýþ „þyöì„þ îöìœ  
£z£yöì”îû ›öì•Äëû þ™yíÅ„þÄ öœ…Ð

vþz_îû ö„þy˜ ö„þœyöì¢îû †àþ˜„þyîû# „þ’yîû ë…˜ “¤þyîû xîßþiy˜– ö„þœy¢ öíöì„þ 
!˜öì…y¤‹– ö„þœyöì¢ „þ’yîû xy!•„þÄ ²Ì¦,þ!“þîû „þyîûöì’ ö„þœyöì¢ †àþöì˜îû !î‰%þÄ!“þ ‡Ýþöìœ 
ö¢£z !î‰%þÄ!“þöì„þ ö„þœyöì¢îû e&!Ýþ îöìœÐ

ßþñÝþ!„þ e&!Ýþ ƒ
ö„þy˜ xyëû˜#ëû ö„þœy¢ öíöì„þ ë…˜ ¢›¢‚…Ä„þ „þÄyÝþyëû˜ ~î‚ xÄy˜yëû˜ 

!˜öì…y¤‹ £çëûyîû šþöìœ ö„þœyöì¢ e&!Ýþ ¢,!ÜT £ëû “þyöì„þ ßþñÝþ!„þ e&!Ýþ îöìœÐ
öìšÊþ˜öì„þœ e&!Ýþéôé
ö„þy˜ xyëû˜#ëû ö„þœy¢ öíöì„þ !îöìŸ¡ì „þöìîû „þÄyÝþyëû˜ “¤þyîû !˜‹ßþº xîßþiy˜ “þÄy† 

„þöìîû ö„þœyöì¢îû xyhsþƒßþiy!˜„þ ßþiyöì˜ xîßþiy˜ „þöìîû ~î‚ ~îû šþöìœ ö„þœyöì¢ öë  
e&!Ýþ ¢,!ÜT £ëû “þyöì„þ öìšÊþ‚öì„þœ e&!Ýþ îöìœÐ

ßþñÝþ!„þ ç öìšÊþ˜öì„þœ e&!Ýþîû þ™yíÅ„þÄ

15. !‹‚„þ x:y£zvþ àþy[þy xîßþiyëû ¢y”y !„þlsþ vþz_® xîßþiyëûÐ îÄy…Äy „þîûÐ

vþz_îûéôôôéöìšÊþ‚öì„þœ e&!Ýþîû šþöìœ ~îû*þ™ ‡öìÝþÐ !‹‚„þ x:y£zvþöì„þ vþz_® „þîûöìœ 
x!:öì‹˜ xyëû̃   £zöìœ„þÝþÆ̃  î‹Å̃  „þöìîû x!:öì‹˜ †Äy¢ !£öì¢öìî ö„þœy¢ öíöì„þ !˜†Å“þ 
£ëûÐ x!:öì‹öì˜îû î!‹Å“þ £zöìœ„þÝþÆ˜ ö„þœyöì¢îû xyhsþƒßþiy!˜„þ ßþiyöì˜ xîßþiy˜ „þöìîûÐ 
šþöìœ x!“þ!îû_« !‹Bþ xyëû˜ !˜‹ßþº ßþiy˜ þ™!îû“þÄy† „þöìîû ö„þœyöì¢îû xyhsþƒßþiy!˜„þ 
ßþiyöì˜ xîßþiy˜ „þöìîû ~î‚ “þ!vþüê ²ÌŸ›“þy î‹yëû íyöì„þÐ “þyîûþ™öìîû x!:öì‹öì˜îû 
î!‹Å“þ £zöìœ„þÝþÆöì˜îû Çþ’ßþiyëû# ¢îû’ STransitionV ‡öìÝþ îöìœ£z vþz_® xîßþiyëû 
£œ%” ~î‚ Ÿ#“þœ xîßþiyëû ¢y”yÐ

ZnO(s) Zn 2+    +  1/2 O2 (g)   + 2e
Heat

15. !‹‚„þ x:y£zvþ àþy[þy xîßþiyëû ¢y”y !„þlsþ vþz_® xîßþiyëûÐ îÄy…Äy „þîûÐ

vþz_îûéôôôéöìšÊþ‚öì„þœ e&!Ýþîû šþöìœ ~îû*þ™ ‡öìÝþÐ !‹‚„þ x:y£zvþöì„þ vþz_® „þîûöìœ 
x!:öì‹˜ xyëû̃   £zöìœ„þÝþÆ̃  î‹Å̃  „þöìîû x!:öì‹˜ †Äy¢ !£öì¢öìî ö„þœy¢ öíöì„þ !˜†Å“þ 
£ëûÐ x!:öì‹öì˜îû î!‹Å“þ £zöìœ„þÝþÆ˜ ö„þœyöì¢îû xyhsþƒßþiy!˜„þ ßþiyöì˜ xîßþiy˜ „þöìîûÐ 
šþöìœ x!“þ!îû_« !‹Bþ xyëû˜ !˜‹ßþº ßþiy˜ þ™!îû“þÄy† „þöìîû ö„þœyöì¢îû xyhsþƒßþiy!˜„þ 
ßþiyöì˜ xîßþiy˜ „þöìîû ~î‚ “þ!vþüê ²ÌŸ›“þy î‹yëû íyöì„þÐ “þyîûþ™öìîû x!:öì‹öì˜îû 
î!‹Å“þ £zöìœ„þÝþÆöì˜îû Çþ’ßþiyëû# ¢îû’ STransitionV ‡öìÝþ îöìœ£z vþz_® xîßþiyëû 
£œ%” ~î‚ Ÿ#“þœ xîßþiyëû ¢y”yÐ



ZnO(s) Zn 2+    +  1/2 O2 (g)   + 2e
Heat

16. ö¢y!vþëûy› öì„Ïþyîûy£zöìvþîû î’Å ¢y”y !„þlsþ ö¢y!vþëûy› îyöìÜ™îû vþzþ™!ßþiöì“þ vþz_® 
„þîûöìœ ö¢y!vþëûy› öì„Ïþyîûy£zöìvþîû î’Å £œ%” ö”…yëû ö„þ˜Ú

vþz_îûéôôôé ö¢y!vþëûy› öì„Ïþyîûy£zöìvþîû î’Å ¢y”y !„þlsþ ö¢y!vþëûy› îyöìÜ™îû vþzþ™!ßþiöì“þ 
vþz_® „þîûöìœ ö¢y!vþëûy› öì„Ïþyîûy£zöìvþîû î’Å £œ%” ö”…yëû „þyîû’ vþz_® xîßþiyëû 
ö¢y!vþëûy› ö„Ïþyîûy£zvþ ö„þœy¢ öíöì„þ ö„Ïþyîûy£zvþ xyëû˜ îÄy!þ™“þ £öìëû ö„þœyöì¢îû 
þ™,Ûþ“þöìœ ~öì¢ ‹›y £ëû ~î‚ xÄy˜yëû˜ Ÿ)˜Ä“þy ¢,!ÜT £ëûÐ xyîyîû ö¢y!vþëûy› îyÜ™ 
öíöì„þ ö¢y!vþëûy› þ™îû›y’% ö„þœyöì¢îû þ™,Ûþ“þöìœ ‹›y £çëûyîû ¢›ëû £zöìœ„þÝþÆ˜ î‹Å˜ 
„þöìîû ~î‚ ~£z î!‹Å“þ £zöìœ„þÝþÆ˜ ö„Ïþyîûy£zvþ xyëû˜ myîûy vvþzêþ™§¬ xÄy˜yëû˜ Ÿ)˜Ä“þyëû 
~öì¢ ßþiy˜ ”…œ „þöìîûÐ ”,ŸÄ›y˜ xyöìœy„þîû!ÙÂ ö„þœyöì¢îû vþzþ™îû xyþ™!“þ“þ £öìœ 
ö¢£z Ÿ!_« £zöìœ„þÝþÆ˜ öŸy¡ì’ „þöìîû vþz§¬#“þ £ëû ~î‚ £zöìœ„þÝþÆöì˜îû Çþ’ßþiyëû# ¢îû’ 
StransitionV ‡öìÝþÐ

MCQ

1.  ë!” ~„þ!Ýþ ‡˜öì„þîû îyýîû ÷”‡ÅÄ òaó £ëû– “þöìî ö”£öì„þ!w„þ þ™îû›y’% ç ~„þ!Ýþ 
ö„þï!’„þ þ™îû›y’%îû ›öì•Ä„þyîû ”%îûc £öìî– [AIPTM–14]

A) 2a/31/2 B) 4a/31/2

C) 31/2a/4 D) 31/2a/2

2.  £#îûöì„þîû ²Ì!“þ!Ýþ ~„þ„þ ö„þyöìŸ „þyîÅ˜ þ™îû›y’% ¢‚…Äyéôôôé
A) 1 !Ýþ B) 4 !Ýþ
C) 8 !Ýþ D) 6 !Ýþ

3.  Cu þ™,Ûþöì„þ!w„þ ‡˜„þy„þyîû ö„þœy¢ †àþ˜ „þöìîû ëyîû ~„þ„þ ö„þyöìŸîû ²Ì!“þ!Ýþ 
²Ìyöìhsþîû ÷”‡ÅÄ 361 pmÐ ²Ì!“þ!Ýþ Cuôéþ™îû›y˜%îû îÄy¢y•Åéôé AIEEE–097

A) 157 pm B) 181 pm
C) 108 pm D) 124 pm

4.  ~„þ!Ýþ öëïöì† Y ö›ïöìœîû þ™îû›y’%=!œ ‡˜„þy„þyîû ‡˜ ¢!§¬öìîŸ †àþ˜ „þöìîû ~î‚ 
X ö›ïöìœîû þ™îû›y’%=!œ myîûy ‰þ“%þhßþœ„þ#ëû š¤þy„þ=!œîû 2/3 x‚Ÿ x!•„,þ“þ 
£ëûÐ öëï†!Ýþîû ¢öìBþ“þ £œéôé AIEEE–08

A) X3Y B) X4Y3

C) X2Y3 D) X2Y

5.  ö„þy˜!Ýþ „þ!àþ˜ xîßþiyëû ¢›öìëy‹# ö„þœy¢îû*öìþ™ î“Åþ›y˜– [JEE–13]
AV xyöìëûy!vþ˜ BV !¢!œ„þ˜
CV ¢yœšþyîû DV šþ¢šþîûy¢

6.  CsCl ~îû ö„þœy¢öì˜  ö”£öì„þ!w„þ ‡˜„þy„þyîû œÄy!Ýþ¢ †!àþ“þ £ëûÐ ë!” ~„þ„þ 
ö„þyöìŸîû îyýîû ÷”‡ÅÄ òaó £ëû “þöìî ˜#öì‰þîû ö„þy˜ ¢Á™„Åþ!Ýþ ¢!àþ„þéôé JEE–MAIN 
'14

A) rCs+ + rCl
– =31/2 a B) rCs+ + rCl

– =3a
C) rCs+ + rCl

– =3a /2 D) rCs+ + rCl
– =31/2 a /2

7. CsI3 x˜%¢‚e«yhsþ ¢!àþ„þ ›hsþîÄ!Ýþ £œéôé JEE–MAIN '13
AV ~îû ›öì•Ä Cs+– I–é ç I2 x’%îû œÄy!Ýþ¢ vþzþ™!ßþi“þ xyöìŠéÐ
BV ~!Ýþ ~„þ!Ýþ ¢›öìëy‹# x’%
CV ~îû ›öì•Ä Cs+– I3

–é xyëû˜ vþzþ™!ßþi“þ xyöìŠéÐ
DV ~îû ›öì•Ä Cs3+– I–é xyëû˜ vþzþ™!ßþi“þ xyöìŠéÐ

8. !œ!íëûy› ö”£öì„þ!w„þ
A) rCs+ + rCl

– =31/2 a B) rCs+ + rCl
– =3a

C) rCs+ + rCl
– =3a /2 D) rCs+ + rCl

– =31/2 a /2

9. !œ!íëûy› ö”£öì„þ!w„þ †àþ˜ „þöìîû ëyîû ~„þ„þ ö„þyöìŸîû ²Ì!“þ!Ýþ ²Ìyöìhsþîû ÷”‡ÅÄ 
351 pmÐ !œ!íëûyöì›îû þ™yîû›y˜!î„þ îÄy¢y•Åéôé AIEEE–'12

A) 300 pm B) 240 pm
C) 152 pm D) 75pm

10. þ™,Ûþ ö„þ!w„þ ‡˜„þy„þyîû ö„þœyöì¢ òAó þ™îû›y’%!Ýþ ²Ì!“þ!Ýþ ö„þï!’„þ !î¨%öì“þ ç òbó 
þ™îû›y’%!Ýþ þ™,Ûþ“þöìœ xîßþiy˜ „þöìîûÐ ë!” ~„þ!Ýþ b þ™îû›y’% þ™,Ûþ“þœ#ëû xîßþiy˜ 
öíöì„þ !˜îû&!jÜT £ëû– ö¢ öÇþöìe öëï†!Ýþîû ¢öìBþ“þéôé AIEEE–'11

A) A2B5 B) A2B
C) AB2 D) A2B3

11. ¢îûœ ‡˜„þy„þyîû ~„þ„þ ö„þyöìŸîû þ™Äy!„þ‚ ”Çþ“þyéôôôé
A) 52% B) 68%
C) 74 % D) ö„þy˜!Ýþ ˜ëû



12. ö”£öì„þ!w„þ ‡˜„þy„þyîû ~„þ„þ ö„þyöìŸîû þ™Äy!„þ‚ ”Çþ“þyéôôôé
A) 52% B) 68%
C) 74 % D) ö„þy˜!Ýþ ˜ëû

13. þ™,Ûþöì„þ!w„þ ‡˜„þy„þyîû ~„þ„þ ö„þyöìŸîû þ™Äy!„þ‚ ”Çþ“þyééôôôé
A) 52% B) 68%
C) 74 % D) ö„þy˜!Ýþ ˜ëû

14. ¢îûœ ‡˜„þy„þyîû ~„þ„þ ö„þyöìŸîû „þ˜yîû ¢‚…Äyéôôôé
A) 2 B) 4
C) 1 D) ö„þy˜!Ýþ ˜ëû

15.ö”£öì„þ!w„þ ‡˜„þy„þyîû ~„þ„þ ö„þyöìŸîû „þ˜yîû ¢‚…Äyéôôôé
A) 2 B) 4
C) 1 D) ö„þy˜!Ýþ ˜ëû

16. þ™,Ûþöì„þ!w„þ ‡˜„þy„þyîû ~„þ„þ ö„þyöìŸîû „þ˜yîû ¢‚…Äyéôôôé
A) 2 B) 4
C) 1 D) ö„þy˜!Ýþ ˜ëû

17. ö„þœyöì¢  ßþñÝþ!„þ e&!Ýþ ¢,!ÜT £ëûéôôôé
AV xyëûöì˜îû ö„þyéôéx!vÅþöì˜Ÿ˜ ¢‚…Äy öîŸ# £öìœÐ
BV xyëûöì˜îû ö„þyéôéx!vÅþöì˜Ÿ˜ ¢‚…Äy „þ› £öìœÐ
CV xÄy˜yëûöì˜îû xy„þyîû „þÄyÝþyëû˜ xöìþ™Çþy îvþüÐ
DV ö„þy˜!Ýþ ˜ëû

18. ö„þœyöì¢ öìšÊþ˜öì„þœ e&!Ýþ ¢,!ÜT £ëûéôôôé
AV xyëûöì˜îû ö„þyéôéx!vÅþöì˜Ÿ˜ ¢‚…Äy öîŸ# £öìœÐ
BV xyëûöì˜îû ö„þyéôéx!vÅþöì˜Ÿ˜ ¢‚…Äy „þ› £öìœÐ
CV xÄy˜yëûöì˜îû xy„þyîû „þÄyÝþyëû˜ xöìþ™Çþy îvþüÐ
DV ö„þy˜!Ýþ ˜ëû

19. ö„þœyöì¢  ßþñÝþ!„þ e&!Ýþ ¢,!ÜT £ëûéôôôé
AV xyëû˜#ëû ö„þœy¢ öíöì„þ ¢y•yîû’“þ „þÄyÝþyëû˜ !˜îû&!jÜT £çëûyîû šþöìœ
BV xyëû˜#ëû ö„þœy¢ öíöì„þ „þÄyÝþyëû˜ ç xÄy˜yëû˜ vþz¦þëû !˜îû&!jÜT £çëûyîû šþöìœ
CV xyëû˜#ëû ö„þœy¢ öíöì„þ ¢y•yîû’“þ xÄy˜yëû˜ !˜îû&!jÜT £çëûyîû šþöìœ
DV ö„þy˜!Ýþ ˜ëû

20. AgBr ö„þœyöì¢ öë •îûöì˜îû e&!Ýþ ö”…y ëyëû “þy £œééôôôé
AV Ö•%›ye ßþñÝþ!„þ e&!Ýþ
BV Ö•%›ye öìšÊþ˜öì„þœ e&!Ýþ
CV ßþñÝþ!„þ ~î‚ öìšÊþ˜öì„þœ vþz¦þëû ²Ì„þyöìîûîû e&!Ýþ
DV ö„þy˜!Ýþ ˜ëû

21. ‡˜„þy„,þ!“þ NaCl  ö„þœyöì¢ ²Ì!“þ¢y›Ä ¢‚…Äy SElements of SymmetryVéôé
A) 25 B) 14
C) 7 D) 23

22. ö„þœy¢ öì×!’îû ö›yÝþ ¢‚…Äy £œéôôôé
A) 7 B) 14
C) 23 D) ö„þy˜!Ýþ ˜ëû

23. ¢y“þ îû„þ› ö„þœy¢ !¢öìÞÝþöì›îû îÊyöì¦þ¢ œÄy!Ýþöì¢îû ö›yÝþ ¢‚…Äy £œéôôôé
A) 7 B) 14
C) 23 D) ö„þy˜!Ýþ ˜ëû

24. ¢y“þ îû„þ› ö„þœy¢ !¢öìÞÝþöì›îû ö›yÝþ þ™öìëûrÝþ @ùÌ&öìþ™îû SPoint GroupV 
¢‚…Äy £œéôé

A) 7 B) 14
C) 23 D) ö„þy˜!Ýþ ˜ëû

25. î!eŸ!Ýþ þ™öìëûrÝþ @ùÌ&öìþ™îû ö›yÝþ öìßþ™¢ @ùÌ&öìþ™îû SSpace GroupV ¢‚…Äy £œéôôôé
A) 23 B) 230
C) 32 D) 14

26. ¦þy£z¢ SWeissV ¢)‰þöì„þîû xöì˜y˜Ä„þ îœy £œééôôôé
AV !›œyîû ¢)‰þ„þ BV îÊy!¦þ¢ œÄy!Ýþ¢
CV ~„þ„þ ö„þyŸ DV ö„þy˜!Ýþ ˜ëû

27. ö„þy˜ ö„þœyöì¢îû ¦þy£z¢ SWeissV ¢)‰þöì„þîû ›y˜ 1–1–∞ £öìœ !›œyîû ¢)‰þöì„þîû 
›y˜ £öìîéôôôé

A) 1, 1, 0 B) 1, 1, ∞
C) 1, 1, 1 D) 1, 2, 2



28. ö„þy˜ ö„þœyöì¢îû ¦þy£z¢ SWeissV ¢)‰þöì„þîû ›y˜ 1/1–1/2– 1/3 £öìœ !›œyîû 
¢)‰þöì„þîû ›y˜ £öìîééôôôé

A) 1, 2, 3 B) 1, 1, ∞
C) 6, 3, 2 D) 3, 2, 1

29. ö„þœyöì¢îû xyhsþƒ“þöìœîû ”)îûc !˜’Åëû „þîûy £ëûéôôôé
AV Ö•%›ye îÊy† ¢›#„þîû’ SBragg EquationV myîûy
BV Ö•%›ye !›œyîû ¢)‰þöì„þîû ¢y£yöìëÄ
CV Ö•%›ye ¦þy£z¢ SWeissV ¢)‰þöì„þîû ¢y£yöìëÄ
DV îÊy† ¢›#„þîû’ ç !›œyîû ¢)‰þöì„þîû vþz¦þöìëûîû ¢y£yöìëÄ

30. îÊyöì¦þ¢ œÄy!Ýþöì¢ ¢îûœ œÄy!Ýþöì¢îû ¢‚…Äy £œéôôôé
A) 7 B) 4
C) 3 D) 2

31. îÊyöì¦þ¢ œÄy!Ýþöì¢ ö”£öì„þ!w„þ œÄy!Ýþöì¢îû ¢‚…Äy £œéôôôé
A) 7 B) 4
C) 3 D) 2

32. îÊyöì¦þ¢ œÄy!Ýþöì¢ ¢îûœ œÄy!Ýþöì¢îû ¢‚…Äy £œéôôôé
A) 7 B) 4
C) 3 D) 2

33. þ™,Ûþöì„þ!w„þ ~„þ„þ ö„þyöìŸîû ö„þyéôéx!vÅþöì˜Ÿ˜ ¢‚…Äy SCNV £œééôôôé
A) 6 B) 8
C) 9 D) 12

MCQ

 Ans– 1.(D) 2.C) 3.D) 4.(B) 5.(B) 6.(A) 7.(C) 8.(A) 9.(A) 10.A) 
11.(A) 12.(B) 13.(C) 14.(C) 15.(A) 16.(B) 17.(A) 18.(B) 19.(B) 
20.(C) 21.(D) 22.(A) 23.(B) 24.(A) 25. (B) 26.(A) 27.(A) 
28.(C) 29.(D) 30.(A) 31.(C) 32.(D) 33.(D)

‰þ“%þíÅ x•Äyëû

îûy¢yëû!˜„þ †!“þ!î”Äy SChemical kineticsV

1. !î!e«ëûyîû £yîû îœöì“þ !„þ öîyGþÚ !î!e«ëûyîû £yöìîûîû ~„þ„þ !„þÚ

vþz_îûéôôôé²Ì!“þ ~„þ„þ ¢›öìëû ö„þy˜ îûy¢yëû!˜„þ !î!e«ëûyëû ë“þ þ™!îû›y’ !î!e«ëûy‹y“þ 
þ™”yíÅ vvþzêþ™§¬ £ëû “þyöì„þ£z !î!e«ëûyîû £yîû îœy £ëûÐ xíîy ²Ì!“þ ~„þ„þ ¢›öìëû ë“þ 
þ™!îû›y’ !î!e«ëû„þ þ™”yíÅ xhsþ!£Å“þ £ëû “þyöì„þ£z !î!e«ëûyîû £yîû îœy £ëûÐ

!î!e«ëûyîû £yöìîûîû ~„þ„þ ö›yœ !œÝþyîûé–1 ö¢öì„þuþé–1

2. “þyêÇþ!˜„þ !î!e«ëûyîû £yîû ç †vþü !î!e«ëûyîû £yîû îy ¢y›!@ùÌ„þ £yîû îœöì“þ 
„þ# öîyGþÚ

vþz_îûéôôôé ö„þy˜ îûy¢yëû!˜„þ !î!e«ëûy ‰þœy„þyœ#˜ öë ö„þy˜ ›%£)öì“Åþ ²Ì!“þ ~„þ„þ 
¢›öìëû öë þ™!îû›y’ ö„þy˜ !î!e«ëû„þ þ™”yíÅ xhsþ!£Å“þ £ëû !„þ‚îy ²Ì!“þ ~„þ„þ ¢›öìëû 
öë þ™!îû›y’ !î!e«ëûy‹y“þ þ™”yíÅ vvþzêþ™§¬ £ëû ö¢£z þ™!îû›y’öì„þ “þyêÇþ!˜„þ !î!e«ëûyîû 
£yîû îöìœÐ

xyîyîû ~„þ!Ýþ !˜!”ÅÜT ¢›öìëûîû îÄî•yöì˜ !î!e«ëû„þ !„þ‚îy !î!e«ëûy‹y“þ þ™”yöìíÅîû 
†y‘þüöìcîû ö›yÝþ þ™!îûî“Åþ˜öì„þ ö›yÝþ ¢›öìëûîû îÄî•y˜öì„þ !”öìëû ¦þy† „þîûöìœ öë ¦þy†šþœ 
þ™yçëûy ëyëû “þyöì„þ£z †vþü !î!e«ëûyîû £yîû îy ¢y›!@ùÌ„þ £yîû îöìœÐ

3. !î!e«ëûyîû £yîû •Ê&î„þ îœöì“þ !„þ öîyGþÚ

vþz_îûéôôôé ö„þy˜ !˜!”ÅÜT vþz¡Œ“þyëû ö„þy˜ !î!e«ëû„þ þ™”yöìíÅîû ~„þ„þ †y‘þüöìc ú 
!î!e«ëûyîû öë £yîû þ™yçëûy ëyëû “þyöì„þ£z ú !î!e«ëûyîû £yîû •Ê&î„þ îœy £ëûÐ

4. !î!e«ëûyîû £yîû ç £yîû •Ê&îöì„þîû þ™yíÅ„þÄ öœ…Ð

vþz_îûéôôôé !î!e«ëûyîû £yîû ç £yîû •Ê&îöì„þîû þ™yíÅ„þÄ



5. !î!e«ëûyîû e«› ç xy’!î„þ“þyîû ¢‚Kþy ”yçÐ

vþz_îûéôôôé !î!e«ëûyîû e«›éôé ö„þy˜ !î!e«ëûyîû e«› îœöì“þ öîyGþyëû ú !î!e«ëûyîû £yîû 
!˜•Åyîû„þ ¢›#„þîûöì’ †y‘þüöìcîû ‡yöì“þîû ¢›!ÜTöì„þÐ !î!e«ëûyîû e«› ~„þ!Ýþ þ™îû#Çþyœ¸þ îûy!ŸÐ

xy’!î„þ“þyéôéöì„þy˜ ~„þ!Ýþ ö›ï!œ„þ !î!e«ëûy ¢‚‡!Ýþ“þ £çëûyîû ‹˜Ä ë“þ=!œ 
x˜%– þ™îû›y˜% îy xyëûöì˜îû ²Ìöìëûy‹˜ “þyöì„þ£z xy’!î„þÝþy îöìœÐ

6. ö›ï!œ„þ !î!e«ëûy ç ‹!Ýþœ !î!e«ëûy îœöì“þ „þ# öîyGþÚ

vþz_îûéôôôé ö›ï!œ„þ !î!e«ëûy– öë ¢î !î!e«ëûy ›ye ~„þ!Ýþ •yöìþ™ ¢Á™§¬ £ëû “þyöì„þ£z 
ö›ï!œ„þ !î!e«ëûy îöìœÐ ö›ï!œ„þ !î!e«ëûyëû ö„þy˜ xhsþîÅ“Åþ# öëï† vvþzêþ™§¬ £ëû ˜yÐ

‹!Ýþœ !î!e«ëûyéôé öë ¢î !î!e«ëûy ”%£z îy “þöì“þy!•„þ ö›ï!œ„þ !î!e«ëûyîû ¢›y§ºöìëû 
†!àþ“þ “þyöì„þ ‹!Ýþœ !î!e«ëûy îöìœÐ

!î!e«ëûyîû e«› ç xy’!î„þ“þyîû þ™yíÅ„þÄ

8. néôée«›– Ÿ)˜Ä e«›– ²Ìí› e«›– !m“þ#ëû e«›– “,þ“þ#ëû e«› !î!e«ëûyîû £yîû 
•Ê&îöì„þîû ~„þ„þ öœ…Ð

vþz_îûéôôôé

A Productn

!î!e«ëûyîû £yîû = – 
 d A
dt  K[A]n

öë…yöì˜ n = !î!e«ëûyîû e«›
~î‚ K = !î!e«ëûyîû £yîû •Ê&î„þ
iV K ~îû ~„þ„þ

 
1

nö›yœ/!œÝþyîû
ö¢ö„ì þ[þ ö›yœ/!œÝþyîû

= ö›yœ1–n !œÝþyîûn–1 ö¢öì„þuþé–1

iiV Ö˜Äe«› !î!e«ëûyîû £yîû •Ê&îöì„þîû ~„þ„þƒ
ö›yœ 1éôé0  !œÝþyîû 0éôé1 ö¢öì„þuþé–1

= ö›yœ !œÝþyîûé–1 ö¢öì„þuþ–1

iiiV ²Ìí› e«›  !î!e«ëûyîû £yîû •Ê&îöì„þîû ~„þ„þƒ
= ö›yœ1–1 !œÝþyîû1–1 ö¢öì„þuþé–1

= ö¢öì„þuþé–1

ivV !m“þ#ëû e«› !î!e«ëûyîû £yîû •Ê&îöì„þîû ~„þ„þƒ
= ö›yœ1–2  !œÝþyîû2–1 ö¢öì„þuþé–1

= ö›yœ–1 !œÝþyîû 1 ö¢öì„þuþé–1

vV “,þ“þ#ëû e«› !î!e«ëûyîû £yîû •Ê&îöì„þîû ~„þ„þƒ
ö›yœn–1 !œÝþyîûn–1 ö¢öì„þuþé–1

= ö›yœ1–3 !œÝþyîû3–1 ö¢öì„þuþé–1

= ö›yœ–2 !œÝþyîû2 ö¢öì„þuþé–1

9. ~„þ!Ýþ ²Ìí›e«› !î!e«ëûyîû £yîû •Ê&î„þ !˜’Åöìëûîû †y!’!“þ„þ îûy!Ÿ›yœy ²Ì!“þÛþy 
„þîûÐ

vþz_îûéôôôé •îûy ëy„þ ˜#öì‰þîû !î!e«ëûy!Ýþ ~„þ!Ýþ ²Ìí› e«öì›îû !î!e«ëûy



A  B

 !î!e«ëû„þ !î!e«ëûy‹y“þ þ™”yíÅ

¢%“þîûy‚ !î!e«ëûyîû £yîû = –  d A
dt  = K[A]

îy –  d A
A  = Kd

=  d A
A Kdt   

=  d A
A Kdt   

ln A = –Kt + C–    éôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéS1V öë…yöì̃  C = ¢›y„þœ˜ •Ê&î„þ
ë…˜ t = 0– “þ…˜ A = Ao

¢%“þîûy‚
ln Ao =  C
¢%“þîûy‚
ln A = –Kt + ln Ao

îy Kt = ln Ao – ln A

îy Kt = ln 0A
A

Kt = 2.303 log 0A
A

  

K  = 2.303
t  log 0A

A
 

10. ~„þ!Ýþ !m“þ#ëûe«› !î!e«ëûyîû £yîû •Ê&î„þ !˜’Åöìëûîû †y!’!“þ„þ îûy!Ÿ›yœy 
²Ì!“þÛþy „þîûÐ

•îûy ëy„þ ˜#öì‰þîû !î!e«ëûy!Ýþ ~„þ!Ýþ !m“þ#ëû e«öì›îû !î!e«ëûy

A  B2

 !î!e«ëû„þ !î!e«ëûy‹y“þ þ™”yíÅ
xyîûç •îûy ëy„þ t ö¢öì„þuþ þ™îû b †y‘þüc × î,!kþ öþ™öìëûöìŠéÐ ¢%“þîûy‚ t ö¢öì„þuþ 

þ™îû A ~îû †y‘þüc a–x öë…yöì˜ a = A ~îû ²Ìyí!›„þ †y‘þüc
¢%“þîûy‚

!î!e«ëûyîû £yîû = dx
dt  = K(a–x)2

îy 2( )
dx

a x  = Kdt

îy 2( )
dx

a x
Kdt


  

îy 
1

a x  = Kt + Côééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôé S1V öë…yöì˜ C = 
¢›y„þœ˜ •Ê&î„þ

Öîû&öì“þ t = 0, x = 0

¢%“þîûy‚ 1
a  = 0 + C

C = 1
a  

C ~îû ›y˜ S1V ¢›#„þîûöì’ î!¢öìëû þ™y£z
1

a x  = Kt + 1
a  

îy Kt = 
1

a x  – 1
a

îy Kt = ( )
a x a
a a x
 
  

îy Kt = ( )
x

a a x

îy K = ( )
x

at a x

11. ~„þ!Ýþ !m“þ#ëûe«› !î!e«ëûyîû x•Åyëû%îû ²Ìyí!›„þ †y‘þüöìcîû îÄhßþy˜%þ™y!“þ„þéôé 
²Ì›y˜ „þîûÐ

vþz_îûéôôôé •îûy ëy„þ ˜#öì‰þîû !î!e«ëûy!Ýþ ~„þ!Ýþ !m“þ#ëû e«öì›îû !î!e«ëûy

A  B2

 !î!e«ëû„þ !î!e«ëûy‹y“þ þ™”yíÅ
xyîûç •îûy ëy„þ t ö¢öì„þuþ þ™îû b †y‘þüc x î,!kþ öþ™öìëûöìŠéÐ ¢%“þîûy‚ t ö¢öì„þuþ 

þ™îû A ~îû †y‘þüc aéôéx öë…yöì˜ a = A ~îû ²Ìyí!›„þ †y‘þüc
¢%“þîûy‚



!î!e«ëûyîû £yîû = dx
dt  = K(a–x)2

îy 2( )
dx

a x  = Kdt

îy 2( )
dx

a x
Kdt


  

îy 
1

a x  = Kt + Côééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôé S1V öë…yöì˜ C = 
¢›y„þœ˜ •Ê&î„þ

Öîû&öì“þ t = 0– x = 0

¢%“þîûy‚  1
a  = 0 + C

C = 1
a  

C ~îû ›y˜ S1V ¢›#„þîûöì’ î!¢öìëû þ™y£z
1

a x  = Kt + 1
a  

îy Kt = 
1

a x  – 1
a

îy Kt = ( )
a x a
a a x
 
  

îy Kt = ( )
x

a a x

îy K = ( )
x

at a x  

îy ( )
x

ak a xt 

îy /2
1/2 ( /2)

a
ak a aT    

îy /2
1/2 ( /2)

a
ak aT 

îy 
1

1/2 akT     

îy 
1

1/2 aT      
¢%“þîûy‚ !m“þ#ëûe«› !î!e«ëûyîû x•Åyëû%îû ²Ìyí!›„þ †y‘þüöìcîû îÄhßþy˜%þ™y!“þ„þÐ

12. ~„þ!Ýþ ²Ìí›e«› !î!e«ëûyîû x•Åyëû% ~„þ!Ýþ •Ê&î„þ îûy!Ÿéôé ²Ì›y˜ „þîûÐ

vþz_îûéôôôé •îûy ëy„þ ˜#öì‰þîû !î!e«ëûy!Ýþ ~„þ!Ýþ ²Ìí› e«öì›îû !î!e«ëûy

A  B

 !î!e«ëû„þ !î!e«ëûy‹y“þ þ™”yíÅ

¢%“þîûy‚ !î!e«ëûyîû £yîû = –  d A
dt  = K[A]

îy –  d A
A  = Kd

=  d A
A Kdt   

=  d A
A Kdt   

ln A = –Kt + C–    éôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéS1V öë…yöì̃  C = ¢›y„þœ˜ •Ê&î„þ
ë…˜ t = 0– “þ…˜ A = Ao

¢%“þîûy‚
ln Ao = C
¢%“þîûy‚
ln A = –Kt + ln Ao

îy Kt = ln Ao – ln A
îy Kt = ln

Kt = 2.303 log 0A
A

t  = 2.303
K  log 0A

A
   

t1/2 = 2.303
K  log 0

0 /2
A

A
 

t1/2 = 2.303
K  log 2

t1/2 = 0.693
K

t1/2 = •Ê&î„þ îûy!Ÿ



13.  ²Ì›y˜ „þîû éôé ~„þ!Ýþ ²Ìí› e«› !î!e«ëûyîû t2/3 ¢›ëû„þyœ ²Ìyí!›„þ †y‘þüöìcîû 
vþzþ™îû !˜¦Åþîû „þöìîû ˜yÐ

vþz_îûéôôôé •îûy ëy„þ ˜#öì‰þîû !î!e«ëûy!Ýþ ~„þ!Ýþ ²Ìí› e«öì›îû !î!e«ëûy

A  B

 !î!e«ëû„þ !î!e«ëûy‹y“þ þ™”yíÅ

¢%“þîûy‚ !î!e«ëûyîû £yîû = –  d A
dt  = K[A]

îy –  d A
A  = Kd

=  d A
A Kdt   

=  d A
A Kdt   

ln A = –Kt + C–    éôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéS1V öë…yöì̃  C = ¢›y„þœ˜ •Ê&î„þ
ë…˜ t = 0– “þ…˜ A = Ao

¢%“þîûy‚
ln Ao = C
¢%“þîûy‚
ln A = –Kt + ln Ao

îy Kt = ln Ao – ln A

îy Kt = ln 0A
A

t = 2.303
K

 log 0A
A

t1/2 = 2.303
K  log 0

0 /2
A

A

t1/2 = 2.303
K  log 2

¢%“þîûy‚ ²Ìí›e«› !î„þ!îûëûyîû t1/2 xyëû%Üñyœ ²Ìyí!›„þ †y‘þüöìcîû vþzþ™îû !˜¦þîû „þöìîû ˜yÐ

14.  ²Ì›y˜ „þîû éôé ~„þ!Ýþ ²Ìí›e«öì›îû !î!e«ëûy !˜ƒöìŸ¡ì £öì“þ x¢#› ¢›öìëûîû 
²Ìöìëûy‹˜Ð

vþz_îûéôôôé •îûy ëy„þ ˜#öì‰þîû !î!e«ëûy!Ýþ ~„þ!Ýþ ²Ìí› e«öì›îû !î!e«ëûy

A  B

 !î!e«ëû„þ !î!e«ëûy‹y“þ þ™”yíÅ

¢%“þîûy‚ !î!e«ëûyîû £yîû = –  d A
dt  = K[A]

îy –  d A
A  = Kd

=  d A
A Kdt   

=  d A
A Kdt   

ln A = –Kt + C–    éôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéS1V öë…yöì̃  C = ¢›y„þœ˜ •Ê&î„þ
ë…˜ t = 0– “þ…˜ A = Ao

¢%“þîûy‚
ln Ao =  C
¢%“þîûy‚
ln A = –Kt + ln Ao

îy Kt = ln Ao – ln A

îy Kt = ln 0A
A

0A
A

 = eKt

0

A
A  = e–Kt

îy A = Ao e
–Kt

~…˜ !î!e«ëûy!Ýþ !˜ƒöìŸ¡ì £öìî ë!” A = 0 £ëûÐ
¢%“þîûy‚

Ao e–Kt = 0

e–Kt = 0



e–Kt = e

îy t = 
~„þ!Ýþ ²Ìí›e«öì›îû !î!e«ëûy !˜ƒöìŸ¡ì £öì“þ x¢#› ¢›öìëûîû ²Ìöìëûy‹˜Ð

15. ²Ìí› ç !m“þ#ëû e«› !î!e«ëûyîû þ™yíÅ„þÄ öœ…Ð

16. Ÿ)˜Ä– ²Ìí› e«›– !m“þ#ëû e«›– “,þ“þ#ëû e«› !î!e«ëûyîû vþz”y£îû’ ”yçÐ

vþz_îûéôôôé
Ÿ)˜Ä e«› !î!e«ëûy ƒ
þ™Äyœy!vþëûy›– ²Õy!Ýþ˜y› ²Ì¦,þ!“þ •y“%þ £y£zöìvÈþyöì‹˜ †Äy¢ öŸy¡ì’ „þöìîûÐ £z£yöì„þ 

£y£zöìvÈþyöì‹öì˜îû xhsþîû•,!“þ îöìœÐ ~£z !î!e«ëûy!Ýþ £y£zöìvÈþyöì‹˜ †Äyöì¢îû †y‘þüöìcîû 
vþzþ™îû !˜¦Åþîû „þöìîû ˜yÐ

²Ìí› e«› !î!e«ëûyîû vþz”y£îû’éôôôé
£y£zöìvÈþyöì„Ïþy!îû„þ xÄy!¢öìvþîû vþzþ™!ßþi!“þöì“þ !›íy£zœ xÄy!¢öìÝþöìÝþîû xyoÅ !îöìÙÕ¡ì’  

~„þ!Ýþ ²Ìí› e«› !î!e«ëûyîû vþz”y£îû’

CH3COOCH3 CH3COOH+       HCl +   CH3OH
Hydrolysis

!m“þ#ëû e«› !î!e«ëûy ƒ Çþyîû#ëû ›y•Äöì› ~ÞÝþyöìîûîû xyoÅ !îöìÙÕ¡ì’ ~„þ!Ýþ !m“þ#ëû 
e«› !î!e«ëûyîû vþz”y£îû’Ð

CH3COOCH2CH3 CH3COONa+     NaOH + CH3CH2OH
Hydrolysis

“,þ“þ#ëû e«› !î!e«ëûyîû vþz”y£îû’ ”yçÐ
ÞÝþÄy˜y¢ ö„Ïþyîûy£zvþ oîöì’ öšþ!îû„þ ö„Ïþyîûy£zvþ oî’ öëy† „þîûöìœ öšþ!îû„þ 

ö„Ïþyîûy£zvþ– ÞÝþÄy˜y¢ ö„Ïþyîûy£zvþöì„þ ÞÝþÄy!˜„þ öì„Ïþyîûy£zöìvþ ‹y!îû“þ „þöìîû ~î‚ !˜öì‹ 
öšþîûy¢ öì„Ïþyîûy£zöìvþ !î‹y!îû“þ £ëûÐ ~!Ýþ ~„þ!Ýþ “,þ“þ#ëû e«› !î!e«ëûyîû vþz”y£îû’Ð

SnCl2   +      FeCl3 SnCl4   +      FeCl2

17.  x•Å‹#î˜ „þyœ ²Ì˜yœ#öì“þ !„þ¦þyöìî ö„þy˜ !î!e«ëûyîû e«› !˜’Åëû „þîûy £ëûÚ

vþz_îûéôôôéxy›îûy ‹y!˜–

²Ìí› e«› !î!e«ëûyîû x•Åyëû%– t1/2 0.693
K –

!m“þ#ëû e«› !î!e«ëûyîû x•Åyëû%– t1/2 
1
a –

“,þ“þ#ëû e«› !î!e«ëûyîû x•Åyëû%– t1/2 2
1
a



~î‚ n e«› !î!e«ëûyîû x•Åyëû%– t1/2 
1
na


•!îû ö„þy˜ ~„þ!Ýþ !î!e«ëûyîû ”%!Ýþ ²Ìyí!›„þ †y‘þüc a ~î‚ aó ~î‚ “¤þyöì”îû x•Å‹#î˜ 

„þyœ ëíye«öì› t1/2 ç t1/2Ð xyîyîû néôée«› !î!e«ëûyîû öÇþöìe ²Ìyí!›„þ †y‘þüöìcîû ¢öìD 
x•Å ‹#î˜ „þyœ þ™îûßþ™îû îÄhßþ ¢Á™„ÅþÐ ¢%“þîûy‚

t1/2 1
1
na   ôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôé S1V

t1/2 1
1
na 

 ôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéS2V
S1V ö„þ S2V myîûy ¦þy† „þöìîû þ™y£z

îy 
11/2
11/2

n

n
t a
t a



 


îy  1/2

1/2

1nt a
t a


 

vþz¦þëû þ™öìÇþ log !˜öìëû þ™y£zÐ
1/2

1/2
log 1log( )t a

t an  

îy 
1/2
1/2

log( )

log( )1
t
t

a
a

n 


 

îy 
1/2
1/2

log( )

log( )1
t
t

a
a

n 


    éôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéS3V



¢%“þîûy‚ ~„þ!Ýþ !î!e«ëûyîû ”%!Ýþ ²Ìyí!›„þ †y‘þüc !˜öìëû !î!e«ëûy ‡!Ýþöìëû ²Ì!“þ öÇþöìe 
x•Å‹#î˜„þyœ !˜’Åëû „þöìîû “þy S3V ˜Áºîû ¢›#„þîûöì’ î!¢öìëû n ›y˜ !˜’Åëû „þîûy £ëûÐ

18. •îûy ëy„þ ~„þ!Ýþ n e«› !î!e«ëûyîû ”%!Ýþ ²Ìyí!›„þ †y‘þüc C1 ~î‚ C2 !˜öìëû 
!î!e«ëûy ‡Ýþy˜ £œÐ

¢%“þîûy‚ ²Ìí› öÇþöìe !î!e«ëûyîû £yîû é 1
1

dC n
dt KC  ôééôééôééôééôééôééôééôééôééôééôééôééôéS1V

!m“þ#ëû öÇþöìe !î!e«ëûyîû £yîû 2
2

dC n
dt KC  ôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéS2V

S1V ö„þ S2V myîûy ¦þy† „þöìîû þ™y£z
1

1

2 2

n

n

dC
KCdt

dC KC
dt






îy 
1

1

2 2

n

n

dC
Cdt

dC C
dt





vþz¦þëû þ™öìÇþ log !˜öìëû þ™y£z

1
1

2 2
log( ) log( )

n

n

dC
Cdt

dC C
dt





1 2

1 2

1 2

1 2

1 2

1 2

1 2

1 2

log( ) log( )
(log log )

log( ) log( ) log log

log( ) log( ) log log

log( ) log( ) (log log )
dC dC
dt dt

dC dC n n
dt dt

dC dC
dt dt

dC dC
dt dt

C C

C C

n C n C

n C C

n 


  

  

  



îy 

îy 

îy 

îy   éôééôééôééôééôééôééôééôééôééôééôééôééôééôéS3V
¢%“þîûy‚ ~„þ!Ýþ !î!e«ëûyîû ”%!Ýþ ²Ìyí!›„þ †y‘þüc !˜öìëû Öîû& „þöìîû “þyöì”îû ²Ì!“þöÇþöìe 

!î!e«ëûyîû £yîû !˜’Åëû „þöìîû S3V ¢›#„þîûöì’ ú ›y˜ =!œ î!¢öìëû ö„þy˜ !î!e«ëûyîû 
e«› n ~îû ›y˜ !˜’Åëû „þîûy ëyëûÐ

19. ²Ìí› e«› !î!e«ëûy îœöì“þ !„þ öîyGþÚ

vþz_îûéôôôé ë…˜ ”%£z îy “þöì“þy!•„þ  !î!e«ëûöì„þîû ›öì•Ä ~„þ!Ýþîû †y‘þüc xþ™îû=!œîû 
“%þœ˜yëû …%î öî!Ÿ £öìœ ~îû*þ™ !î!e«ëûyëû ú öî!Ÿ †y‘þüc !î!ŸÜT  !î!e«ëû„þ îûy¢yëû!˜„þ 
!î!e«ëûyëû x‚Ÿ @ùÌ£’ „þîûöìœç „þyëÅ“þ £z£yîû †y‘þüöìcîû ö„þy˜ þ™!îûî“Åþ˜ ‡öìÝþ ˜yÐ 
ö„þîœ›ye ~„þ!Ýþ !î!e«ëûyöì„þîû †y‘þüöìcîû vþzþ™îû !î!e«ëûyîû £yîû !˜¦Åþîû „þöìîûÐ ~îû*þ™ 

îûy¢yëû!˜„þ !î!e«ëûyöì„þ Šép ²Ìí› e«öì›îû !î!e«ëûy îöìœÐ öë›˜ xy!ÁÔ„þ ›y•Äöì› 
¢%öìe«yöì‹îû ‹œ#ëû oîöì’îû xyoÅ !îöìÙÕ¡ì’ ~„þ!Ýþ ²Ìí› e«› !î!e«ëûyîû vþz”y£îû’Ð 
¢%öìe«y‹ ‹œ#ëû oîöì’ xyoÅ !îöìÙÕ!¡ì“þ £öìëû @Õ%öì„þy‹ ç šÊ%þöìQy‹ vvþzêþ™§¬ „þöìîûÐ 
!î!e«ëûyëû ‹öìœîû †y‘þüc ¢%öìe«yöì‹îû “%þœ˜yëû ~“þÝþy£z öî!Ÿ öë îûy¢yëû!˜„þ !î!e«ëûyëû 
ö„þîœ›ye ¢%öìe«yöì‹îû †y‘þüöìcîû þ™!îûî“Åþ˜ ‡öìÝþ ‹öìœîû †y‘þüöìcîû ö„þy˜ þ™!îûî“Åþ˜ 
‡öìÝþ ˜yÐ !î!e«ëûy!Ýþîû xy’!î„þÝþy ”%£z £öìœç ~!Ýþ ~„þ!Ýþ ²Ìí› e«öì›îû !î!e«ëûyÐ 
“þy£z ¢%öìe«yöì‹îû ‹œ#ëû oîöì’îû xyoÅ !îöìÙÕ¡ì’ £œ ~„þ!Ýþ ²Ìí› e«öì›îû !î!e«ëûyÐ

C12H22O11   +      H2O C6H12O6 + C6H12O6
H +

¢%öìe«y‹                                     @Õ%öì„þy‹             šÊ%þöìQy‹

20. vþz¡Œ“þy =’yBþ îœöì“þ !„þ öîyGþÚ

vþz_îûéôôôé ²Ì!“þ 10oC !vþ!@ùÌ vþz¡Œ“þy î,!kþöì“þ ö„þy˜ îûy¢yëû!˜„þ !î!e«ëûyîû £yîû 
2 öíöì„þ 3 =’ öîöìvþü ëyëûÐ ~£z 10o vþz¡Œ“þy î,!kþöì“þ !î!e«ëûy!Ýþîû £yîû ”%!Ýþîû 
x˜%þ™y“þöì„þ =’yBþ îöìœÐ

21. !î!e«ëûy £yöìîûîû vþzþ™îû vþz¡Œ“þyîû ²Ì¦þyî ¢‚e«yhsþ xyîûöì£!˜ëûy¢ ¢›#„þîû’!Ýþ 
öœ…Ð ~£z ¢›#„þîûöì’îû ¢y£yöìëÄ !„þ¦þyöìî ö„þy˜ !î!e«ëûyîû ¢!e«ëû „þîû’ Ÿ!_« 
!˜’Åëû „þîûy £ëûÐ

vþz_îûéôôôé vþz¡Œ“þyîû î,!kþöì“þ ö„þy’ îûy¢yëû!˜„þ !î!e«ëûyîû £yîû •Ê&îöì„þîû ›y’ î,!kþ 
þ™yëûÐ vþz¡Œ“þyîû î,!kþîû ¢öìD £yîû •Ê&îöì„þîû ›y’ !„þ þ™!îû›yöì’ î,!kþ þ™yëû “þy !˜’Åöìëûîû 
‹˜Ä !îKþy˜# xyîûöì£!˜ëûy¢ ~„þ!Ýþ x’%¦þy!î„þ ¢Á™„Åþ Semperical relationV 
²Ì!“þÛþy „þöìîû˜ ëy xyîûöì£!˜ëûy¢ ¢›#„þîû’ ˜yöì› þ™!îû!‰þ“þÐ ¢›#„þîû’!Ýþ £œ

Ea
RTK Ae  éôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéS1V

öë…yöì˜ K = !î!e«ëûyîû £yîû •Ê&î„þ
A = „þÁ™y‚„þ =˜„þ
Ea = ¢!e«ëû„þîû˜ Ÿ!_«
R = ö›yœyîû †Äy¢ •Ê&î„þ
T = þ™îû› vþz¡Œ“þy
~…˜ ¢›#„þîûöì’îû vþz¦þëû þ™öìÇþ !˜öìëû þ™y£z



In K = In A - aE
RT

îy 2.303 log K = 2.303 log A éôé aE
RT

îy log K = log A éôé 2.303
aE
RT   éôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéS2V

S V ~„þ!Ýþ ¢îûœöìîû…yîû ¢›#„þîû’Ð ¢%“þîûy‚ log K î˜y› 1/T öœ…!‰þe!Ýþ 

~„þ!Ýþ ¢îûœöìîû…y £öìî ~î‚ ~£z ¢îûœöìîû…yîû ˜!“þ éôé 2.303
aE
RT  öíöì„þ Ea ›y˜ 

!˜’Åëû „þîûy £ëûÐ
~…˜ ë!” !î!e«ëûy!Ýþîû T1 ~î‚ T2 vþz¡Œ“þyëû £yîû •Ê&î„þ ëíye«öì› K1 ~î‚  

K2 “þy£öìœ

log K1 = log A – 
12.303

aE
RT   éôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéS3V

log K2 = log A – 
22.303

aE
RT  éôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéS4V

S3V– S4V „þöìîû þ™y£z

îy log K1 – log K2 = 
2 12.303 2.303

a aE E
RT RT

îy 1

2 2 1

2

1 1 2

1 1
2.303

1 1
2.303

log ( )

log ( )

a

a

EK
K R T T

EK
K R T T

 

 

log K

1/T

22. e«›y§ºëû# !î!e«ëûyîû Sconsecutive reactionsV vþz”y£îû’¢£  ¢‚Kþy ”yçÐ

vþz_îûéôôôé öë ¢î !î!e«ëûyîû xhsþîÅ“Åþ# öëï† vvþzêþ™§¬ £ëû ëy öíöì„þ •yöìþ™ •yöìþ™  
!î!e«ëûy‹y“þ þ™”yíÅ †!àþ“þ £ëû ~î‚ xhsþîÅ“Åþ# •yþ™=!œîû ›öì•Ä ¤öì‹ •yþ™!Ýþ ›sþiîû 

†!“þöì“þ ¢Á™§¬ £ëû ö¢!Ýþ ¢y!îÅ„þ ¦þyöìî !î!e«ëûyîû e«› !˜ëûsþf’ „þöìîû “þyöì„þ e«›y§ºëû# 
!î!e«ëûy îöìœÐ öë›˜ !›öìíöì˜îû öì„Ïþy!îûöì˜Ÿ˜ !î!e«ëûy!Ýþ ~„þ!Ýþ e«›y§ºëû# !î!e«ëûyîû 
vþz”y£îû’Ð

CH4   +    Cl2 CH3Cl
h

K1
K2

CH2Cl2
Cl2+

- HCl -HCl

+Cl2

-HCl
CHCl3

K3

rate constant
=

rate constant
= =

rate constant

23. !îþ™îû#“þ›%…# !î!e«ëûyîû SOpposing reactionsV vþz”y£îû’¢£  ¢‚Kþy ”yçÐ

vþz_îûéôôôé xy›îûy ‹y!˜ ¢›hßþ !î!e«ëûy£z vþz¦þ›%…# !î!e«ëûyÐ !„þlsþ ö„þy˜ !î!e«ëûyîû 
Öîû&öì“þ !î!e«ëûy‹y“þ þ™”yöìíÅîû þ™!îû›y’ î †y‘þüc ~“þÝþy£z „þ› íyöì„þ öë !îþ™îû#“þ ›%…# 
!î!e«ëûyîû £yîû ²Ìyëû ˜†’ÄÐ !„þlsþ !î!e«ëûy ‹y“þ þ™”yöìíÅîû †y‘þüc î,!kþ öþ™öì“þ íy„þöìœ 
~„þ¢›ëû !î!e«ëûy ‹y“þ þ™”yíÅ öíöì„þ !î!e«ëû„þ þ™”yöìíÅ þ™!îû’“þ £ëûÐ ~£z •îûöì’îû 
!î!e«ëûyöì„þ !îþ™îû#“þ›%…# !î!e«ëûy îöìœÐ öë›˜ xÄyöì›y!˜ëûy› ö„Ïþyîûy£zvþ !îöìëûy!‹“þ 
£öìëû xÄyöì›y!˜ëûy ç £y£zöìvÈþyöì‹˜ ö„Ïþyîûy£zvþ vvþzêþ™§¬ „þöìîûÐ ö“þ›!˜ xÄyöì›y!˜ëûy ç 
£y£zöìvÈþyöì‹˜ ö„Ïþyîûy£zvþ !î!e«ëûy „þöìîû xÄyöì›y!˜ëûy› ö„Ïþyîûy£zvþ £ëûÐ

NH4Cl NH3         +       HCl
K1

K2

(s) (g) (g)

24. þ™yÙ»Å !î!e«ëûy Sside reactionsV „þyöì„þ îöìœÚ

vþz_îûéôôôé öë ¢î îûy¢yëû!˜„þ éôé!î!e«ëûyëû ö„þy˜ ~„þ!Ýþ !î!e«ëû„þ þ™”yíÅ öíöì„þ 
~„þ!Ýþ ›%œ !î!e«ëûy‹y“þ þ™”yíÅîû þ™yŸyþ™y!Ÿ ›%œ !î!e«ëûy‹y“þ þ™”yöìíÅîû “%þœ˜#ëû 
xþ™îû ~„þ!Ýþ !î!e«ëûy‹y“þ þ™”yíÅ vvþzêþ™§¬ £ëû “þ…˜ ~£zîû*þ™ !î!e«ëûyöì„þ þ™yÙ»Å 
!î!e«ëûy Sside reactionsV îöìœÐ

öë›˜éôôôéîûy£z›yîû !Ýþ›Äy˜ !î!e«ëûyëû öšþ˜œöì„þ ë…˜ ö¢y!vþëûy› £y£zöìvÈþy:y£zöìvþîû 
vþzþ™!ßþi!“þöì“þ öì„Ïþyöìîûyšþöì›Åîû !î!e«ëûyëû ›%œ !î!e«ëûy‹y“þ ¢Äy!œ¢Äyœ!vþ£y£zvþ ~îû 
þ™yŸyþ™y!Ÿ þ™Äyîûy£y£zöìvÈþy!: öîOÄyœ!vþ£y£zvþ vvþzêþ™§¬ £ëûÐ ~!Ýþ ~„þ!Ýþ þ™yÙ»Å !î!e«ëûyîû 
Sside reactionsV vþz”y£îû’Ð



HO

CHCl3/

NaOH

-O

-O

CHO

CHO

HCl

HCl

OH

CHO

OH

CHO

Salicylaldehyde

para-hydroxy
benzaldehyde

25. ¢!e«ëû „þîû˜ Ÿ!_« îœöì“þ !„þ öîyGþÚ ~„þ!Ýþ “þyþ™öì›y‰þ# ~î‚ “þyþ™öìŸy¡ì# 
îûy¢yëû!˜„þ !î!e«ëûyîû ¢!e«ëû „þîû˜ Ÿ!_«îû öœ…!‰þe x‚„þ˜ „þîûÐ vþz”y£îû’ ”yçÐ

vþz_îûéôôôé ö„þy˜ ~„þ!Ýþ îûy¢yëû!˜„þ !î!e«ëûy ¢Á™§¬ £çëûyîû ‹˜Ä !î!e«ëû„þ þ™”yöìíÅîû 
~„þ!Ýþ ˜Ä%̃ “þ› Ÿ!_« x‹Å̃  „þîûöì“þ £ëû ~î‚ ~£z ˜Ä%̃ “þ› Ÿ!_«îû îÄ!“þöìîûöì… îûy¢yëû!˜„þ 
!î!e«ëûy!Ýþ ¢Á™§¬ £ëû ˜yÐ ~£z ˜Ä%˜“þ› Ÿ!_«öì„þ ú !î!e«ëûyîû ¢!e«ëû„þîû’ Ÿ!_« îöìœÐ

“þyþ™öì›y‰þ# !î!e«ëûyîû ¢!e«ëû„þîû˜ Ÿ!_«îû öœ…!‰þe ƒ

A  +  B

C  +  D

Ea

E

Reaction coordinate

Reactants

Products

!î!e«ëûyëû vvþzêþ™§¬ Ÿ!_«îû þ™!îû›y’
Δ E = E

!î!e«ëû„þ
 éôé E

!î!e«ëûy‹y“þ
  îy  Δ E  = + Ve 

“þyþ™öìŸy¡ì#  !î!e«ëûyîû ¢!e«ëû„þîû˜ Ÿ!_«îû öœ…!‰þe ƒ

A  +  B

C  +  D

Ea

E

Reaction coordinate

Reactants

Products

!î!e«ëûyëû öŸy!¡ì“þ Ÿ!_«îû þ™!îû›y’
Δ E = E

!î!e«ëû„þ
 éôé E

!î!e«ëûy‹y“þ

Δ E  = –Ve

26. !“þöì˜îû x!•„þ xy’!î„þ“þy ¢Á™§¬ !î!e«ëûy ²Ìyëû „þ”y!‰þêÐ

vþz_îûéôôôé ö„þy˜ ~„þ!Ýþ îûy¢yëû!˜„þ !î!e«ëûy ¢Á™§¬ £çëûyîû ‹˜Ä !î!e«ëû„þ þ™”yöìíÅîû 
~„þ!Ýþ  ˜Ä%˜“þ› Ÿ!_« x‹Å˜ „þîûöì“þ £ëû ~î‚ ~£z ˜Ä%˜“þ› Ÿ!_«îû îÄ!“þöìîûöì… 
îûy¢yëû!˜„þ !î!e«ëûy!Ýþ ¢Á™§¬ £ëû ˜yÐ ~£z ˜Ä%˜“þ› Ÿ!_«öì„þ ú !î!e«ëûyîû ¢!e«ëû„þîû’ 
Ÿ!_« îöìœÐ ~£z ¢!e«ëû„þîû’ Ÿ!_« þ™yîûßþ™!îû„þ ¢‚‡öì¡ìÅîû šþöìœ x!‹Å“þ £ëûÐ !„þlsþ 
¢„þœ ¢‚‡öì¡ìÅ ~£z Ÿ!_« hßþöìîû ¢„þœ x’% vþz§¬#“þ £öì“þ þ™yöìîû ˜yÐ ¢‚‡¡ìÅ “þ_´ 
x˜%¢yöìîû ë…˜ x˜% =!œîû  ›öì•Ä „þyëÅ„þîû# ¢‚‡¡ìÅ ‡öìÝþ “þ…˜ ~£z Ÿ!_« hßþöìîû vþz§¬#“þ 
£ëûÐ ö„þy˜ ö›ï!œ„þ !î!e«ëûyëû xy’!î„þ“þy ë…˜ ”%£z ö¢£z ¢›ëû x’%=!œîû !î˜Äy¢ 
„þyëÅ„þîû# ¢‚‡öì¡ìÅîû x˜%„%þöìœ íyöì„þÐ ~£z „þyîûöì’ xy’!î„þ“þy ”%£z £öìœ ¢‚‡öì¡ìÅîû 
›y•Äöì› ¢!e«ëû„þîû’ Ÿ!_« x!‹Å“þ £çëûyîû ¢½þyî˜y íyöì„þÐ xy’!î„þ“þy ë…˜ !“þ˜ 
“þ…˜ „þyëÅ„þîû# ¢‚‡¡ìÅ £çëûyîû ¢½þyî˜y …%!î „þ› íyöì„þ ~î‚ !“þöì˜îû x!•„þ £öìœ 



„þyëÅ„þîû# ¢‚‡öì¡ìÅîû ¢½þyî˜y ~öì„þîyöìîû£z íy„þöìî ˜yÐ ~£z „þyîûöì’ !“þöì˜îû x!•„þ 
xy’!î„þ“þy ¢Á™§¬ !î!e«ëûy ²Ìyëû „þ”y!‰þêÐ

27. ~„þ!Ýþ ²Ìí› e«› !î!e«ëûyîû 60% ¢Á™)’Å £öì“þ ¢›ëû œyöì† 60 !›!˜ÝþÐ 
!î!e«ëûy!Ýþîû 50% ¢Á™)’Å £öì“þ „þ“þ ¢›ëû œy†öìîÚ

vþz_îûéôôôé ~…yöì˜ x=60%, a=100%, t= 60 !›!˜Ýþ– k =Ú
xy›îûy ‹y!˜–

2.303

2.303 100
60 100 60

2.303 100
60 40

K = log
log
log

a
t a x

K
K







îy 

îy  
îy K  = 0.01527min–1

xyîyîû
0.693

1/2

0.693
1/2 0.01527

Kt
t


îy 

îy t1/2 = 45.38 mins

28. ²Ì›y˜ „þîû ö„þy˜ ²Ìí› e«› !î!e«ëûyîû 99.9% ¢Á™)’Å £öì“þ x•Åyëû%îû ²Ìyëû 
”Ÿ =’ ¢›ëû œyöì†Ð

vþz_îûéôôôé
xy›îûy ‹y!˜

1/2

0.693
tK 

– öë…yöì˜ k = £yîû •Ê&î„þ
•!îû ²Ìí› e«› !î!e«ëûyîû 99.9% ¢Á™)’Å £öì“þ t ö¢öì„þuþ ¢›ëû œyöì†
¢%“þîûy‚

0.693
1/2

2.303

2.303 100
100 99.9

2.303 100
1/20.693 100 99.9

2.303 100
1/20.693 0.1

log
log

log
log

t

a
K a xt

t

t t
t t











 

 

îy 

îy 

îy 

2.303
1/20.693

1/2

1/2

1/2

log1000
3.323 3
9.969
10

t t
t t
t t
t t

 

  



îy 

îy 

îy 

îy 

29. ö„þy˜ ~„þ!Ýþ ²Ìí› e«› !î!e«ëûyîû x•Åyëû% 30 !›!˜ÝþÐ 120 !›!˜Ýþ þ™îû 
„þ“þ x‚Ÿ xî!ŸÜT íy„þöìîÚ

vþz_îûéôôôé ²Ìí› e«› !î!e«ëûyîû x•Åyëû% 30 !›!˜Ýþ

¢%“þîûy‚ x•Åyëû%îû ¢‚…Äy 120
30n   

îy n = 4

xy›îûy ‹y!˜ xî!ŸÜT þ™”yöìíÅîû þ™!îû›y’ = 
2n

ö›yÝþ þ™”yöíì Åîû  þ™!î›û y˜
 Type 

equation here.

4
1
2
1

16





30. ö„þy˜ ~„þ!Ýþ ²Ìí› e«› !î!e«ëûyîû x•Åyëû% 12 !›!˜ÝþÐ ~„þ ‡^ùÝþy þ™îû „þ“þ 
x‚Ÿ xî!ŸÜT íy„þöìîÚ

vþz_îûéôôôé ²Ìí› e«› !î!e«ëûyîû x•Åyëû% 12  !›!˜Ýþ
ö›yÝþ ¢›ëû = 1 ‡^ùÝþy = 60 !›!˜Ýþ

¢%“þîûy‚ x•Åyëû%îû ¢‚…Äy n = 60
12

îy  n = 5

xy›îûy ‹y!˜ xî!ŸÜT þ™”yöìíÅîû þ™!îû›y’ = 52
ö›yÝþ þ™”yöíì Åîû  þ™!î›û y˜

 .

5
1
2
1
32







31. ~„þ!Ýþ !î!e«ëûyîû vþz¡Œ“þy 300K öíöì„þ 310K „þîûöìœ !î!e«ëûyîû £yîû !m=’ 
£ëûÐ !î!e«ëûyîû ¢!e«ëû„þîû’ Ÿ!_«îû ›y˜ !˜’Åëû „þîûÐ

vþz_îûéôôôé K1 = r, T1 = 300K, K2 = 2r, T2 = 310K, R = 8.314 Jmol–1

xy›îûy ‹y!˜
2

1 1 2

1 1
2.303

2 1 1
2.303 8.314 300 310

(310 300)
2.303 8.314 300 310

10
2.303 8.314 300 310

1

1

log ( )

log ( )

log 2

0.301
0.301 2.303 8.314 300 31

53598.59

535.98

a

a

a

a

EK
K R T T

Er
r

E

E

a

a

a

E

E jmol

E Kjmol






  


  





 

 





    





32. ~„þ!Ýþ !î!e«ëûyîû vþz¡Œ“þy 20oC öíöì„þ î,!kþ öþ™öìëû 35oC „þîûöìœ !î!e«ëûyîû 
£yîû !m=’ £ëûÐ !î!e«ëûyîû ¢!e«ëû„þîû’ Ÿ!_«îû ›y˜  !˜’Åëû „þîûÐ

vþz_îûéôôôé K1 = r, T1 = (273 + 20)K = 2/3K,  K2 = 2r, T2 = (273 
+ 35)K = 208K, R = 8.314 Jmol–1

xy›îûy ‹y!˜
2

1 1 2

1 1
2.303

2 1 1
2.303 8.314 293 308

(308 293)
2.303 8.314 308 293

15
2.303 8.314 300 310

1

1

log ( )

log ( )

log 2

0.301
15 0.301 2.303 8.314 308 293

34673.48

34.673

a

a

a

a

EK
K R T T

Er
r

E

E

a

a

a

E

E jmol

E Kjmol






  


  





 

 





    





33. A + B– !î!e«ëûy!Ýþöì“þ Ö•% B ~îû ²Ìyí!›„þ †y‘þüc !m=˜ „þîûöìœ !î!e«ëûyîû 
£yîû !m=’ £ëûÐ A ç B vþz¦þöìëûîû †y‘þüc !m=’ „þîûöìœ !î!e«ëûyîû £yîû 8 =’ 
öîöìvþü ëyëûÐ !î!e«ëûyîû e«› !˜’Åëû „þîûÐ

vþz_îûéôôôé !î!e«ëûyîû £yîû r = K [A]x [B]y éôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéS1V
öë…yöì˜ x + y = !î!e«ëûyîû e«›
²Ìí› Ÿ“Åþy˜%¢yöìîû
2r = K [A]x [2B]yôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéS2V
!m“þ#ëû Ÿ“Åþy˜%¢yöìîû
8r = K [2A]x [2B]yééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôééôéS3V
S2V ˜Áºîû ¢›#„þîû’öì„þ S1V myîûy ¦þy† „þöìîû þ™y£z
S3V ˜Áºîû ¢›#„þîû’öì„þ S2V myîûy ¦þy† „þöìîû þ™y£z
4 = 2x

îy x = 2
xyîyîû S2V ˜Áºîû ¢›#„þîû’öì„þ   S1V myîûy ¦þy† „þöìîû þ™y£z
2 = 2y

îy Y = 1
!î!e«ëûyîû e«› = 2 + 1
= 3
¢%“þîûy‚ !î!e«ëûyîû £yîû !˜˜Åyëû„þ ¢›#„þîû’ = K[A]2[B]1

34. ‹œ#ëû oîöì’ H2O2 öîû !îöìëûy‹öì˜ !î!e«ëûyîû †!“þ !˜’Åöìëûîû ‹˜Ä !î!¦þ§¬ 
¢›ëû xsþf !˜!”ÅÜT xyëû“þöì˜îû oî˜ ²Ì›y˜ KMnO4 myîûy Ýþy£zöìÝþÆŸ˜ „þîûy £ëûÐ 
~îû*þ™ ~„þ!Ýþ þ™îû#Çþyîû šþœyšþœ ˜#öì‰þ ö”çëûy £œéôé

ö”…yç öë !îe«ëû!Ýþ ~„þ!Ýþ ²Ìí› e«öì›îû ~î‚ !î!e«ëûy!Ýþîû £yîû •Ê&îöì„þîû ›y˜ 
!˜’Åëû „þîûÐ

vþz_îûéôôôé •îûy ëy„þ !î!e«ëûy!Ýþ ²Ìí› e«öì›îûÐ



²Ìí› Ÿ“Åþ x˜%¢yöìîû 2.303 46.2
5 37.1logK   

K = 0.4606 log 1.245
K = 0.4606 × 0.095
K = 0.0437

!m“þ#ëû Ÿ“Åþ x˜%¢yöìîû 2.303 46.2
10 29.8logK 

K =  0.2303 × 0.1904
K =  0.0438

“,þ“þ#ëû Ÿ“Åþ x˜%¢yöìîû 2.303 46.2
20 19.6logK 

K = 0.11515 × 0.3723
K = 0.0428
öë ö£“%þ ²Ì!“þ öÇþöìe K ~îû ›y˜ ²Ìyëû 0.043
x“þ~î !î!e«ëûy!Ýþ ²Ìí› e«öì›îûÐ

MCQ

1. ~„þ!Ýþ !î!e«ëûyîû !î!e«ëûyéôé£yîû = K[H]nÐ pH– ~îû þ™!îûî“Åþ˜ 3 öíöì„þ 1 
£öìœ !î!e«ëûyîû £yîû 100 =˜ î,!kþ þ™yëûÐ !î!e«ëûyîû e«› £œéôé WBJEE–14

A) 2 B) 0
C) 1 D) 1.5

2.  xÁÔ myîûy x˜%‡!Ýþ“þ £zíy£zœ xÄy!¢öìÝþöìÝþîû xyoÅ!îöìÙÕ¡ì˜ ~ÞÝþyöìîûîû ¢yöìþ™öìÇþ 
~„þ e«öì›îû !î!e«ëûyÐ ú !î!e«ëûy!Ýþ ›yey!“þ!îû_« ~ÞÝþyöìîûîû vþzþ™!ßþi!“þöì“þ ‡Ýþyöìœ 
~ÞÝþyöìîûîû ¢yöìþ™öìÇþ !î!e«ëûyîû e«› £öìî– WBJEE–13

A) 2 B) 0
C) 1 D) 1.5

3. 27oC “þyþ™›yeyëû ~„þ!Ýþ !î!e«ëûyîû ¢!e«ëû„þîû˜ Ÿ!_« 600RÐ 327oC ç  
27oC “þyþ™›yeyëû !î!e«ëûy!Ýþîû öî† •Ê&î„þ=!œîû x˜%þ™y“þ £œéôéWBJEE–13

A) 2 B) 40
C) e D) e2

4.  ~„þ!Ýþ ²Ìí›e«› !î!e«ëûyîû 10% ¢Á™)’Å £öì“þ ¢›ëû œyöì† 20 minÐ !î!e«ëûy!Ýþîû 
19% ¢Á™)’Å £öì“þ ¢›ëû œy†öìîéôé WBJEE–09

A) 40 min B) 60 min
C) 30 min D) 50 min

5.  ~„þ!Ýþ !î!e«ëûyîû vþz¡Œ“þy 300K öíöì„þ 310K „þîûöìœ !î!e«ëûyîû £yîû !m=’ 
£ëûÐ !î!e«ëûy!Ýþîû ¢!e«ëû„þîû’ Ÿ!_«îû ›y˜ £œéôé S R = 8.314 JK–1.mol–1 
~î‚ log2 = 0.301 JEE–MAIN–13

A) 53.6 KJmol–1  B) 48.6 KJmol–1 
C) 58.5 kLmol–1  D) 60.5 KJmol–1 

6.  ²Ì!“þ 10oC vþz¡Œ“þy î,!kþöì“þ ö„þy˜ î!e«ëûyîû £yîû !m=’ £ëûÐ vþz¡Œ“þy 50oC 
î,!kþ „þîûy £öìœ !î!e«ëûyîû £yîû îy)þüöìî– AIJEE–11

A) 24 =’ B) 32 =’
C) 64 =’ D) 10 =’

7.  ö„þy˜ ~„þ!Ýþ Ÿ)˜Ä e«› !î!e«ëûyîû !î!e«ëûy £yîû ²Ì!“þ 100C vþz¡Œ“þy î,!kþöì“þ 
!m=’ £ëûÐ ë!” vþz¡Œ“þy 100C öíöì„þ 1000C ö“þ î,!kþ „þîûy £œÐ !î!e«ëûyîû 
î,!kþ þ™yöìî– AIPMT–12

A) 64 =’ B) 128 =’
C) 256 =’ D) 512 =’

8. ¢)ëÅyöìœyöì„þîû vþzþ™!ßþi!“þöì“þ H2(g) ç I2(g) !î!e«ëûy!Ýþéôôôé

A) Ö˜Äe«öì›îû  B) ²Ìí› e«öì›îû
C) !m“þ#ëû e«öì›îû D) “,þ“þ#ëû e«öì›îû

9. ¢%†yöìîûîû xyoÅ!îöìÙÕ¡ì’ !î!e«ëûy!Ýþéôôôé

A) Ö˜Äe«öì›îû  B) ²Ìí› e«öì›îû
C) !m“þ#ëû e«öì›îû D) “,þ“þ#ëû e«öì›îû

10. xÄy!¢öìvþîû vþzþ™!ßþi!“þöì“þ ~ÞÝþyöìîûîû xyoÅ!îöìÙÕ¡ì’ !î!e«ëûy!Ýþéþéôôôé

A) Ö˜Äe«öì›îû  B) ²Ìí› e«öì›îû
C) !m“þ#ëû e«öì›îû D) “,þ“þ#ëû e«öì›îû



11. Çþyîû myîûy ~ÞÝþyöìîûîû ¢yîy˜#¦þî˜ !î!e«ëûy!Ýþéôôôé

A) Ö˜Äe«öì›îû  B) ²Ìí› e«öì›îû
C) !m“þ#ëû e«öì›îû D) “,þ“þ#ëû e«öì›îû

12. ²Ìí› e«› !î!e«ëûyîû x•Åyëû%éôôôé

A) !î!e«ëûöì„þîû ²Ìyí!›„þ †y‘þüöìcîû ¢›y˜%þ™y!“þ„þ
B) !î!e«ëûöì„þîû ²Ìyí!›„þ †y‘þüöìcîû îÄhßþy˜%þ™y!“þ„þ
C) !î!e«ëûöì„þîû ²Ìyí!›„þ †y‘þüöìcîû vþzþ™îû !˜¦Åþîû „þöìîû ˜yÐ
D) vþzþ™öìîûîû ö„þy˜!Ýþ ˜ëû

13. !m“þ#ëûe«› !î!e«ëûyîû x•Åyëû%éôôôé

A) !î!e«ëûöì„þîû ²Ìyí!›„þ †y‘þüöìcîû ¢›y˜%þ™y!“þ„þ
B) !î!e«ëûöì„þîû ²Ìyí!›„þ †y‘þüöìcîû îÄhßþy˜%þ™y!“þ„þ
C) !î!e«ëûöì„þîû ²Ìyí!›„þ †y‘þüöìcîû vþzþ™îû !˜¦Åþîû „þöìîû ˜yÐ
D) vþzþ™öìîûîû ö„þy˜!Ýþ ˜ëû

14. öšþ˜öìœîû ˜y£zöìÝþÆŸöì˜ xöìíÅy ç þ™Äyîûy ˜y£zöìÝþÆy öšþ˜œ vþzêþ™§¬ £ëûÐ ~!Ýþ 
vþz”y£îû’ £œéôôôé

A) e«›y§ºëû# !î!e«ëûyîû vþz”y£îû’ B) Ÿ,Cœ !î!e«ëûyîû vþz”y£îû’
C) ¢›yhsþîûyœ !î!e«ëûyîû vþz”y£îû’ D) !îþ™îû#“þ›%…# !î!e«ëûyîû vþz”y£îû’

15. Ö˜Äe«› !î!e«ëûyîû £yîû •Ê&îöì„þîû ~„þ„þéôôôé
A) moleLit–1Sec–1 B) Sec–11
C) Mol–1Lit Sec–1 D) Mol–2Lit–11Sec–1

16. ~„þ!Ýþ ²Ìí› e«› !î!e«ëûyîû 75% öŸ¡ì £öì“þ 52 !›!˜Ýþ ¢›ëû œyöì†Ð !î!e«ëûyîû 
x•Åyëû%éôéVU–98

A) 26 !›!˜Ýþ B) 35 !›!˜Ýþ
C) 39 !›!˜Ýþ D) 30 !›!˜Ýþ

17. ~„þ!Ýþ ²Ìí› e«› !î!e«ëûyîû 75% ¢Á™)’Å £öì“þ ú !î!e«ëûyîû x•Åyëû%îû ²Ìyëûéôôôé

A) !m=’ ¢›ëû œy†öìî B) !“þ˜=˜ ¢›ëû œy†öìî
C) ‰þyîû=’ ¢›ëû œy†öìî D) ö„þy˜!Ýþ ˜ëû

18. ö„þy˜ !î!e«ëûyëû !îe«ëû„þ x’%=!œöì„þ ¢!e«ëû ç !î!e«ëûyëû x‚Ÿ@ùÌ£’ „þîûyöì˜yîû 
‹˜Ä öë ¢îÅ !˜Á¬ Ÿ!_«îû ²Ìöìëûy‹˜ £ëû “þyöì„þ îœy £ëûéôôôé

A) ¢!e«ëû„þîû’ Ÿ!_« B) îõþ˜ !îöìëûy‹˜ Ÿ!_«
C) !î!e«ëûyîû ~˜íÄyœ!þ™ D) ö„þy˜!Ýþ ˜ëû

19. A + 2B = C !î!e«ëûy!Ýþîû öÇþöìe ë!” A ~îû †y‘þüc !m=’ „þîûy £ëû “þöìî 
!î!e«ëûyîû £yîû £ëû !m=’Ð !î!e«ëûyîû £yîû £ëû ‰þyîû=’– ë…˜ A ç B vþz¦þöìëûîû£z 
†y‘þüc ‰þyîû=’ „þîûy £ëûÐ !î!e«ëûyîû e«› £œéôé WBJEE–15

A) 3 B) 0
C) 1 D) 2

20. Ÿ)˜Ä e«› !î!e«ëûyîû 100% ¢Á™)’Å £öì“þ ²Ìöìëûy‹˜#ëû ¢›ëûééôôôé
A) ak B) a/2k
C) a/k D) 2k

MCQ–Ans–

 1.(C) 2.(B) 3.(C) 4.(A) 5.(A) 6.(B) 7.(D) 8.(A) 9.(B) 10. SB) 
11. (B) 12.(C) 13.(B) 14.(C) 20. (C)



x÷ì‹î îû¢yëû˜

²Ìí› x•Äyëû

îûy¢yëû!˜„þ îõþ˜ SChemical BondingV

1. “þ!vþüê öëy‹Ä“þy „þyöì„þ îöìœÚ ¢y•yîû’ vþz¡Œ“þyëû “þ!vþüêöìëy‹# öëï†=!œ ~„þ„þ 
x’% !£öì¢öìî ˜y öíöì„þ ö„þœy¢y„þyîû îû*öìþ™ íyöì„þ ö„þ˜Ú

vþz_îûéôôôé !˜!Ü;þëû †Äyöì¢îû „þyàþyöì›y œyöì¦þîû ²Ìöì‰þÜTyëû ë…˜ ö„þy˜ þ™îû›y’% £zöìœ„þÝþÆ˜ 
î‹Å˜ „þöìîû •˜yd„þ xyëû˜ ~î‚ xþ™îû ~„þ!Ýþ þ™îû›y’% £zöìœ„þÝþÆ˜ @ùÌ£’ „þöìîû }’yd„þ 
xyëûöì˜ þ™!îû’“þ £öìëû “þ!vþüê xy„þ¡ìÅ’ îöìœîû myîûy ë%_« £öìëû öëï† †àþ˜ „þöìîû “þyöì„þ 
“þ!vþüê öëy‹Ä“þy îöìœÐ

“þ!vþüêöìëy‹# öëïöì† „þÄyÝþyëû˜ ~î‚ xÄy˜yëû˜ “þ#îÊ “þ!vþüê xy„þ¡ìÅ’ îœ myîûy ë%_« 
íy„þyîû šþöìœ xÒ xyëû“þöì˜ îý¢‚…Ä„þ xyëû˜ ~„þ ¢öìD ~„þ!Ýþ !î˜Äyöì¢ xyöìÝþy¢yöìÝþy 
xîßþiyëû íy„þyîû šþöìœ ‡˜c öîöìvþü ëyëû ëyîû šþöìœ “þ!vþüêöìëy‹# öëï†=!œ „þ!àþ˜ ç 
ö„þœy¢ xy„þyîû •yîû’ „þöìîûÐ ö„þœyöì¢ ~„þ!Ýþ „þÄyÝþyëû˜öì„þ !‡öìîû xöì˜„þ=!œ xÄy˜yëû˜ 
!e›y!e„þ “þöìœ !î˜Ähßþ íyöì„þ ö“þ›!˜ ~„þ!Ýþ xÄy˜yëû˜öì„þ !‡öìîû xöì˜„þ=!œ „þÄyÝþyëû˜ 
!e›y!e„þ “þöìœ !î˜Ähßþ íyöì„þÐ ö„þœyöì¢ ö„þy˜ „þÄyÝþyëû˜ ö„þy˜ !˜!”ÅÜT xÄy˜yëûöì˜îû 
¢öìD ë%_« íyöì„þ ˜yÐ šþöìœ “þ!vþüê öëy‹# öëï† ö„þy˜ !î!FŠé§¬ x’% †àþ˜ „þöìîû ˜yÐ

2. ˜#öì‰þîû öëï†=!œîû œ%£z¢ †àþ˜ öœ…Ð „þyîÅ˜ vþy£z x:y£zvþ– ö„Ïþyöìîûyšþ›Å– 
šþ¢šþîûy¢ öþ™˜Ýþy öì„Ïþyîûy£zvþÐ

vþz_îûéôôôé
C OO

  S„þyîÅ˜ vþy£z x:y£zvþV



CH Cl

Cl

Cl

PCl

Cl

Cl
Cl

Cl

 ö„Ïþyöìîûyšþ›Å šþ¢šþîûy¢  öþ™rÝþy öì„Ïþyîûy£zvþ

3. ¦þÄyöìœª îuþ “þ_´!Ýþ ¢‚öìÇþöìþ™ xyöìœy‰þ˜y „þîûÐ

vþz_îûéôôôé ¦þÄyöìœª îuþ “þ_´ x˜%¢yöìîû ö„þy˜ ö›ïöìœîû þ™îû›y’%îû ¢› öëy‹Ä“þy 
îÄy…Äy „þîûy ëyëûÐ öë ¢›hßþ ö›ïöìœîû þ™îû›y’%=!œîû öëy‹Ä“þy „þöìÇþ xë%@Â £zöìœ„þÝþÆ˜ 
î“Åþ›y˜ ö¢£z ¢›hßþ þ™îû›y’%=!œ ¢›öìëy‹# öëï† †àþ˜ „þöìîûÐ îûy¢yëû!˜„þ îõþ˜ 
„þyöìœ !î!¦þ§¬ ö›ïöìœîû þ™îû›y’%=!œ “þy¤öì”îû xë%@Â £zöìœ„þÝþÆ˜ !”öìëû îõþ˜ ö‹yvþü 
†àþ˜ „þöìîû þ™îûßþ™îû ë%_« £ëûÐ ~£z¦þyöìî xë%@Â £zöìœ„þÝþÆ˜ =!œ îõþ˜ ö‹yvþü †àþ˜ 
„þöìîû ¢›öìëy‹# öëï† vþzêþ™§¬ „þöìîûÐ ö„þy˜ þ™îû›y’%îû ¦)þ!›hßþöìîû xíîy vþzöì_!‹“þ 
xîßþiyëû öëy‹Ä“þy „þöìÇþ xë%@Â £zöìœ„þÝþÆöì˜îû ¢‚…Äy£z £œ ú þ™îû›y’%îû ¢›öìëy‹Ä“þyÐ

4. ¢›öìëy‹Ä“þy ç x¢›öìëy‹Ä“þyîû ¢‚Kþy ”yçÐ ~›˜ ~„þ!Ýþç öëïöì†îû vþz”y£îû’ 
”yç ëyîû ›öì•Ä ¢›öìëy‹#– x¢›öìëy‹# ~î‚ “þ!vþüêöìëy‹# îõþ˜ î“Åþ›y˜Ð

vþz_îûéôôôé~„þ£z ö›ïöìœîû þ™îû›y’% !„þ‚îy ”%£z îy “þöì“þy!•„þ !¦þ§¬ ö›ïöìœîû þ™îû›y’% 
!˜„þÝþ“þ› !˜!Ü;þëû †Äyöì¢îû £zöìœ„þÝþÆ˜ †àþ˜ „þyàþyöì›y œyöì¦þîû ²Ìöì‰þÜTyëû ë…˜ ¢›¢‚…Ä„þ 
£zöìœ„þÝþÆ˜ ”y˜ „þöìîû ~„þ îy ~„þy!•„þ £zöìœ„þÝþÆ˜ ë%†œ †àþ˜ „þöìîû ~î‚ vþz_« 
£zöìœ„þÝþÆ˜ ö‹yvþü îy ë%†œ ¢›y˜¦þyöìî îÄî£yîû „þöìîû îûy¢yëû!˜„þ¦þyöìî ë%_« £çëûyîû 
Çþ›“þy x‹Å˜ „þöìîû “þyöì„þ£z ¢›öìëy‹Ä“þy îöìœÐ

x¢›öìëy‹Ä“þyéôé îûy¢yëû!˜„þ îõþ˜ „þyöìœ ë…˜ ”%!Ýþ þ™îû›y’%îû ›öì•Ä ~„þ!Ýþ þ™îû›y’% 
£zöìœ„þÝþÆ̃  ö‹yvþü ”y˜ „þöìîû !„þlsþ vþz_« £zöìœ„þÝþÆ̃  ö‹yvþü ”%!Ýþ þ™îû›y’% ¢›y˜¦þyöìî îÄî£yîû 
„þöìîû îûy¢yëû!˜„þ¦þyöìî ë%_« £çëûyîû Çþ›“þy x‹Å˜ „þöìîû “þyöì„þ£z x¢›öìëy‹Ä“þy îöìœÐ

öë›˜ NH4Cl öëïöì† NH4
+ ç Cl– ›)œ„þ ”%!Ýþ “þ!vþüê xy„þ¡ìÅ’ îœ myîûy ë%_« 

£ëûÐ ¢%“þîûy‚ ~öÇþöìe NH4
+ ç Cl– ~îû ›öì•Ä “þ!vþüêöìëy‹# îõþ˜ ~î‚ NH4

+ 

xyëû˜ †àþöì˜ NH3 ~îû ~„þ!Ýþ x’% ~î‚ H+ xyëû˜ þ™îûßþ™îû x¢›öìëy‹# îõþöì˜ 

ë%_« £öìëûöìŠéÐ xyîyîû NH3 x’% †àþöì˜ ~„þ!Ýþ ˜y£zöìÝþÆyöì‹˜ þ™îû›y’%îû ¢öìD !“þ˜!Ýþ 
£y£zöìvÈþyöì‹˜ þ™îû›y’% ¢›öìëy‹# îõþöì˜ ë%_«Ð

5. ¢‚„þîûyëû˜ îœöì“þ „þ# öîyGþÚ

vþz_îûéôôôé ~„þ£z þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû xhsþ†Å“þ ²Ìyëû ¢› Ÿ!_« ¢Á™§¬ !î!¦þ§¬ 
…y¤!Ýþ „þÇþ„þ=!œ !›!×“þ £öìëû ¢›Ÿ!_« ¢Á™§¬ ¢›¢‚…Ä„þ £y£z!îÊvþ „þÇþ„þ=!œ 
vþzêþ™§¬ £ëûÐ ~£z¦þyöìî …y¤!Ýþ „þÇþ„þ=!œ !›!×“þ £öìëû ¢Bþîû „þÇþ„þ=!œ vþzêþ™§¬ 
£çëûyîû ²Ì!e«ëûyöì„þ ¢‚„þîûyëû˜ îöìœÐ

6. !¢†›y ç þ™y£z îõþ˜ îœöì“þ !„þ öîyGþÚ vþz£yöì”îû ›öì•Ä þ™yíÅ„þÄ öœ…Ð

vþz_îûéôôôé îûy¢yëû!˜„þ îõþ˜„þyöìœ ë…˜ ”%!Ýþ þ™yîû›y˜!î„þ „þÇþöì„þîû îy ¢Bþîû „þÇþöì„þîû 
›%öì…y›%!… x!¦þöìœþ™öì˜îû šþöìœ öë îõþöì˜îû ¢,!ÜT £ëû “þyöì„þ !¢†›y îõþ˜ îöìœÐ

îûy¢yëû!˜„þ ¢‚öìëy† „þyöìœ ë…˜ ”%!Ýþ P „þÇþöì„þîû !„þ‚îy ~„þ!Ýþ P „þÇþöì„þîû 
¢öìD d „þÇþöì„þîû þ™yŸyþ™y!Ÿ x!¦þöìœþ™öì˜îû šþöìœ öë ”%îÅœ îõþöì˜îû ¢,!ÜT £ëû “þyöì„þ 
þ™y£z îõþ˜ îöìœÐ

7. !˜Á¬!œ!…“þ x’%=!œîû ‹Äy!›!“þ„þ î’Å˜y „þîûÐ

CO2, BF3, CCl4, PCl5, SF6, IF7

vþz_îûéôôôé CO2 ~îû †àþ˜ ƒ
x!:öì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ ƒ 1S2 2Px

2 2Py
1 2Pz

1

2S 2Px 2Py 2Pz



¦)þ!›hßþöìîû „þyîÅöì˜îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ ƒ

2S 2Px 2Py 2Pz

vþzöì_!‹“þ xîßþiyëû „þyîÅöì˜îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢  ƒ

2S 2Px 2Py 2Pz

xyîyîû ²Ì!“þ!Ýþ x!:öì‹˜ þ™îû›y’% „þyîÅöì˜îû ¢öìD !mîõþ˜ †àþ˜ „þöìîûÐ ¢%“þîûy‚ 
„þyîÅ˜ vþy£z x:y£zvþ x’%îû „þyîÅ˜ þ™îû›y’%îû ²Ì!“þ!Ýþ x!:öì‹˜ þ™îû›y’%îû ¢öìD ~„þ!Ýþ 
!¢†›y ~î‚ ~„þ!Ýþ þ™y£z îõþöì˜ ë%_« íy„þöìîÐ x“þ~î „þyîÅ˜ vþy£z x:y£zvþ x’%îû 
„þyîÅ˜ þ™îû›y’%îû ¢‚„þîûyëû˜ xîßþiy SP ~î‚ ‹Äy!›!“þ„þ †àþ˜ ¢îûœ÷ìîû!…„þÐ

¢‚„þîûy!ëû“þ xîßþiyëû „þyîÅöì˜îû £zöìœ„þÝþÆ˜ !î˜Äy¢ ƒ

2Py 2PzSP

‹Äy!›!“þ„þ †àþ˜ ¢îûœ÷ìîû!…„þ

C OO

¢îûœ÷ìîû!…„þ
BF3 †àþ˜
¦)þ!›hßþöìîû šÏ$þ!îû˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢

2S 2Px 2Py 2Pz

 ¦)þ!›hßþöìîû öîyîû˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ ƒ

2S 2Px 2Py 2Pz

vþzöì_!‹“þ xîßþiyëû öîyîû˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ ƒ

2S 2Px 2Py 2Pz

öëöì£“%þ ²Ì!“þ!Ýþ šÏ$þ!îû˜ þ™îû›y’% öîyîûöì˜îû ¢öìD ¢›öìëy‹# ~„þîõþöì˜ xyîkþ “þy£z 
öîyîûöì˜îû ¢‚„þîûyëû˜ xîßþiy SP2

¢‚„þîûy!ëû“þ xîßþiyëû öîyîûöì˜îû £zöìœ„þÝþÆ˜ !î˜Äy¢ ƒ

2PzSP2

‹Äy!›!“þ„þ †àþ˜éôé !e„þ˜#ëû ¢›“þœ#ëû

B

F

F F

CCl~îû †àþ˜ ƒ
¦)þ!›hßþöìîû öì„Ïþy!îû˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢

3S 3Px 3Py 3Pz

¦)þ!›hßþöìîû „þyîÅ˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ ƒ



2S 2Px 2Py 2Pz

vþzöì_!‹“þ xîßþiyëû „þyîÅöì˜îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ ƒ

2S 2Px 2Py 2Pz

öëöì£“%þ ²Ì!“þ!Ýþ öì„Ïþy!îû˜ þ™îû›y’% „þyîÅöì˜îû ¢öìD ¢›öìëy‹# ~„þîõþöì˜ xyîkþ 
“þy£z „þyîÅöì˜îû ¢‚„þîûyëû˜ xîßþiy SP3

¢‚„þîûy!ëû“þ xîßþiyëû „þyîÅöì˜îû £zöìœ„þÝþÆ˜ !î˜Äy¢ ƒ

SP3

‹Äy!›!“þ„þ †àþ˜éôé ¢%¢›‰þ“%þhßþœ„þ#ëû

C

Cl

ClCl
Cl

PCl5 †àþ˜ ƒ
¦)þ!›hßþöìîû öì„Ïþy!îû˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢

3S 3Px 3Py 3Pz

¦)þ!›hßþöìîû šþ¢šþîûy¢ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ ƒ

3S 3Px 3Py 3Pz

vþzöì_!‹“þ xîßþiyëû šþ¢šþîûy¢ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ ƒ

3S 3Px 3Py 3Pz 3d

öëöì£“%þ ²Ì!“þ!Ýþ öì„Ïþy!îû˜ þ™îû›y’% šþ¢šþîûyöì¢îû ¢öìD ¢›öìëy‹# ~„þîõþöì˜ xyîkþ 
šþ¢šþîûyöì¢îû ¢‚„þîûyëû˜ xîßþiy sp3d

¢‚„þîûy!ëû“þ xîßþiyëû šþ¢šþîûyöì¢îû £zöìœ„þÝþÆ˜ !î˜Äy¢ ƒ

sp3d 3d

‹Äy!›!“þ„þ †àþ˜éôé !eöì„þy˜#ëû !m!þ™vþüy!›vþ#ëû

Cl

Cl

Cl

P

Cl

Cl

SF6 ~îû †àþ˜ ƒ
¦)þ!›hßþöìîû šÏ$þ!îû˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢

2S 2Py 2Pz2Px

¦)þ!›hßþöìîû ¢yœšþyîû þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ ƒ



3S 3Px 3Py 3Pz

vþzöì_!‹“þ xîßþiyëû ¢yœšþyîû þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ ƒ

3S 3Px 3Py 3Pz 3d

öëöì£“%þ ²Ì!“þ!Ýþ šÏ$þ!îû˜ þ™îû›y’% ¢yœšþyöìîûîû ¢öìD ¢›öìëy‹# ~„þîõþöì˜ xyîkþ
¢%“þîûy‚ ¢yœšþyöìîûîû ¢‚„þîûyëû˜ xîßþiy sp3d2

¢‚„þîûy!ëû“þ xîßþiyëû ¢yœšþyöìîûîû £zöìœ„þÝþÆ˜ !î˜Äy¢ ƒ

sp3d2 3d

‹Äy!›!“þ„þ †àþ˜éôé !eöì„þy˜#ëû !m!þ™vþüy!›vþ#ëû

F

F F

F
F

F

IF7ôé ~îû †àþ˜
¦)þ!›hßþöìîû šÏ$þ!îû˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢

2S 2Py 2Pz2Px

¦)þ!›hßþöìîû xyöìëûy!vþ˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ ƒ

5S 5P 5d

vþzöì_!‹“þ xîßþiyëû xyöìëûy!vþ˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ ƒ

5S 5P 5d

öëöì£“%þ ²Ì!“þ!Ýþ šÏ$þ!îû˜ þ™îû›y’% xyöìëûy!vþ˜ ¢öìD ¢›öìëy‹# ~„þîõþöì˜ xyîkþ “þy£z 
ö›yÝþ !¢†›y îõþöì˜îû ¢‚…Äy ¢y“þ!ÝþÐ ¢%“þîûy‚ xyöìëûy!vþöì˜îû ¢‚„þîûyëû˜ xîßþiy sp3d3

¢‚„þîûy!ëû“þ xîßþiyëû xyöìëûy!vþöì˜îû £zöìœ„þÝþÆ˜ !î˜Äy¢ ƒ

sp3d3 3d

‹Äy!›!“þ„þ †àþ˜éôé þ™Mþéöì„þy’#ëû  !m!þ™vþüy!›vþ#ëû

F

F
F

F

F

I

F

F

8. VSEPR “þ_´!Ýþ öœ…Ð

ö„þy˜ ¢›öìëy‹# x’%îû ‹Äy!›!“þ„þ †àþ˜ ç îõþ˜ ö„þy˜ ¢Á™öì„Åþ ¢%ßþ™ÜT •yîû’y 
ö”çëûyîû ‹˜Ä VSEPR “þ_´!Ýþîû xî“þîû’ £ëûÐ VSEPR “þ_´!Ýþîû þ™y¤‰þ!Ýþ ¢)e £œ

²Ìí› ¢%eéôéöì„þy˜ ¢›öìëy‹# öëï† x’%îû †àþ˜–xy„,þ!“þ vþz£yîû ö„þw#ëû þ™îû›y’%îû 
îõþ˜ ö‹yvþü ç !˜ƒ¢D ö‹yöìvþüîû ¢‚…Äyîû vþzþ™îû !˜¦Åþîû „þöìîûÐ !˜ƒ¢D £zöìœ„þÝþÆ˜ 



ö‹yvþü x˜%þ™!ßþi“þ £öìœ x’%îû †àþ˜ !˜ëû!›“þ £ëûÐ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü vþzþ™!ßþi“þ 
íy„þöìœ !î„,þ“þ †àþ˜ £ëûÐ x’%îû ‹Äy!›!“þ„þ †àþ˜ þ™y£z îõþöì˜îû vþzþ™îû !˜¦Åþîû „þöìîû ˜yÐ

!m“þ#ëû ¢)eéôé ö„þw#ëû þ™îû›y’%îû vþzþ™îû !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yöìvþüîû !î„þ¡ìÅ’ îöìœîû 
vþzþ™îû !î„,þ!“þ !˜¦þÅîû „þöìîûÐ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yöìvþüîû ›öì•Ä þ™îûßþ™îû !î„þ¡ìÅ’ 
îœ– !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü ç îõþ˜ £zöìœ„þÝþÆ˜ ö‹yvþü !î„þ¡ìÅ’ îœ ~î‚ îõþ˜ 
£zöìœ„þÝþÆ˜ ö‹yvþüéôéîõþ˜ £zöìœ„þÝþÆ˜ ö‹yöìvþüîû !î„þ¡ìÅ’ îöìœîû “%þœ˜y öî!ŸÐ

!î„þ¡ìÅ’ îöìœîû e«›

ö„þy˜ ¢›öìëy‹# x’%îû ‹Äy!›!“þ„þ †àþ˜ ç îõþ˜ ö„þy˜ ¢Á™öì„Åþ ¢%ßþ™ÜT •yîû’y 
ö”çëûyîû ‹˜Ä VSEPR “þ_´!Ýþîû xî“þîû’ £ëûÐ VSEPR “þ_´!Ýþîû þ™y¤‰þ!Ýþ ¢)e £œ

²Ìí› ¢%eéôéöì„þy˜ ¢›öìëy‹# öëï† x’%îû †àþ˜– xy„,þ!“þ vþz£yîû ö„þw#ëû þ™îû›y’%îû 
îõþ˜ ö‹yvþü ç !˜ƒ¢D ö‹yöìvþüîû ¢‚…Äyîû vþzþ™îû !˜¦Åþîû „þöìîûÐ !˜ƒ¢D £zöìœ„þÝþÆ˜ 
ö‹yvþü x˜%þ™!ßþi“þ £öìœ x’%îû †àþ˜ !˜ëû!›“þ £ëûÐ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü vþzþ™!ßþi“þ 
íy„þöìœ !î„,þ“þ †àþ˜ £ëûÐ x’%îû ‹Äy!›!“þ„þ †àþ˜ þ™y£z îõþöì˜îû vþzþ™îû !˜¦Åþîû „þöìîû ˜yÐ

!m“þ#ëû ¢)eéôé ö„þw#ëû þ™îû›y’%îû vþzþ™îû !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yöìvþüîû !î„þ¡ìÅ’ îöìœîû 
vþzþ™îû x’%îû ¢%¡ì› xy„,þ!“þ öíöì„þ !î„,þ!“þ !˜¦þîû „þöìîûÐ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yöìvþüîû 
›öì•Ä þ™îûßþ™îû !î„þ¡ìÅ’ îœ– !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü ç îõþ˜ £zöìœ„þÝþÆ˜ ö‹yvþü 
!î„þ¡ìÅ’ îœ ~î‚ îõþ˜ £zöìœ„þÝþÆ˜ ö‹yvþüéôéîõþ˜ £zöìœ„þÝþÆ˜ ö‹yöìvþüîû !î„þ¡ìÅ’ îöìœîû 
“%þœ˜y öî!ŸÐ

!î„þ¡ìÅ’ îöìœîû e«›

!˜ƒîõþ˜ £zöìœ„þÝþÆ̃  ö‹yvþüéôé¢D £zöìœ„þÝþÆ̃  ö‹yvþüéôé!˜ƒ¢D £zöìœ„þÝþÆ̃  ö‹yvþü Slp–lpV 
> !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþüéôéîõþ˜ £zöìœ„þÝþÆ˜ ö‹yvþü Slp–bpV > îõþ˜ £zöìœ„þÝþÆ˜ 
ö‹yvþüéôéîõþ˜ £zöìœ„þÝþÆ˜ ö‹yvþü Sbp–bpV

“,þ“þ#ëû ¢)eéôé !“þ˜ îy !“þöì˜îû x!•„þ ¢‚…Ä„þ þ™îû›y’% myîûy †!àþ“þ x’%îû ö„þw#ëû 
þ™îû›y’%îû “þ!vþüê }’yd„þ“þy ›yöì˜îû î,!kþîû ¢öìD ö„þyöì’îû ›y˜ î,!kþ þ™yëûÐ xþ™îû 
þ™öìÇþ ²Ìyhsþ#ëû þ™îû›y’%îû “þ!vþüê }’yd„þ“þy î,!kþîû ¢öìD ö„þyöì’îû ›y˜ £Éy¢ þ™yëûÐ

‰þ“%þíÅ ¢)eéôéîõþ˜ e«› î,!kþîû ¢öìD îõþ˜ ö‹yöìvþüîû !î„þ¡ìÅ’ îœ î,!kþ þ™yëû xíÅyê 
”%!Ýþ îý îõþöì˜îû ›öì•Ä !î„þ¡ìÅ’ îœ ~„þ!Ýþ îý îõþ˜ ç ~„þ!Ýþ ~„þ îõþöì˜îû “%þœ˜yëû 
x!•„þ !e«ëûyŸ#œÐ

þ™Mþé› ¢)eéôéö„þw#ëû þ™îû›y’%îû öëy‹Ä“þy „þöìÇþ š¤þy„þy „þÇþöì„þîû ¢‚…Äy î,!kþîû ¢öìD 
!˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yöìvþüîû !î„þ¡ìÅ’ îœ î,!kþ þ™yëûÐ

9. VSEPR “þ_´ x˜%¢yöìîû !˜Á¬!œ!…“þ x’%=!œîû †àþ˜ öœ…Ð

H2O, NH3, NF3, COCl2, POCl3 SOCl2, ClF3, IF5, XeF2, XeF4, XeF6

vþz_îûéôôôé H2O ~îû †àþ˜ ƒ
x!:öì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ 2S22P4

£y£zöìvÈþyöì‹öì˜îû £zöìœ„þÝþÆ˜ !î˜Äy¢ – 1S1

¢%“þîûy‚ x!:öì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû 6!Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# 
~„þîõþöì˜ ë%_« ”%!Ýþ £y£zöìvÈþyöì‹˜ þ™îû›y’%îû ”%!Ýþ £zöìœ„þÝþÆ˜

= 8 !Ýþ £zöìœ„þÝþÆ˜
= 4 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 2 !Ýþ îõþ˜ ö‹yvþü + 2 !Ýþ ö‹yvþüéôé!˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
= 2 !Ýþ !¢†›y îõþ˜ + 2 !Ýþ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
 SP3

¢%“þîûy‚ ‹Äy!›!“þ„þ †àþ˜ Véôéxy„,þ!“þîû

O
HH

NH3 ~îû †àþ˜ ƒ
˜y£zöìÝþÆyöì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ 2S22P3

£y£zöìvÈþyöì‹öì˜îû £zöìœ„þÝþÆ˜ !î˜Äy¢ – 1S1

¢%“þîûy‚ ˜y£zöìÝþÆyöì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû 5!Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# 
~„þîõþöì˜ ë%_« !“þ˜!Ýþ £y£zöìvÈþyöì‹˜ þ™îû›y’%îû !“þ˜!Ýþ £zöìœ„þÝþÆ˜

= 8 !Ýþ £zöìœ„þÝþÆ˜
= 4 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 3 !Ýþ îõþ˜ ö‹yvþü + 1!Ýþ ö‹yvþüéôé!˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
= 3 !Ýþ !¢†›y îõþ˜ + 1!Ýþ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
 SP3

¢%“þîûy‚ ‹Äy!›!“þ„þ †àþ˜ !þ™îûy!›vþ xy„,þ!“þîû



N
HH H

NF3 ~îû †àþ˜ ƒ
˜y£zöìÝþÆyöì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ 2S22P3

šÏ$þ!îû˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ – 2S22P5

¢%“þîûy‚ ˜y£zöìÝþÆyöì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû 5!Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# 
~„þîõþöì˜ ë%_« !“þ˜!Ýþ šÏ$þ!îû˜ þ™îû›y’%îû !“þ˜!Ýþ £zöìœ„þÝþÆ˜

= 8 !Ýþ £zöìœ„þÝþÆ˜
= 4 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 3 !Ýþ îõþ˜ ö‹yvþü + 1!Ýþ ö‹yvþüéôé!˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
= 3 !Ýþ !¢†›y îõþ˜ +1!Ýþ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
 SP3

¢%“þîûy‚ ‹Äy!›!“þ„þ †àþ˜ !þ™îûy!›vþ xy„,þ!“þîû

N
FF F

COCl2 ~îû †àþ˜ ƒ
„þyîÅ˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ 2S22P2

öì„Ïþy!îû˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ –3S23P5

x!:öì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé2S22P4

¢%“þîûy‚ „þyîÅ˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû 4!Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# ~„þîõþöì˜ 
ë%_« ”%!Ýþ öì„Ïþy!îû˜ þ™îû›y’%îû ”%!Ýþ £zöìœ„þÝþÆ˜ + !mîõþöì˜ ë%_« ~„þ!Ýþ x!:öì‹˜ 
þ™îû›y’%îû ”%!Ýþ £zöìœ„þÝþÆ˜

= 8 !Ýþ £zöìœ„þÝþÆ˜
= 4 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 4 !Ýþ îõþ˜ ö‹yvþü
= 3 !Ýþ !¢†›y îõþ˜ + 1 !Ýþ þ™y£z îõþ˜

 SP2 [öëöì£“%þ ‹Äy!›!“þ„þ †àþöì˜ þ™y£z îõþöì˜îû ö„þy˜ ¦)þ!›„þy ö˜£z]
¢%“þîûy‚ ‹Äy!›!“þ„þ †àþ˜ !eöì„þy˜#ëû ¢›“þœ#ëû

C

O

ClCl

POCl3 ~îû †àþ˜ ƒ
šþ¢šþîûy¢ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ 3S23P3

öì„Ïþy!îû˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ –3S23P5

x!:öì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé 2S22P4

¢%“þîûy‚ šþ¢šþîûy¢ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû 5!Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# 
~„þîõþöì˜ ë%_« !“þ˜!Ýþ öì„Ïþy!îû˜ þ™îû›y’%îû !“þ˜!Ýþ  £zöìœ„þÝþÆ˜ + !mîõþöì˜ ë%_« ~„þ!Ýþ 
x!:öì‹˜ þ™îû›y’%îû ”%!Ýþ £zöìœ„þÝþÆ˜

= 10 !Ýþ £zöìœ„þÝþÆ˜
= 5 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 5 !Ýþ îõþ˜ ö‹yvþü
= 4 !Ýþ !¢†›y îõþ˜ + 1 !Ýþ þ™y£z îõþ˜
 SP3 [öëöì£“%þ ‹Äy!›!“þ„þ †àþöì˜ þ™y£z îõþöì˜îû ö„þy˜ ¦)þ!›„þy ö˜£z]
¢%“þîûy‚ ‹Äy!›!“þ„þ †àþ˜ ‰þ“%þhßþœ„þ#ëû

P

O

Cl ClCl

SOCl2 ~îû †àþ˜ ƒ
¢yœšþyîû  þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé3S23P4

öì„Ïþy!îû˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ –3S23P5

x!:öì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé 2S22P4

¢%“þîûy‚ ¢yœšþyîû þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû 6 !Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# 
~„þîõþöì˜ ë%_« ”%!Ýþ öì„Ïþy!îû˜ þ™îû›y’%îû ”%!Ýþ  £zöìœ„þÝþÆ˜ + !mîõþöì˜ ë%_« ~„þ!Ýþ 
x!:öì‹˜ þ™îû›y’%îû ”%!Ýþ £zöìœ„þÝþÆ˜



= 10 !Ýþ £zöìœ„þÝþÆ˜
= 5 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 4 !Ýþ îõþ˜ ö‹yvþü + 1 !Ýþ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
= 3 !Ýþ !¢†›y îõþ˜ + 1 !Ýþ þ™y£z îõþ˜ + 1 !Ýþ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
 SP3 [öëöì£“%þ ‹Äy!›!“þ„þ †àþöì˜ þ™y£z îõþöì˜îû ö„þy˜ ¦)þ!›„þy ö˜£z]
¢%“þîûy‚ ‹Äy!›!“þ„þ †àþ˜ !þ™îûy!›vþ xy„,þ!“þ

S
Cl Cl

O

ClF3 ~îû †àþ˜ ƒ
öì„Ïþy!îû˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ – 3S23P5
šÏ$þ!îû˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé 2S22P5
¢%“þîûy‚ öì„Ïþy!îû̃  þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû ó !Ýþ £zöìœ„þÝþÆ̃  + ¢›öìëy‹# ~„þîõþöì̃  

ë%_« !“þ˜!Ýþ šÏ$þ!îû˜ þ™îû›y’%îû !“þ˜!Ýþ  £zöìœ„þÝþÆ˜
= 10 !Ýþ £zöìœ„þÝþÆ˜
= 5 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 3 !Ýþ îõþ˜ ö‹yvþü + 2 !Ýþ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
= 3 !Ýþ !¢†›y îõþ˜ + 2 !Ýþ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
 SP3d
¢%“þîûy‚ ‹Äy!›!“þ„þ †àþ˜ Tôé xy„,þ!“þ

Cl

F

F

F

IF5 ~îû †àþ˜ ƒ
xyöìëûy!vþ˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢– 5S25P5

šÏ$þ!îû˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé 2S22P5

¢%“þîûy‚ öì„Ïþy!îû̃  þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû ó !Ýþ £zöìœ„þÝþÆ̃  + ¢›öìëy‹# ~„þîõþöì̃  
ë%_« þ™y¤‰þ!Ýþ šÏ$þ!îû˜ þ™îû›y’%îû þ™y¤‰þ!Ýþ £zöìœ„þÝþÆ˜

= 12 !Ýþ £zöìœ„þÝþÆ˜
= 6 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 5 !Ýþ îõþ˜ ö‹yvþü + 1 !Ýþ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
= 5 !Ýþ !¢†›y îõþ˜ + 1 !Ýþ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
 SP3d2

¢%“þîûy‚ ‹Äy!›!“þ„þ †àþ˜ î†Åy„þyîû !þ™îûy!›vþ xy„,þ!“þ

F

F F

F
I

F

XeF2 ~îû †àþ˜ ƒ
Xe þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢– 5S25P6

šÏ$þ!îû˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé 2S22P5

¢%“þîûy‚ Xe þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû 8 !Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# ~„þîõþöì˜ 
ë%_« 2 šÏ$þ!îû˜ þ™îû›y’%îû 2 !Ýþ £zöìœ„þÝþÆ˜

= 10 !Ýþ £zöìœ„þÝþÆ˜
= 5 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 2 !Ýþ îõþ˜ ö‹yvþü + 3 !Ýþ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
= 2 !Ýþ !¢†›y îõþ˜ + 3 !Ýþ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
 SP3d
¢%“þîûy‚ ‹Äy!›!“þ„þ †àþ˜ ¢îûœ÷ìîû!…„þ

Xe

F

F

XeF4 ~îû †àþ˜ ƒ
Xe þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢– 5S25P6



šÏ$þ!îû˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé 2S22P5

¢%“þîûy‚ Xe þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû 8 !Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# ~„þîõþöì˜ 
ë%_« 4 šÏ$þ!îû˜ þ™îû›y’%îû 4 !Ýþ £zöìœ„þÝþÆ˜

= 12 !Ýþ £zöìœ„þÝþÆ˜
= 6 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 2 !Ýþ îõþ˜ ö‹yvþü + 3 !Ýþ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
= 4 !Ýþ !¢†›y îõþ˜ + 2 !Ýþ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
 SP3d2

¢%“þîûy‚ ‹Äy!›!“þ„þ †àþ˜ î†Åy„þyîû ¢›“þœ#ëû

F

F F

F

Xe

XeF6 ~îû †àþ˜ ƒ
Xe þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢– 5S25P6

šÏ$þ!îû˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé 2S22P5

¢%“þîûy‚ Xe þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû 8 !Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# ~„þîõþöì˜ 
ë%_« 6 šÏ$þ!îû˜ þ™îû›y’%îû 6 !Ýþ £zöìœ„þÝþÆ˜

= 14 !Ýþ £zöìœ„þÝþÆ˜
= 7 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 6 !Ýþ îõþ˜ ö‹yvþü + 1 !Ýþ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
= 6 !Ýþ !¢†›y îõþ˜ + 1 !Ýþ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
 SP3d3

¢%“þîûy‚ ‹Äy!›!“þ„þ †àþ˜ !î„,þ!“þ †àþ˜

F

F
F

F

Xe

F

F

10. !˜Á¬!œ!…“þ xyëû˜=!œîû ‹Äy!›!“þ„þ †àþ˜ î’Å˜y „þîûÐ

CO3
2–, SO4

2–, PO4
3–, ClO4

–, NO3
–, NO2

–, NO2
+, NH4

+, BH4
–

vþz_îûéôôôé
CO3

2ôé ~îû †àþ˜ ƒ
„þyîÅ˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé2S22P2

1 !Ýþ x!:öì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé 2S22P4

¢%“þîûy‚ „þyîÅ˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû 4 !Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# !mîõþöì˜ 
ë%_« 1 !Ýþ x!:öì‹˜ þ™îû›y’%îû ”%!Ýþ  £zöìœ„þÝþÆ˜ + ¢›öìëy‹# ~„þîõþöì˜ ë%_« 2 !Ýþ  
Oéôé xyëûöì˜îû ”%!Ýþ £zöìœ„þÝþÆ˜

= 8 !Ýþ £zöìœ„þÝþÆ˜
= 4 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 4 !Ýþ îõþ˜ ö‹yvþü
= 3 !Ýþ !¢†›y + 1 !Ýþ þ™y£z îõþ˜
 SP2

‹Äy!›!“þ„þ †àþ˜– !eöì„þy˜#ëû ¢›“þœ#ëû

C

O

-O O-

SO4
2éôé ~îû †àþ˜ ƒ

¢yœšþyîû þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé3S23P4

1 !Ýþ x!:öì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé 2S22P4

¢%“þîûy‚ ¢yœšþyîû þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû 6 !Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# 
!mîõþöì˜ ë%_« 2 !Ýþ x!:öì‹˜ þ™îû›y’%îû 4 !Ýþ  £zöìœ„þÝþÆ˜ + ¢›öìëy‹# ~„þîõþöì˜ 
ë%_« 2 !Ýþ Oéôé xyëûöì˜îû ”%!Ýþ £zöìœ„þÝþÆ˜

= 12 !Ýþ £zöìœ„þÝþÆ˜
= 6 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 6 !Ýþ îõþ˜ ö‹yvþü
= 4 !Ýþ !¢†›y + 2 !Ýþ þ™y£z îõþ˜
 SP3 [öëöì£“%þ ‹Äy!›!“þ„þ †àþöì˜ þ™y£z îõþöì˜îû ¦)þ!›„þy ö˜£z]



‹Äy!›!“þ„þ †àþ˜ ¢%¡ì› ‰þ“%þhßþÍñ#ëû

S

O

O

-O O-

PO4
3– ~îû †àþ˜ ƒ

šþ¢šþîûy¢ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé3S23P3

x!:öì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé 2S22P4

¢%“þîûy‚ šþ¢šþîûy¢ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû 5 !Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# 
!mîõþöì˜ ë%_« 1 !Ýþ x!:öì‹˜ þ™îû›y’%îû 2 !Ýþ  £zöìœ„þÝþÆ˜ + ¢›öìëy‹# ~„þîõþöì˜ 
ë%_« 3 !Ýþ O– xyëûöì˜îû 3 !Ýþ £zöìœ„þÝþÆ˜

= 10 !Ýþ £zöìœ„þÝþÆ˜
= 5 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 5 !Ýþ îõþ˜ ö‹yvþü
= 4 !Ýþ !¢†›y + 1 !Ýþ þ™y£z îõþ˜
 SP3 [öëöì£“%þ ‹Äy!›!“þ„þ †àþöì˜ þ™y£z îõþöì˜îû ¦)þ!›„þy ö˜£z]
‹Äy!›!“þ„þ †àþ˜ ¢%¡ì› ‰þ“%þhßþÍñ#ëû

P

O-

O

-O O-

ClO4
– ~îû †àþ˜ ƒ

öì„Ïþy!îû˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé3S23P5

x!:öì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé 2S22P4

¢%“þîûy‚ öì„Ïþy!îû˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû 7 !Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# !mîõþöì˜ 
ë%_« 3 !Ýþ x!:öì‹˜ þ™îû›y’%îû 6 !Ýþ  £zöìœ„þÝþÆ˜ + ¢›öìëy‹# ~„þîõþöì˜ ë%_« 1!Ýþ  
O– xyëûöì˜îû 1 !Ýþ £zöìœ„þÝþÆ˜

= 14 !Ýþ £zöìœ„þÝþÆ˜

= 7 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 7 !Ýþ îõþ˜ ö‹yvþü
= 4 !Ýþ !¢†›y + 3 !Ýþ þ™y£z îõþ˜
 SP3 [öëöì£“%þ ‹Äy!›!“þ„þ †àþöì˜ þ™y£z îõþöì˜îû ¦)þ!›„þy ö˜£z]
‹Äy!›!“þ„þ †àþ˜ ¢%¡ì› ‰þ“%þhßþÍñ#ëû

Cl

O-

O

O O

NO3
– ~îû †àþ˜ ƒ

˜y£zöìÝþÆyöì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé2S22P3

x!:öì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé 2S22P4

¢%“þîûy‚ ˜y£zöìÝþÆyöì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû 5 !Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# 
!mîõþöì˜ ë%_« 1 !Ýþ x!:öì‹˜ þ™îû›y’%îû 2 !Ýþ  £zöìœ„þÝþÆ˜ + ¢›öìëy‹# ~„þîõþöì˜ 
ë%_« 1!Ýþ O– xyëûöì˜îû 1 !Ýþ £zöìœ„þÝþÆ˜ + x¢›öìëy‹# îõþöì˜ ë%_« ~„þ!Ýþ x!:öì‹˜ 
þ™îû›y’%îû Ÿ)˜Ä £zöìœ„þÝþÆ˜

= 8 !Ýþ £zöìœ„þÝþÆ˜
= 4 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 4 !Ýþ îõþ˜ ö‹yvþü
= 3 !Ýþ !¢†›y îõþ˜ + 1 !Ýþ þ™y£z îõþ˜
 SP2 [öëöì£“%þ ‹Äy!›!“þ„þ †àþöì˜ þ™y£z îõþöì˜îû ¦)þ!›„þy ö˜£z]
‹Äy!›!“þ„þ †àþ˜– !eöì„þy˜#ëû ¢›“þœ#ëû

O

O O

N
-

NO2
– ~îû †àþ˜éôé

˜y£zöìÝþÆyöì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé2S22P3

x!:öì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé 2S22P4



¢%“þîûy‚ ˜y£zöìÝþÆyöì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû 5 !Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# 
!mîõþöì˜ ë%_« 1 !Ýþ x!:öì‹˜ þ™îû›y’%îû 2 !Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# ~„þîõþöì˜ 
ë%_« 1!Ýþ O– xyëûöì˜îû 1 !Ýþ £zöìœ„þÝþÆ˜

= 8 !Ýþ £zöìœ„þÝþÆ˜
= 4 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 3 !Ýþ îõþ˜ ö‹yvþü + 1 !Ýþ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
= 2 !Ýþ !¢†›y îõþ˜ + 1 !Ýþ þ™y£z îõþ˜ + 1 !Ýþ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
 SP2 [öëöì£“%þ ‹Äy!›!“þ„þ †àþöì˜ þ™y£z îõþöì˜îû ¦)þ!›„þy ö˜£z]
‹Äy!›!“þ„þ †àþ˜ éôé ö„þï!’„þ †àþ˜

O O

N
-

NO2
+ ~îû †àþ˜éôé

˜y£zöìÝþÆyöì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé2S22P3

x!:öì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé 2S22P4

¢%“þîûy‚ ˜y£zöìÝþÆyöì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû 5 !Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# 
!mîõþöì˜ ë%_« 2!Ýþ x!:öì‹˜ þ™îû›y’%îû 4!Ýþ £zöìœ„þÝþÆ˜ éôé ˜y£zöìÝþÆyöì‹öì˜îû vþzþ™îû 
~„þ!Ýþ •˜yd„þ xy•y˜ íy„þyîû ‹˜Ä

= 8 !Ýþ £zöìœ„þÝþÆ˜
= 4 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 4 !Ýþ îõþ˜ ö‹yvþü
= 2 !Ýþ !¢†›y îõþ˜ + 2 !Ýþ þ™y£z îõþ˜
 SP [öëöì£“%þ ‹Äy!›!“þ„þ †àþöì˜ þ™y£z îõþöì˜îû ¦)þ!›„þy ö˜£z]
‹Äy!›!“þ„þ †àþ˜– ¢îûœ÷ìîû!…„þ

N OO
+

NH4
+ ~îû †àþ˜ ƒ

˜y£zöìÝþÆyöì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé2S22P3

£y£zöìvÈþyöì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé1S1

¢%“þîûy‚ NH4
+ xyëûöì˜ ˜y£zöìÝþÆyöì‹öì˜îû öëy‹Ä“þy „þöìÇþ ˜y£zöìÝþÆyöì‹öì˜îû ‰þyîûþ™yöìŸ 

ö›yÝþ £zöìœ„þÝþÆ˜ ¢‚…Äy £œ ˜y£zöìÝþÆyöì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû 5!Ýþ £zöìœ„þÝþÆ˜ 
+ ¢›öìëy‹# ~„þîõþöì˜ ë%_« ‰þyîû!Ýþ £y£zöìvÈþyöì‹˜ þ™îû›y’%îû 4!Ýþ £zöìœ„þÝþÆ˜ éôé 
˜y£zöìÝþÆyöì‹öì˜îû vþzþ™îû ~„þ!Ýþ •˜yd„þ xy•y˜ íy„þyîû ‹˜Ä ~„þ!Ýþ £zöìœ„þÝþÆ˜

= 8 !Ýþ £zöìœ„þÝþÆ˜
= 4 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 4 !Ýþ îõþ˜ ö‹yvþü
= 4 !Ýþ !¢†›y îõþ˜
‹Äy!›!“þ„þ †àþ˜– ¢%¡ì› ‰þ“%þhßþÍñ#ëû

N

H

H
H

H[ ]+

BH4
– ~îû †àþ˜ ƒ

öîyîû˜  þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé2S22P1

£y£zöìvÈþyöì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé1S1

¢%“þîûy‚ BH4
– xyëûöì̃  öîyîûöì̃  öëy‹Ä“þy „þöìÇþ öîyîûöì̃  ‰þyîûþ™yöìŸ ö›yÝþ £zöìœ„þÝþÆ̃  

¢‚…Äy £œ öîyîû˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþöìyîû 3 !Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# 
~„þîõþöì˜ ë%_« ‰þyîû!Ýþ £y£zöìvÈþyöì‹˜ þ™îû›y’%îû 4 !Ýþ £zöìœ„þÝþÆ˜ + öîyîûöì˜îû vþzþ™îû 
~„þ!Ýþ }’yd„þ xy•y˜ íy„þyîû ‹˜Ä ~„þ!Ýþ £zöìœ„þÝþÆ˜

= 8 !Ýþ £zöìœ„þÝþÆ˜
= 4 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 4 !Ýþ îõþ˜ ö‹yvþü
= 4 !Ýþ !¢†›y îõþ˜
‹Äy!›!“þ„þ †àþ˜– ¢%¡ì› ‰þ“%þhßþÍñ#ëû



B

H

H
H

H[ ]-

11. !˜Á¬!œ!…“þ x’%=!œîû îõþ˜ ö„þyöì˜îû î,!kþîû e«› îÄy…Äy „þîûÐ F2O(102o), 
H2O(104.5o), Cl2O(111O)

vþz_îûéôôôé F2O, H2O, Cl2O x’% !“þ˜!Ýþîû ö„þw#ëû þ™îû›y’% x!:öì‹˜ ëyîû vþzþ™îû 
”%£zöì‹yvþüy „þöìîû !˜ƒ¢D £zöìœ„þÝþÆ˜ ‹vþü î“Åþ›y’ ~î‚ ²Ìyhsþ#ëû þ™îû›y’% ëíye«öì› F, 
H, Cl ö¢£z !£öì¢öìî îõþ˜ ö„þyöì’îû î,!kþîû e«› £çëûy vþz!‰þ“þ !Šéœ F2O < Cl2O 
< H2OÐ !„þlsþ ²Ì„,þ“þþ™öìÇþ îõþ˜e«› F2O(102o), H2O(104.5o), Cl2O (1110VÐ 
£z£yîû „þyîû’ £y£zöìvÈþyöì‹˜ ç šÏ$þ!îû˜ þ™îû›y’%îû ö„þy˜ š¤þy„þy d vþzþ™„þÇþ ö˜£z šþöìœ 
x!:öì‹˜ þ™îû›y’%îû ¢öìD þ™yŸyþ™y!Ÿ x!¦þöìœþ™öì˜îû ›y•Äöì› þ™y£z îõþ˜ †àþ˜ „þîûöì“þ 
þ™yöìîû ˜y xþ™îû þ™öìÇþ ‰þœ!îû˜ þ™îû›y’%îû d vþzþ™„þÇþ …y!œ íy„þyëû x!:öì‹˜ þ™îû›y’%îû 
¢öìD þ™yŸyþ™y!Ÿ x!¦þöìœþ™’~îû ›y•Äöì› þ™y£z îõþ˜ †àþ˜ „þöìîûÐ šþöìœ x!:öì‹˜ 
ç öì„Ïþy!îûöì˜îû îõþ˜ e«› î,!kþ þ™yçëûyëû ö„þyöì’îû ›y˜ î,!kþ þ™yëûÐ

O

Cl Cl

O

Cl Cl

O

Cl Cl +

-

+

-

12. PH3 ~îû “%þœ˜yëû PF3 ~îû îõþ˜ ö„þyöì’îû ›y˜ öîŸ#Ð îÄy…Äy „þîûÐ

vþz_îûéôôôé PH3 ~î‚ PF3 vþz¦þëû x’%îû ö„þw#ëû þ™îû›y’% šþ¢šþîûyöì¢îû ¢‚„þîûyëû˜ 
xîßþiy SP3Ð xyîyîû PH3 ~î‚ PF3 ~îû ²Ìyhsþ#ëû þ™îû›y’%mëû ëíye«öì› £y£zöìvÈþyöì‹˜ 
~î‚ šÏ$þ!îû˜ ~î‚ ö¢£z !£öì¢öìî PH3 ~îû îõþ˜ ö„þy’ PF3 xöìþ™Çþy öî!Ÿ £çëûy 
vþz!‰þ“þÐ !„þlsþ PF3 ~îû îõþ˜ ö„þy’ PH3 xöìþ™Çþy öî!Ÿ „þyîû’ šÏ$þ!îûöì˜îû 2P „þÇþöì„þ 
!˜ƒ¢D ö‹yvþü £zöìœ„þÝþÆ˜ ~î‚ šþ¢šþîûyöì¢îû …y!œ 3d „þÇþöì„þîû ›öì•Ä pπ–dπ 
îõþ˜ †!àþ“þ £ëûÐ šþöìœ îõþ˜ e«› î,!kþîû šþöìœ PH3 ~îû “%þœ˜yëû PF3 ~îû îõþ˜ 
ö„þyöì’îû ›y˜ öîŸ# £ëûÐ

P F

F

F

P F

F

F

P F

F

F

P F

F

F

+-

+

-

+

-

13. NO2
– NO2

+, NO2
– îõþ˜ ö„þyöì’îû î,!kþîû e«›y˜%¢yöìîû ¢y‹yç ~î‚ 

îÄy…Äy „þîûÐ

vþz_îûéôôôé NO2 ~îû †àþ˜éôé
˜y£zöìÝþÆyöì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé2S22P3

x!:öì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé 2S22P4

¢%“þîûy‚ NO2 x’%îû ˜y£zöìÝþÆyöì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþ ˜y£zöìÝþÆyöì‹öì˜îû 
‰þyîûþ™yöìŸ ö›yÝþ £zöìœ„þÝþÆ˜ ¢‚…Äy £œ ˜y£zöìÝþÆyöì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþöìyîû 5 
!Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# !mîõþöì˜ ë%_« ”%!Ýþ x!:öì‹˜ þ™îû›y’%îû 4 !Ýþ £zöìœ„þÝþÆ˜

= 9 !Ýþ £zöìœ„þÝþÆ˜
= 4  !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü + 1 !Ýþ !îöì‹yvþü £zöìœ„þÝþÆ˜
= 4 !Ýþ îõþ˜ ö‹yvþü + 1 !Ýþ !îöì‹yvþü £zöìœ„þÝþÆ˜
= 2 !Ýþ !¢†›y îõþ˜ + 2 !Ýþ þ™y£z îõþ˜ + 1 !Ýþ !îöì‹yvþü £zöìœ„þÝþÆ˜
 SP2 [‹Äy!›!“þ„þ †àþöì˜ þ™y£z îõþöì˜îû ö„þy˜ ¦)þ!›„þy ö˜£z]
‹Äy!›!“þ„þ †àþ˜– !eöì„þy˜#ëû ¢›“þœ#ëû
NO2

+ ~îû †àþ˜éôé
˜y£zöìÝþÆyöì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé2S22P3

x!:öì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé 2S22P4

¢%“þîûy‚ NO2
+ xyëûöì˜ ˜y£zöìÝþÆyöì‹˜îû öëy‹Ä“þy „þöìÇþ ˜y£zöìÝþÆyöì‹˜îû ‰þyîûþ™yöìŸ 

ö›yÝþ £zöìœ„þÝþÆ˜ ¢‚…Äy £œ ˜y£zöìÝþÆyöì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû 5 !Ýþ £zöìœ„þÝþÆ˜ + 
¢›öìëy‹# !mîõþöì˜ ë%_« 2 !Ýþ x!:öì‹˜ þ™îû›y’%îû 4 !Ýþ £zöìœ„þÝþÆ˜ éôé ˜y£zöìÝþÆyöì‹öì˜îû 
vþzþ™îû ~„þ!Ýþ •˜yd„þ xy•y˜ íy„þyîû ‹˜Ä

= 8 !Ýþ £zöìœ„þÝþÆ˜
= 4 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 4 !Ýþ îõþ˜ ö‹yvþü
= 2 !Ýþ !¢†›y îõþ˜ + 2 !Ýþ þ™y£z îõþ˜



 SP2 [‹Äy!›!“þ„þ †àþöì˜ þ™y£z îõþöì˜îû ö„þy˜ ¦)þ!›„þy ö˜£z]
‹Äy!›!“þ„þ †àþ˜– ¢îûœ÷ìîû!…„þ

N OO
+

¢%“þîûy‚ ö„þyöì’îû ›y˜ 180o

NO2
– ~îû †àþ˜éôé

˜y£zöìÝþÆyöì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé2S22P3

x!:öì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé 2S22P4

¢%“þîûy‚ ˜y£zöìÝþÆyöì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû 5 !Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# 
!mîõþöì˜ ë%_« 1 !Ýþ x!:öì‹˜ þ™îû›y’%îû 2 !Ýþ  £zöìœ„þÝþÆ˜ + ¢›öìëy‹# ~„þîõþöì˜ 
ë%_« 1!Ýþ O– xyëûöì˜îû 1 !Ýþ £zöìœ„þÝþÆ˜

= 8 !Ýþ £zöìœ„þÝþÆ˜
= 4 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 3 !Ýþ îõþ˜ ö‹yvþü + 1 !Ýþ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
= 2 !Ýþ !¢†›y îõþ˜ + 1 !Ýþ þ™y£z îõþ˜ + 1 !Ýþ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
 SP2 [‹Äy!›!“þ„þ †àþöì˜ þ™y£z îõþöì˜îû ö„þy˜ ¦)þ!›„þy ö˜£z]

O O

N
-

NO2 ~î‚ NO2
– öÇþöìe NO2 ~îû îõþ˜ ö„þyöì˜îû ›y˜ öî!Ÿ „þyîû’ !˜ƒ¢D 

£zöìœ„þÝþÆ˜ ö‹yöìvþüîûéôé îõþ˜ ö‹yöìvþüîû ›öì•Ä !î„þ¡ìÅ’ îöìœîû ›y˜ ~„þ!Ýþ £zöìœ„þÝþÆ˜éôé 
îõþ˜ ö‹yöìvþüîû “%þœ˜yëû öî!Ÿ Ÿ!_«Ÿy!œÐ ¢%“þîûy‚ îõþ˜ ö„þy’îû î,!kþîû e«› NO2

+ 
> NO2 > NO2

–

14. •Ê&îyëû˜ îœöì“þ „þ# öîyGþÚ •Ê&îyëû˜ „þ# „þ# !î¡ìöìëûîû vþzþ™îû !˜¦Åþîû „þöìîûÚ

vþz_îûéôôôé ö„þy˜ „þÄyÝþyëû˜ myîûy xÄy˜yëûöì˜îû £zöìœ„þÝþÆ˜ þ™!îû›[þöìœîû xy„þyîû–
xy„,þ!“þîû öë þ™!îûî“Åþ˜ ‡öìÝþ “þyöì„þ •Ê&îyëû˜ îöìœÐ

i. „þÄyÝþyëûöì˜îû xy•yöì˜îû þ™!îû›y’

ii. „þÄyÝþyëûöì˜îû xy•y˜ ‡˜c
iii. „þÄyÝþyëûöì˜îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ „þyàþyöì›yÐ
iv. xÄy˜yëûöì˜îû xy•yöì˜îû vþzþ™îû
v. xÄy˜yëûöì˜îû xy„þyöìîûîû vþzþ™îûÐ

15. šþÄy‹yöì˜îû ¢)e!Ýþ öœ…Ð

vþz_îûéôôôé ö„þy˜ ¢›öìëy‹# öëïöì† xyëû˜#ëû ‰þ!îûe îÄy…Äy „þîûyîû ‹˜Ä öë›˜ 
vþy£z öþ™yœ ö›yöì›˜Ýþ !”öìëû îÄy…Äy „þîûy ëyëû ö“þ›!˜ ö„þy˜ “þ!vþüê öëy‹# öëïöì† 
¢›öìëy‹Ä“þyîû ›yey îÄy…Äy „þîûyîû ‹˜Ä šþÄy‹yª ¢)öìeîû xyî“þîû’ ‡öìÝþÐ ö„þy˜ 
xyëû˜#ëû öëïöì† ¢›öìëy‹# ‰þ!îûe î,!kþ þ™yëû ë!”

iV „þÄyÝþyëûöì˜îû xy„þyîû £Éy¢ ƒ ~„þ£z xy•y˜ !î!ŸÜT „þÄyÝþyëûöì˜îû xy„þyîû ë“þ Ç%þo 
£ëû „þÄyÝþyëûöì˜îû xy•y˜ ‡˜c “þ“þ î,!kþ þ™yëû ~î‚ •Ê&îyëû˜ ›yey “þ“þ î,!kþ þ™yëû 
šþöìœ ¢›öìëy‹# •›Å î,!kþ þ™yëûÐ

iiV xÄy˜yëûöì˜îû xy„þyîû î,!kþ –~„þ£z xy•y˜ !î!ŸÜT xÄy˜yëûöì˜îû xy„þyîû ë“þ î,!kþ 
þ™yëû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆöì˜îû ²Ì!“þ !˜vþz!„Ïþëûyöì¢îû xy„þ¡ìÅ’ îœ “þ“þ „þ› £ëû 
šþöìœîû £zöìœ„þÝþÆ˜ þ™!îû›[þöìœîû xy„,þ!“þ !˜!„Ïþëûy¢ myîûy ¢£öì‹£z !î„,þ!“þ ‡Ýþöì“þ þ™yöìîûÐ

iiiV „þÄyÝþyëûöì˜îû xy•yöì˜îû ›yey „þÄyÝþyëûöì˜îû xy•yöì˜îû ›yey ë“þ î,!kþ þ™yëû 
“þ“þ öî!Ÿ ›yeyëû xÄy˜yëûöì˜îû £zöìœ„þÝþÆ˜ þ™!îû›[þöìœîû xy„þyîû xy„,þ!“þ ö„þ !î„,þ!“þ 
‡Ýþyöì“þ þ™yöìîûÐ

ivV xÄy˜yëûöì˜îû xy•yöì˜îû ›yey ƒ xÄy˜yëûöì˜îû xy•yöì˜îû ›yey ë“þ öî!Ÿ £öìî 
„þÄyÝþyëû˜ myîûy “þ“þ ¢£öì‹ •Ê&îyëûöì˜îû ›yey î,!kþ þ™yöìî xíÅyê ¢›öìëy‹# •›Å î,!kþ 
þ™yöìîÐ

16. xÄyœöì„þy£öìœ KCl xöìþ™Çþy KI ~îû oyîÄ“þy öî!Ÿ ö„þ˜Ú

vþz_îûéôôôé xÄyœöì„þy£öìœ ~„þ!Ýþ ¢›öìëy‹# öëï†Ð KCl ç KI vþz¦þëû öëïöì†îû 
„þÄyÝþyëû˜!Ýþ ¢y•yîû’Ð !„þlsþ Cl– ~îû xy„þyîû I–  ~îû “%þœy˜yëû îvþü £çëûyëû I– ~îû 
•Ê&îyëû˜ Çþ›“þy Cl– “%þœ˜yëû öî!ŸÐ šþöìœ KCl ~îû “%þœ˜yëû KI ~îû ¢›öìëy‹# 
•›Å xöì˜„þ öî!ŸÐ xþ™îûþ™öìÇþ xÄyœöì„þy£öìœ ~„þ!Ýþ ¢›öìëy‹# öëï†Ð ~£z „þyîûöì’ 
xÄyœöì„þy£öìœ KCl xöìþ™Çþy KI ~îû oyîÄ“þy öî!ŸÐ



17. AgF, AgCl, AgBr ç AgI ~îû ‹œ#ëû oîöì’ oyîÄ“þyîû î,!kþîû e«› 
x˜%¢yöìîû ¢y‹yç ç îÄy…Äy „þîûÐ

vþz_îûéôôôé AgF, AgCl, AgBr ç AgI ~îû „þÄyÝþyëû˜!Ýþ ¢y•yîû’ ~î‚ F–, 
Cl–, Br–, I– xy„þyöìîûîû î,!kþîû e«› £œ F–, Cl–, Br–, I–Ð šþÄy‹yöì˜îû ¢)ey˜%ëyëû# 
F–, Cl–, Br–, I– ~îû •Ê&îyëûöì˜îû î,!kþîû e«› F– < Cl– < Br– < I–Ð x“þ~î 
!¢œ¦þyîû £Äyœy£zvþ=!œîû ¢›öìëy‹# •öì›Åîû î,!kþîû e«› AgF, AgCl, AgBr ç 
AgIÐ xyîyîû ‹œ ~„þ!Ýþ •Ê&î#ëû oyî„þ £çëûyëû öë !¢œ¦þyîû £Äyœy£zvþ!Ýþîû ¢›öìëy‹# 
•›Å öî!Ÿ ö¢£z £Äyœy£zvþ!Ýþîû oyîÄ“þy ¢› ö‰þöìëû „þ› £öìîÐ ¢%“þîûy‚ ‹œ#ëû oîöì’ 
!¢œ¦þyîû £Äyœy£zöìvþîû oîÄ“þyîû î,!kþîû e«›

AgF> AgCl > AgBr > AgI

18. !¢œ¦þyîû šÏ$þîûy£zvþ ¢y”y !„þlsþ !¢œ¦þyîû xyöìëûyvþy£zvþ £œ%”éôé îÄy…Äy „þîûÐ

vþz_îûéôôôé šþÄy‹yöì˜îû ¢%ey˜%ëyëû# œîöì’îû î’Å !˜¦Åþîû „þöìîû ú œîöì’ vþzþ™!ßþi“þ 
xÄy˜yëûöì˜îû •Ê&îyëûöì˜îû ›yeyîû vþzþ™îûÐ xÄy˜yëûöì˜îû •Ê&îyëûöì˜îû ›yey öî!Ÿ £öìœ 
xÄy˜yëûöì˜îû þ™)’Å „þÇþ„þ öíöì„þ £zöìœ„þÝþÆ˜ „þÄyÝþyëûöì˜îû …y!œ „þÇþöì„þ Çþ’ßþiyëû# 
ßþiy˜yhsþ!îû“þ StransitionV £ëûÐ F– ~îû “%þœ˜yëû I– ~îû xy„þyîû îvþü £çëûyëû I– 

~îû •Ê&îyëû˜ ›yey F– ~îû “%þœ˜yëû x!•„þÐ šþöìœ I– xyëû˜ ¢)ëÅyöìœyöì„þîû öî=!˜ 
xyöìœy„þîû!ÙÂ öŸy¡ì’ „þöìîû £zöìœ„þÝþÆöì˜îû Çþ’ßþiyëû# ¢îû’ StransitionV ‡Ýþyëû ~î‚ 
öî=!˜ îöì’Åîû þ™!îûþ™)îû„þ î’Å !˜†Å›˜ „þöìîûÐ F– ~îû xy„þyîû Ç%þo £çëûyëû •Ê&îyëû˜ 
›yey „þ› “þy£z ”,ŸÄ›y˜ xyöìœy„þîû!ÙÂ öŸy¡ì’ „þöìîû £zöìœ„þÝþÆ˜ ßþiy˜yhsþ!îû“þ £öì“þ 
þ™yöìîû ˜yÐ ~£z „þyîûöì’ !¢œ¦þyîû šÏ$þîûy£zvþ ¢y”y !„þlsþ !¢œ¦þyîû xyöìëûyvþy£zvþ £œ%”Ð

19. PbCl2 ¢y”y !„þlsþ PbI2 £œ%”Ð îÄy…Äy „þîûÐ

vþz_îûéôôôéšþÄy‹yöì˜îû ¢%ey˜%ëyëû# ö„þy˜ œîöì’îû î’Å !˜¦Åþîû „þöìîû ú œîöì’ 
vþzþ™!ßþi“þ xÄy˜yëûöì˜îû •Ê&îyëûöì˜îû ›yeyîû vþzþ™îûÐ xÄy˜yëûöì˜îû •Ê&îyëûöì˜îû ›yey öî!Ÿ 
£öìœ xÄy˜yëûöì˜îû þ™)’Å „þÇþ„þ öíöì„þ £zöìœ„þÝþÆ˜ „þÄyÝþyëûöì˜îû …y!œ „þÇþöì„þ Çþ’ßþiyëû# 
ßþiy˜yhsþ!îû“þ StransitionV £ëûÐ Cl– ~îû “%þœ˜yëû I– ~îû xy„þyîû îvþü £çëûyëû I– 

~îû •Ê&îyëû˜ ›yey Cl– ~îû “%þœ˜yëû x!•„þÐ šþöìœ I– xyëû˜ ¢)ëÅyöìœyöì„þîû öî=!˜ 
xyöìœy„þîû!ÙÂ öŸy¡ì’ „þöìîû £zöìœ„þÝþÆöì˜îû Çþ’ßþiyëû# ¢îû’ StransitionV ‡Ýþyëû ~î‚ 
öî=!˜ îöì’Åîû  þ™!îûþ™)îû„þ î’Å £œ%” !˜†Å›˜ „þöìîûÐ Cl– ~îû xy„þyîû Ç%þo £çëûyëû 

•Ê&îyëû˜ ›yey „þ› “þy£z  ”,ŸÄ›y˜ xyöìœy„þ îû!ÙÂ öŸy¡ì’ „þöìîû £zöìœ„þÝþÆ˜ ßþiy˜yhsþ!îû“þ 
£öì“þ þ™yöìîû ˜yÐ ~£z „þyîûöì’ PbCl2 ¢y”y !„þlsþ PbI2 £œ%”Ð

20. HgCl2 ¢y”y !„þlsþ HgI2 £œ%” îÄy…Äy „þîûÐ

vþz_îûéôôôééôéšþÄy‹yöì˜îû ¢%ey˜%ëyëû# ö„þy˜ œîöì’îû î’Å !˜¦Åþîû „þöìîû ú œîöì’ 
vþzþ™!ßþi“þ xÄy˜yëûöì˜îû •Ê&îyëûöì˜îû ›yeyîû vþzþ™îûÐ xÄy˜yëûöì˜îû •Ê&îyëûöì˜îû ›yey öî!Ÿ 
£öìœ xÄy˜yëûöì˜îû þ™)’Å „þÇþ„þ öíöì„þ £zöìœ„þÝþÆ˜ „þÄyÝþyëûöì˜îû …y!œ „þÇþöì„þ Çþ’ßþiyëû# 
ßþiy˜yhsþ!îû“þ StransitionV £ëûÐ Cl– ~îû “%þœ˜yëû I– ~îû xy„þyîû îvþü £çëûyëû I– 

~îû •Ê&îyëû˜ ›yey Cl– ~îû “%þœ˜yëû x!•„þÐ šþöìœ I– xyëû˜ ¢)ëÅyöìœyöì„þîû öî=!˜ 
xyöìœy„þîû!ÙÂ öŸy¡ì’ „þöìîû £zöìœ„þÝþÆöì˜îû Çþ’ßþiyëû# ¢îû’ StransitionV ‡Ýþyëû ~î‚ 
öî=!˜ îöì’Åîû þ™!îûþ™)îû„þ î’Å £œ%” !˜†Å›˜ „þöìîûÐ Cl– ~îû xy„þyîû Ç%þo £çëûyëû 
•Ê&îyëû˜ ›yey „þ› “þy£z ”,ŸÄ›y˜ xyöìœy„þ îû!ÙÂ öŸy¡ì’ „þöìîû £zöìœ„þÝþÆ˜ ßþiy˜yhsþ!îû“þ 
£öì“þ þ™yöìîû ˜yÐ ~£z „þyîûöì’ HgCl2 ¢y”y !„þlsþ HgI2 £œ%”Ð

21. PbCl4 ~îû x!hßþc xyöìŠé !„þlsþ PbI4 ~îû x!hßþc ˜y£z îÄy…Äy „þîûÐ

vþz_îûéôôôé PbI4 öëïöì† öœöìvþîû ‹yîû’ ¢‚…Äy +4 £çëûyëû Pb+4 ~îû xy•y˜ ‡˜c 
xöì˜„þ öî!ŸÐ xþ™îû!”öì„þ I– ~îû xy„þyîû îvþü £çëûyëû •Ê&îy!ëû“þ £çëûyîû ²Ìî’“þy 
xöì˜„þ öî!Ÿ šþöìœ ²Ì!“þ!Ýþ Pb+4 xyëû˜ ”%!Ýþ I–  xyëû˜ öíöì„þ £zöìœ„þÝþÆ˜ Pb+4 
xyëûöì˜îû …y!œ „þöìÇþ ¢Á™)’Åîû*öìþ™ ßþiy˜yhsþ!îû“þ £ëûÐ xíÅyê Pb+4 xyëû˜ £zöìœ„þÝþÆ˜ 
@ùÌ£’ „þöìîû !î‹y!îû“þ £ëû ~î‚ I– xyëû˜ £zöìœ„þÝþÆ˜ î‹Å˜ „þöìîû ‹y!îû“þ £ëûÐ 
xþ™îûþ™öìÇþ Cl– ~îû xy„þyîû Ç%þo £çëûyëû •Ê&îyëû˜ ›yey …%î „þ›Ð “þy£z Cl– ~îû 
£zöìœ„þÝþÆ˜ Pb+4 xyëûöì˜îû …y!œ „þöìÇþ ¢Á™)’Åîû*öìþ™ ßþiy˜yhsþ!îû“þ £öì“þ þ™yöìîû ˜yÐ ~£z 
„þyîûöì’ PbCl4 ~îû x!hßþc xyöìŠé !„þlsþ PbI4 ~îû x!hßþc ˜y£zÐ

PbI4 + I2PbI2
+2+4 -1-1 0

reduction

oxidation



22. FeI2 ~îû x!hßþc xyöìŠé !„þlsþ FeI3 ~îû x!hßþc ˜y£zÐ îÄy…Äy „þîûÐ

vþz_îûéôôôé FeI3 öëïöì† xyëûîûöì˜îû ‹yîû’ ¢‚…Äy +3 £çëûyëû Fe+3 ~îû xy•y˜ 
‡˜c xöì˜„þ öî!ŸÐ xþ™îû!”öì„þ I– ~îû xy„þyîû îvþü £çëûyëû •Ê&îy!ëû“þ £çëûyîû ²Ìî’“þy 
xöì˜„þ öî!Ÿ šþöìœ ²Ì!“þ!Ýþ Fe+3 xyëû˜ ”%!Ýþ I– xyëû˜ öíöì„þ £zöìœ„þÝþÆ˜ Pb+4 

xyëûöì˜îû …y!œ „þöìÇþ ¢Á™)’Åîû*öìþ™ ßþiy˜yhsþ!îû“þ £ëûÐ xíÅyê Fe+3 xyëû˜ £zöìœ„þÝþÆ˜ 
@ùÌ£’ „þöìîû Fe+2 xyëûöì˜ !î‹y!îû“þ £ëû ~î‚ I–  xyëû˜ £zöìœ„þÝþÆ˜ î‹Å˜ „þöìîû 
‹y!îû“þ £ëûÐ xþ™îûþ™öìÇþ Fe+2 ~îû xy„þyîû Fe+3 “%þœ˜yëû îvþü £çëûyëû I– ö„þ „þ› 
›yeyëû •Ê&îyëû˜ „þîûöì“þ þ™yöìîûÐ FeI2 ~îû x!hßþc xyöìŠé !„þlsþ FeI3 ~îû x!hßþc ˜y£zÐ

FeI3 + I2FeI2
+2+3 -1-1 0

reduction

oxidation

2 2

23. œÄy!Ýþ¢ Ÿ!_« ç £y£zöìvÈþŸ˜ Ÿ!_« îœöì“þ „þ# öîyGþÚ

vþz_îûéôôôé œÄy!Ýþ¢ Ÿ!_« ƒ ö„þy˜ xyëû˜#ëû öëïöì†îû vþzþ™y”y˜ xyëû˜=!œîû †Äy¢#ëû 
xîßþiy öíöì„þ ~„þ ö›yœ xyëû˜#ëû ö„þœy¢ vþzêþ™§¬ £çëûyîû ¢›ëû öë þ™!îû›y’ Ÿ!_«îû 
›%!_« ‡öìÝþ “þyöì„þ œÄy!Ýþ¢ Ÿ!_« îöìœÐ

£y£zöìvÈþŸ˜ Ÿ!_« ƒ ~„þ ö›yœ ö„þy˜ xyëû˜#ëû öëïöì†îû “þyîû vþzþ™y”y˜ †Äy¢#ëû 
xyëû˜ ‹öìœ oî#¦)þ“þ £çëûyîû ¢›ëû öë þ™!îû›y’ Ÿ!_«îû ›%!_« ‡öìÝþ “þyöì„þ £y£zöìvÈþŸ˜ 
Ÿ!_« îöìœÐ

24. î’ÅœÄyöìuþ ¢›#„þîû’!Ýþ öœ…Ð

œÄy!Ýþ¢ Ÿ!_«îû “þy!c„þ ›y˜ !˜’Åöìëûîû ‹˜Ä î’Å£zœÄyöìuþ ~„þ!Ýþ ¢›#„þîû’ ²Ì!“þÛþy 
„þöìîû˜Ð

= 

2
1(1 )Ae Z Z N

r n
  

öë…yöì˜
U = œÄy!Ýþ¢ Ÿ!_«

A = ›Äyöìvþœy‚ •Ê&î„þ
N = xÄyöì¦þy†yöìvÈþy ¢‚…Äy
r = ö„þœy¢ ‹yœöì„þ xî!ßþi“þ ~„þ!Ýþ „þÄyÝþyëû˜ ç “þyîû !˜„þÝþî“Åþ# xÄy˜yëûöì˜îû 

›öì•Ä ”%îûc
n = î’Å~:öìþ™yöì˜rÝþ
Z+ = „þÄyÝþyëûöì˜îû xy•y˜ þ™!îû›y’
Z– = xÄy˜yëûöì˜îû xy•yöì˜îû þ™!îû›y’

25. ›Äy†öì˜!¢ëûy› x:y£zöìvþîû œÄy!Ýþ¢ Ÿ!_« ö¢y!vþëûy› šÏ$þîûy£zvþ xöìþ™Çþy öî!Ÿ 
ö„þ˜Ú

vþz_îûéôôôé ›Äy†öì˜!¢ëûy› x:y£zöìvþîû œÄy!Ýþ¢ Ÿ!_« ö¢y!vþëûy› šÏ$þîûy£zvþ xöìþ™Çþy 
öî!Ÿ „þyîû’ ›Äy†öì˜!¢ëûy› x:y£zöìvþîû Z+ ~î‚ Z– ~îû =’šþöìœîû ›y˜ SZ+ × 
Z– = 4V ö¢y!vþëûy› šÏ$þîûy£zvþ~îû Z+ ~î‚ Z– ~îû =’šþöìœîû ›y˜ SZ+ × Z– = 1V 
xöìþ™Çþy öî!ŸÐ ë!”ç ›Äy†öì˜!¢ëûy› x:y£zöìvþîû r ~îû ›y˜ ö¢y!vþëûy› šÏ$þîûy£zöìvþîû 
r ~îû ›yöì˜îû ²Ìyëû ¢›y˜Ð ~£z „þyîûöì’ ›Äy†öì˜!¢ëûy› x:y£zöìvþîû œÄy!Ýþ¢ Ÿ!_« 
ö¢y!vþëûy› šÏ$þîûy£zvþ xöìþ™Çþy öî!ŸÐ

26. NaCl ~îû œÄy!Ýþ¢ Ÿ!_« KCl xöìþ™Çþy öî!ŸÐ îÄy…Äy „þîûÐ

vþz_îûéôôôé NaCl ~îû Z+ ~î‚ Z– ~îû =’šþöìœîû ›y˜ SZ+ × Z– = 1V KCl 
~îû Z+ ~î‚ Z– ~îû =’šþöìœîû ›yöì˜îû SZ+ × Z– = 1V ¢›y˜Ð !„þlsþ NaCl 
~îû “%þœ˜yëû KCl ~îû r ›y˜ öî!Ÿ £çëûyëû NaCl ~îû œÄy!Ýþ¢ Ÿ!_« KCl 
xöìþ™Çþy öî!ŸÐ

27. CaO ~îû œÄy!Ýþ¢ Ÿ!_« NaF xöìþ™Çþy öî!Ÿ ö„þ˜Ð

vþz_îûéôôôé„þÄyœ!¢ëûy› x:y£zöìvþîû œÄy!Ýþ¢ Ÿ!_« ö¢y!vþëûy› šÏ$þîûy£zvþ xöìþ™Çþy öî!Ÿ 
„þyîû’ „þÄyœ!¢ëûy› x:y£zöìvþîû Z+ ~î‚ Z– ~îû =’šþöìœîû ›y˜ SZ+ × Z– = 4V 
ö¢y!vþëûy› šÏ$þîûy£zvþ~îû Z+ ~î‚ Z– ~îû =’šþöìœîû ›y˜ SZ+ × Z– = 1V xöìþ™Çþy 
öî!ŸÐ ë!”ç „þÄyœ!¢ëûy› x:y£zöìvþîû „þÄyœ!¢ëûy› ç x:y£zöìvþ xyhsþƒ !˜vþz!„Ïþëûyîû 
”)îûc SrV ~îû ›y˜ ö¢y!vþëûy› šÏ$þîûy£zöìvþîû r ~îû ›yöì˜îû ö‰þöìëû ¢y›y˜Ä öî!ŸÐ ~£z 
„þyîûöì’éôé„þÄyœ!¢ëûy› x:y£zöìvþîû œÄy!Ýþ¢ Ÿ!_« ö¢y!vþëûy› šÏ$þîûy£zvþ xöìþ™Çþy öî!ŸÐ



28. ö¢y!vþëûy› ö„Ïþyîûy£zvþ ‹öìœ oyîÄ !„þlsþ öî!Oöì˜ xoyîÄÐ îÄy…Äy „þîûÐ

vþz_îûéôôôé ö¢y!vþëûy› ö„Ïþyîûy£zvþ ‹öìœ oyîÄ „þyîû’ ö¢y!vþëûy› ö„Ïþyîûy£zöìvþîû œÄy!Ýþ¢ 
Ÿ!_«îû ›y˜ £y£zöìvÈþŸ˜ Ÿ!_«îû ö‰þöìëû „þ›Ð xþ™îû þ™öìÇþ ö¢y!vþëûy› ö„Ïþyîûy£zvþ öî!Oöì˜ 
xoyîÄ „þyîû’ ~£z öÇþöìe oyî„þ xyëû˜ Ÿ!_«îû ›y˜ ö¢y!vþëûy› ö„Ïþyîûy£zöìvþîû œÄy!Ýþ¢ 
Ÿ!_«îû ö‰þöìëû „þ›Ð ~£z „þyîûöì’ ö¢y!vþëûy› ö„Ïþyîûy£zvþ ‹öìœ oyîÄ !„þlsþ öî!Oöì̃  xoyîÄÐ

29. öî!îûëûy› ¢yœöìšþÝþ ‹öìœ xoyîÄ ö„þ˜Ú îÄy…Äy „þîûÐ

vþz_îûéôôôé öî!îûëûy› ¢yœöìšþöìÝþîû œÄy!Ýþ¢ Ÿ!_«îû ›y˜ £y£zöìvÈþŸ˜ Ÿ!_«îû ö‰þöìëû 
öî!ŸÐ šþöìœ BaSO4 ~îû œÄy!Ýþ¢ öíöì„þ Ba2+ xyëû˜ ç SO4

2éôé xyëû˜ ö„þ þ™,í„þ 
„þîûöì“þ þ™yöìîû ˜yÐ ~£z „þyîûöì’ öî!îûëûy› ¢yœöìšþÝþ ‹öìœ xoyîÄÐ

30. CaF2 ‹öìœ xoyîÄ !„þlsþ CaCl2 ‹öìœ oyîÄ –îÄy…Äy „þîûÐ

vþz_îûéôôôé CaF2 ‹öìœ xoyîÄ „þyîû’ £z£yîû œÄy!Ýþ¢ Ÿ!_«îû ›y˜ oyî„þ xyëû˜ 
Ÿ!_«îû S£y£zöìvÈþŸ˜ Ÿ!_«îûV ö‰þöìëû öî!ŸÐ !„þlsþ CaCl2 ‹öìœ oyîÄ „þyîû’ £z£yîû 
£y£zöìvÈþŸ˜ Ÿ!_«îû ›y˜ œÄy!Ýþ¢ Ÿ!_«îû ö‰þöìëû öî!ŸÐ ~£z „þyîûöì˜ CaF2 ‹öìœ 
xoyîÄ !„þlsþ CaCl2 ‹öìœ oyîÄÐ

31. CaF2 †œ˜y‚„þ CaI2 ~îû ö‰þöìëû öî!Ÿ ö„þ˜Ú

vþz_îûéôôôé šþÄy‹yöì˜îû ¢)ey˜%ëyëû# F– ~îû xy„þyîû I– ~îû “%þœ˜yëû Ç%þo £çëûyëû 
I– xyëû˜ ¢£öì‹£z Ca+2 xyëû˜ myîûy •Ê&îy!ëû“þ £öì“þ þ™yöìîûÐ ~£z „þyîûöì’ CaI2 ~îû 
¢›öìëy‹# •›Å CaF2 xöìþ™Çþy öî!ŸÐ ~Šéyvþüyç CaF2 ~îû œÄy!Ýþ¢ Ÿ!_«îû ›y˜ 
CaI2 xöìþ™Çþy öî!Ÿ £çëûyëû CaF2 †œ˜y‚„þ CaI2 ~îû ö‰þöìëû öî!ŸÐ

32.  îõþ˜ ¼y›„þ îy îuþ ö›yöì›rÝþ ~î‚ !möì›îû& ¼y›„þ îy vþy£zöìþ™yœ ö›yöì›rÝþ 
îœöì“þ „þ# öîyGþÚ !¢ !‹ ~¢ ~î‚ ~¢ xy£z þ™kþ!“þöì“þ vþy£zöìþ™yœ ö›yöì›öìrÝþîû 
~„þ„þ öœ…Ð

vþz_îûéôôôé îõþ˜ ¼y›„þôé“þ!vþüê }’yd„þ“þy þ™yíÅ„þÄ ¢Á™§¬ ë…˜ ”%!Ýþ þ™îû›y’% 
¢›öìëy‹# îõþöì˜ ë%_« íyöì„þ “þ…˜ x!•„þ “þ!vþüê }’yd„þ ö›ïœ xy‚!Ÿ„þ ö˜öì†!Ýþ¦þ 
@ùÌßþi ~î‚ „þ› “þ!vþüê }’yd„þ ö›ïœ!Ýþ x!•„þ “þ!vþüê }’yd„þ ö›ïöìœîû ¢›þ™!îû›y’ 
xy‚!Ÿ„þ •˜yd„þ ²Ìy® £ëûÐ ~£z ”%!Ýþ þ™îû›y’%îû öë ö„þy˜ ~„þ!Ýþîû ö›yÝþ xy•yöì˜îû 
þ™!îû›y’ ç vþz£yöì”îû xyhsþ!˜vþz!„Ïþëûyîû ”)îûöìcîû =’šþœöì„þ îõþ˜ ¼y›„þ îöìœÐ

îõþ˜ ¼y›„þ (μ) = q×l  
q = þ™îû›y’%îû vþzþ™îû ‹›y xy•yöì˜îû þ™!îû›y’
l = ”%!Ýþ þ™îû›y’%îû !˜vþz!„Ïþëûyöì¢îû ›öì•Ä ”)îûcÐ
!möì›îû& ¼y›„þéôé ”%£z þ™îû›y’% !î!ŸÜT x’%îû öÇþöìe îõþ˜ ¼y›„þ ç !möì›îû& ¼y›öì„þîû 

›y˜ ~„þ£z £ëûÐ !„þlsþ ”%£z îy ”%£zöìëûîû x!•„þ îõþ˜ ë%_« öëï† x’%îû öÇþöìe !möì›îû& 
¼y›öì„þîû ›y˜ îõþ˜ ¼y›„þ=!œîû ö¦þQîû öëy†šþöìœîû ¢›y˜Ð

!¢ !‹ ~¢ þ™kþ!“þöì“þ !möì›îû& ¼y›öì„þîû ~„þ„þ De bye
~¢ xy£z þ™kþ!“þ“þ !möì›îû& ¼y›öì„þîû ~„þ„þéôé„%þœÁºéôé!›Ýþyîû

33. NH3 ~î‚ NF3 x’%îû ›öì•Ä ö„þy˜!Ýþîû !möì›îû& ¼y›öì„þîû ›y˜ öî!ŸÚ 
îÄy…Äy „þîûÐ

vþz_îûéôôôé NH3 ~î‚ NF3 vþz¦þëû x˜%îû ö„þw#ëû þ™îû›y’% ˜y£zöìÝþÆyöì‹˜ ëyîû 
¢‚„þîûyëû˜ xîßþiy SP3 ~î‚ ‹Äy!›!“þ„þ †àþ˜ !þ™îûy!›vþ xy„,þ!“þÐ NH3 x’%îû ²Ìyhsþ#ëû 
þ™îû›y’% £y£zöìvÈþyöì‹öì˜îû “þ!vþüê }’yd„þ“þy ˜y£zöìÝþÆyöì‹öì˜îû “%þœ˜yëû „þ› £çëûyîû ‹˜Ä 
˜y£zöìÝþÆyöì‹˜ ç £y£zöìvÈþyöì‹öì˜îû îõþ˜ ¼y›öì„þîû x!¦þ›%… ˜y£zöìÝþÆyöì‹öì˜îû !”öì„þ !e«ëûy 
„þöìîûÐ xyîyîû !“þ˜!Ýþ N–H ~îû îõþ˜ ¼y›öì„þîû œ!¸þ ç !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü 
öíöì„þ vþzq(“þ ¼y›„þ ~„þ£z !”öì„þ !e«ëûy „þöìîûÐ

xþ™îû!”öì„þ NF3 x’%îû ²Ìyhsþ#ëû þ™îû›y’% šÏ$þ!îûöì̃ îû “þ!vþüê }’yd„þ“þy ˜y£zöìÝþÆyöì‹öì̃ îû 
“%þœ˜yëû öî!Ÿ £çëûyîû ‹˜Ä ˜y£zöìÝþÆyöì‹˜ ç šÏ$þ!îûöì˜îû îõþ˜ ¼y›öì„þîû x!¦þ›%… 
šÏ$þ!îûöì˜îû !”öì„þ !e«ëûy „þöìîûÐ xyîyîû ~£z !“þ˜!Ýþ N–F ~îû îõþ˜ ¼y›öì„þîû œ!¸þ 
ç !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü öíöì„þ vþzq(“þ ¼y›„þ !îþ™îû#“þ !”öì„þ !e«ëûy „þöìîûÐ co2 
~£z „þyîûöì’ NH3 ~î‚ NF3 x’%îû ›öì•Ä ö„þy˜!Ýþîû !möì›îû& ¼y›öì„þîû ›y˜ öî!ŸÐ

μR(NH3)

 

N
F FF

 

N
H HH

μR(NF3)



34. CO2 ~„þ!Ýþ ˜˜öìþ™yœyîû x’% !„þlsþ SO2 öþ™yœyîû x’%Ð îÄy…Äy „þîûÐ

vþz_îûéôôôé CO2 x’%îû ö„þw#ëû þ™îû›y’% „þyîÅöì̃ îû ¢‚„þîûyëû̃  xîßþiy SPÐ šþöìœ CO2 

~„þ!Ýþ ¢îûœ÷ìîû!…„þ x’%Ð „þyîÅ˜ ç x!:öì‹˜ þ™îû›y’%îû ›öì•Ä “þ!vþüê }’yd„þ“þyîû 
þ™yíÅöì„þÄîû ‹˜Ä C–O îõþ˜!Ýþ öþ™yœyîû ²Ì„,þ!“þîû £ëûÐ !„þlsþ ”%!Ýþ C–O ~îû îõþ˜ 
¼y›„þ þ™îûßþ™îû !îþ™îû#“þ !”öì„þ !e«ëûy „þîûyëû £z£yîû  œ!¸þ ¼y›öì„þîû ›y˜ Ÿ)˜ÄÐ ~£z 
„þyîûöì’ CO2 ~„þ!Ýþ ˜˜öìþ™yœyîûÐxþ™îû þ™öìÇþ SO2 x’%îû ö„þw#ëû þ™îû›y’% ¢yœšþyöìîûîû 
¢‚„þîûyëû˜ xîßþiy SP2 šþöìœ ”%!Ýþ S–O îõþ˜ ç ~„þ!Ýþ !˜ƒ¢D ö‹yvþü £zöìœ„þÝþÆ˜ 
þ™îûßþ™îû 120o „þöìîû xîßþiy˜Ð ”%!Ýþ S–O ~îû îõþ˜ ¼y›öì„þîû œ!¸þ ¼y›„þ ç !˜ƒ¢D 
£zöìœ„þÝþÆ˜ ö‹yvþü þ™îûßþ™îû !îþ™îû#öì“þ „þy‹ „þöìîûÐ ”%!Ýþ S–O ~îû îõþ˜ ¼y›öì„þîû 
œ!¸þ ¼y›„þ ç !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü þ™îûßþ™îû !îþ™îû#öì“þ „þy‹ „þöìîûÐ !„þlsþ ”%!Ýþ 
S–O ~îû îõþ˜ ¼y›öì„þîû œ!¸þ ¼y›„þ ¢yœšþyöìîûîû !˜ƒ¢D £zöìœ„þÝþÆ˜ öíöì„þ vþzq(“þ 
¼y›öì„þîû ö‰þöìëû öî!ŸÐ ~£z „þyîûöì˜£z SO2 öþ™yœyîû x’%

C OO

μR (CO2) = 0

S
O O

μR (SO2) = + ve

35. „þyîÅ˜ ›öì˜y:y£zöìvþîû !möì›îû&¼y›öì„þîû ›y˜ xyŸy˜%îû*þ™ ›yöì˜îû ö‰þöìëû „þ› 
ö„þ˜Ú

vþz_îûéôôôé „þyîÅöì˜îû “%þœ˜yëû x!:öì‹öì˜îû “þ!vþüê }’yd„þ“þy öî!Ÿ £çëûyëû C–O 
~îû σéôéîõþ˜ ¼y›„þ ~î‚ πôéîõþ˜ ¼y›öì„þîû x!¦þ›%… x!:öì‹˜îû !”öì„þ !e«ëûyŸ#œÐ 
xyîyîû „þyîÅöì˜îû öëy‹Ä“þy „þöìÇþ ”%!Ýþ xë%@Â £zöìœ„þÝþÆ˜ ~î‚ ~„þ ö‹yvþüy !˜ƒ¢D  
ö‹yvþü  £zöìœ„þÝþÆ˜ î“Åþ›y˜Ð ö¢£z !£öì¢öìî „þyîÅ˜ x!:öì‹˜ þ™îû›y’%îû ¢öìD ¢›öìëy‹# 
!mîõþöì˜ xyîkþÐ !„þlsþ ~£z ~£z xîßþiyëû „þyîÅöì˜îû öëy‹Ä“þy „þöìÇþ xÜT„þ þ™)’Å £ëû 

˜y šþöìœ šþöìœ x!:öì‹öì˜îû !˜ƒ¢D ‹vþü £zöìœ„þÝþÆ˜ !”öìëû „þyîÅöì˜îû …y!œ „þÇþöì„þîû 
back donated pπ–pπ îõþ˜ „þöìîûÐ ~£z „þyîûöì’ x!:öì‹˜ þ™îû›y’% öíöì„þ „þyîÅ’ 
þ™îû›y’%îû !”öì„þ £zöìœ„þÝþÆöì˜îû ¢îû’ ‡Ýþyîû šþöìœ „þyîÅ˜– x!:öì‹öì˜îû !möì›îû& ¼y›öì„þîû 
xy¢y˜%îûþ™ ›yöì˜îû ö‰þöìëû „þöì› ëyëûÐ

C O C O

36. ö›Ýþyéôévþy£zöì„Ïþyöìîûyöìî!Oöì˜îû “%þœ˜yëû xöìíÅyéôévþy£zöì„Ïþyöìîûyöìî!Oöì˜îû !möì›îû& 
¼y›öì„þîû ›y˜ öî!Ÿ ö„þ˜Ú

vþz_îûéôôôé „þyîÅ˜ ç ö„Ïþy!îûöì˜îû “þ!vþüê }’yd„þ“þyîû þ™yíÅöì„þÄîû ‹˜Ä C–Cl ~îû 
îõþ˜ ¼y›öì„þîû x!¦þ›%… ö„Ïþy!îû˜ þ™îû›y’%îû !”öì„þ íyöì„þÐ ~…˜ ë!” ²Ì!“þ!Ýþ C–Cl 
~îû îõþ˜ ¼y›„þöì„þ μb ö¦þQîû myîûy ²Ì„þyŸ „þîûy

Cl
Cl

C-Cl

C-Cl R

60o

xöìíÅyéôévþy£zöì„Ïþyöìîûyöìî!O˜

Cl

Cl

C-Cl

C-Cl

R

120o

ö›Ýþyéôévþy£zöì„Ïþyöìîûyöìî!O˜
£ëû “þy£öìœ xöìíÅyéôévþy£zöì„Ïþyöìîûyöìî!Oöì˜îû !möì›îû& ¼y›öì„þîû ›y˜ £öìî ”%!Ýþ μb ~îû 

œ!¸þ ö¦þQöìîûîû ¢›y˜ öë…yöì˜ xöìíÅyéôévþy£zöì„Ïþyöìîûyöìî!Oöì˜îû öÇþöìe ”%!Ýþ ö¦þQöìîûîû 
xhsþîûî“Åþ# ö„þyöì’îû ›y˜ £öìî 60o ~î‚ ö›Ýþyéôévþy£zöì„Ïþyöìîûyöìî!Oöì˜îû öÇþöìe 120oÐ



¢%“þîûy‚
îy μR2(Ortho) = (μb2 + μb2 + 2μb μb Cos60o)
îy μR2(Ortho) = (2μb2 + + 2μb2 × 1/2)
îy μR2(Ortho) = 3μb2

îy μR (Ortho) = 1.732μb
xyîyîû μR 2(meta) = (μb2 + μb2 + 2μb μb Cos120o)
îy μR2(meta) = (2μb2 2μb2 × 1/2)
îy μR2(meta) = (2μb2 μb2)
îy μR2(meta) = μb2)
îy μR (meta) = μb
öëöì£“%þ μR (Ortho) > μR (meta)
¢%“þîûy‚ ö›Ýþyéôévþy£zöì„Ïþyöìîûyöìî!Oöì˜îû “%þœ˜yëû xöìíÅyéôévþy£zöì„Ïþyöìîûyöìî!Oöì˜îû !möì›îû& 

¼y›öì„þîû ›y˜ öî!Ÿ

37. xÄy!¢öìÝþy˜ ç öì²Ìyþ™y˜Äyöìœîû ›öì•Ä ö„þy˜!Ýþîû !möì›îû& ¼y›öì„þîû ›y˜ öî!Ÿ 
îÄy…Äy „þîûÐ

vþz_îûéôôôé

O

CH3CH2

O

H3C

CH3

H

 xÄy!¢öìÝþy˜                                        ö²Ìyþ™y˜Äyœ
xÄy!¢öìÝþyöì˜îû öÇþöìe ”%!Ýþ !›íy£zœ @ùÌ&öìþ™îû +I ²Ì¦þyî ~îû x!¦þ›%… ~„þ£z !”öì„þ 

!e«ëûy „þîûyëû œ!¸þ
ö¦þQöìîûîû ›y˜ ö²Ìyþ™y˜Äyöìœîû “%þœ˜yëû x!•„þ „þyîû’ ö²Ìyþ™y˜Äyöìœîû öÇþöìe Ö•%›ye 

C2H5 ~îû +I ²Ì¦þyî !e«ëûy „þöìîûÐ

38. £zíy£zœ ö„Ïþyîûy£zvþ ç !¦þ˜y£zœ ö„Ïþyîûy£zöìvþîû ›öì•Ä ö„þy˜!Ýþîû !möì›îû& ¼y›öì„þîû 
›y˜ öî!ŸÐ îÄy…Äy „þîûÐ

vþz_îûéôôôé£zíy£zœ ö„Ïþyîûy£zvþ ç !¦þ˜y£zœ ö„Ïþyîûy£zvþ vþz¦þëû x’%öì“þ „þyîÅ˜ ç 

ö„Ïþy!îûöì˜îû “þ!vþüê }’yd„þ“þyîû þ™yíÅöì„þÄîû ‹˜Ä ö„Ïþy!îûöì˜îû x!¦þ›%öì… ~„þ!Ýþ îõþ˜ 
¼y›öì„þîû ¢,!ÜT £ëû ö¢£z !£öì¢öìî vþz¦þëû x’%îû !möì›îû& ¼y›öì„þîû ›y˜ ~„þ£z £çëûy 
vþz!‰þ“þÐ !„þlsþ !¦þ˜y£zœ ö„Ïþyîûy£zöìvþîû “%þœ˜yëû £zíy£zœ ö„Ïþyîûy£zöìvþîû !möì›îû& ¼y›öì„þîû 
›y˜ öî!Ÿ „þyîû’ öì„Ïþy!îûöì̃ îû !˜ƒ¢D £zöìœ„þÝþÆ̃  ö‹yvþü öîûöì‹y˜Äyöìªîû ›y•Äöì› !¦þ˜y£zœ 
@ùÌ&öìþ™ ßþiy˜yhsþîû ‡öìÝþ šþöìœ !îþ™îû#“þ›%…# £zöìœ„þÝþÆöì˜îû ²Ìîy£ ‡Ýþyëû !m ö›îû& ¼y›öì„þîû 
›y˜ £Éy¢ þ™yëûÐ

H3C
H2
C Cl

£zíy£zœ ö„Ïþyîûy£zvþ

H2C C
H

Cl H2C
H
C Cl+

-

!¦þ˜y£zœ ö„Ïþyîûy£zvþ

39.  xÄy!¢öìÝþyöì˜îû “%þœ˜yëû ¢y£zöì„Ïþyöì²Ìy!þ™öì˜yöì˜îû !möì›îû& ¼y›öì„þîû ›y˜ öî!Ÿ 
ö„þ˜Ú îÄy…Äy „þîûÐ

vþz_îûéôôôé ”%!Ýþ !›íy£zœ @ùÌ&öìþ™îû +I ²Ì¦þyî  !e«ëûy „þîûyëû œ!¸þ !möì›îû& ¼y›öì„þîû ›y˜ 
„þyîÅ̃ – x!:öì‹˜ !”öì„þ !e«ëûyŸ#œ šþöìœ xÄy!¢öìÝþyöì̃ îû ~„þ!Ýþ !˜!”ÅÜT !möì›îû& ¼y›öì„þîû 
›y˜ xyöìŠéÐ !„þlsþ  xÄy!¢öìÝþyöì˜îû  ~£z !möì›îû& ¼y›öì„þîû ›y˜ ¢y£zöì„Ïþyöì²Ìy!þ™öì˜yöì˜îû 
“%þœ˜yëû „þ› „þyîû’ ¢y£zöì„Ïþyöì²Ìy!þ™öì˜yöì˜ „þyîÅ˜éôéx!:öì‹öì˜îû þ™y£zéôéîõþöì˜îû £zöìœ„þÝþÆ˜ 
x!:öì‹˜îû vþzþ™îû ßþiy˜yhsþ!îû“þ £çëûyëû x!:öì‹˜ þ™îû›y’% }’yd„þ xy•y˜ ~î‚ „þyîÅ˜ 
þ™îû›y’% •˜yd„þ xy•y˜@ùÌßþi £ëû !„þlsþ „þyîÅ˜ þ™îû›y’% •˜yd„þ xy•y˜@ùÌßþi £çëûyëû 
¢y£zöì„Ïþyöì²Ìy!þ™˜ x‚öìŸ „þyîÅ˜éôé„þyîÅ˜ !mîõþöì˜îû þ™y£zéôé£zöìœ„þÝþÆ˜ ¢y£zöì„Ïþyöì²Ìy!þ™˜ 
îœöìëû ßþiy˜yhsþîû ‡öìÝþ ~î‚ xÄyöìîûy›Äy!Ýþ„þ öëïöì† þ™!îû’“þ £ëûÐ ~£z¦þyöìî }’yd„þ ç 
•˜yd„þ ßþiyëû#¦þyöìî ßþiy˜yhsþîû ‡Ýþyîû ‹˜Ä xÄy!¢öìÝþyöì̃ îû “%þœ˜yëû ¢y£zöì„Ïþyöì²Ìy!þ™öì̃ yöì̃ îû 
!möì›îû& ¼y›öì„þîû ›y˜ öî!ŸÐ



O

H3C

CH3
O

xÄy!¢öìÝþy˜                                     ¢y£zöì„Ïþyöì²Ìy!þ™öì˜y˜

O O
+ _

O

+ _
O

+

_
O
_o+

xÄyöìîûy›Äy!Ýþ„þ

40. !¢¢éôé1–2éôévþy£zöì„Ïþyöìîûy£z!í˜ ç ÝþÆyªéôé1–2éôévþy£zöì„Ïþyöìîûy£z!íöì˜îû ›öì•Ä !möì›îû& 
¼y›öì„þîû ›yöì˜îû “%þœ˜y „þîûÐ

vþz_îûéôôôé !¢¢éôé1–2éôévþy£zöì„Ïþyöìîûy£z!íöì˜ ”%!Ýþ C–Cl ~îû îõþ˜ ¼y›„þ ~„þ£z !”öì„þ 
!e«ëûyŸ#œ xíÅyê ”%!Ýþ C–Cl ~îû îõþ˜ ¼y›„þ ²Ìyëû 60o ö„þy’ „þöìîû xîßþiy˜ „þöìîûÐ 
~£z „þyîûöì’ ”%!Ýþ C–Cl ~îû îõþ˜ ¼y›öì„þîû œ!¸þ ¼y›öì„þîû x!¦þ›%… vþz£yöì”îû ›yGþ 
îîûyîîû !e«ëûy „þöìîûÐ šþöìœ !¢¢éôé1–2éôévþy£zöì„Ïþyöìîûy£z!í˜ x’%!Ýþ •Ê&î#ëû ²Ì„,þ!“þîû £ëûÐ 
C–Cl ~îû îõþ˜ ¼y›„þ ~„þ£z !”öì„þ !e«ëûyŸ#œ xíÅyê ”%!Ýþ C–Cl ~îû îõþ˜ ¼y›„þ 
²Ìyëû 60o ö„þy’ „þöìîû xîßþiy˜ „þöìîûÐ

C C

H

Cl Cl

H

!¢¢éôé1–2éôévþy£zöì„Ïþyöìîûy£z!í˜

xþ™îû þ™öìÇþ ÝþÆyªéôé1–2éôévþy£zöì„Ïþyöìîûy£z!íöì̃ îû ”%!Ýþ C–Cl ~îû îõþ˜ ¼y›„þ þ™îûßþ™îû 
!îþ™îû#“þ !”öì„þ !e«ëûyŸ#œ xíÅyê ”%!Ýþ C–Cl ~îû îõþ˜ ¼y›„þ ²Ìyëû 180o ö„þy’ 
„þöìîû xîßþiy˜ „þöìîûÐ ~£z „þyîûöì’ £z£yîû œ!¸þ ¼y›öì„þîû ›y˜ Ÿ)˜ÄÐ

C C

H

Cl H

Cl

ÝþÆyªéôé1–2éôévþy£zöì„Ïþyöìîûy£z!í˜¢

41. £y£zöìvÈþyöì‹˜ îõþ˜ îœöì“þ „þ# öîyGþÚ xhsþƒ xy’!î„þ ~î‚ xyhsþƒxy’!î„þ 
£y£zöìvÈþyöì‹˜ îõþöì˜îû ¢‚Kþy ”yçÐ £y£zöìvÈþyöì‹˜ îõþöì˜îû Ÿ“Åþ öœ…Ð

vþz_îûéôôôé£y£zöìvÈþyöì‹˜ ë…˜ x!•„þ“þîû “þ!vþüê }’yd„þ ö›ïœ öë›˜ F, O, N 
SîÄ!“þe«› ö„Ïþyîûyœ £y£zöìvÈþÝþV ~îû ¢öìD ë%_« íyöì„þ “þ…˜ x!•„þ“þîû “þ!vþüê }’yd„þ 
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O
H

N
O

O

xöìíÅyéôé˜y£zöìÝþÆyöìšþ˜œ
xyhsþƒxy’!î„þ £y£zöìvÈþyöì‹˜ îõþöì˜éôé
~„þ£z xíîy !¦þ§¬ ‹y“þ#ëû öëïöì†îû ~„þy!•„þ x’%îû ›öì•Ä †!àþ“þ £y£zöìvÈþyöì‹˜ 
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£öì“þ £öìî xíÅyê þ™îû›y’%!Ýþîû vþzþ™îû „þ› „þöìîû ~„þöì‹yvþüy !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü 
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vþz_îûéôôôé H2Oéôé~îû x’%öì“þ £y£zöìvÈþyöì‹˜ þ™îû›y’% x!•„þ“þîû “þ!vþüê }’yd„þ 
ö›ïœ x!:öì‹˜ þ™îû›y’%îû ¢öìD ë%_« íyöì„þÐ H2O ~îû x˜%=!œ xyhsþƒxy’!î„þ 
£y£zöìvÈþyöì‹˜ îõþöì˜îû ›y•Äöì› ¢‚=!˜“þ xîßþiyëû íy„þyîû šþöìœ ¢y•yîû’ xîßþiyëû 
~!Ýþ “þîûœÐ !„þlsþ H2S ~îû x’%öì“þ £y£zöìvÈþyöì‹˜ þ™îû›y’% „þ› “þ!vþüê }’yd„þ •›Å# 
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43. þ™Äyîûyéôé˜y£zöìÝþÆy öšþ˜öìœîû “%þœ˜yëû xöìíÅyéôé˜y£zöìÝþÆyöìšþ˜œ öî!Ÿ vþzmyëû#Ð 
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„þîûyëû ~îûy !î!FŠé§¬ xîßþiyëû íyöì„þÐ ~£z „þyîûöì’ þ™Äyîûyéôé˜y£zöìÝþÆy öšþ˜öìœîû “%þœ˜yëû 
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45. H2SO4 ~îû “%þœ˜yëû H3PO4 ßþ³%þÝþ˜y‚„þ ç ¢yw“þy xöì˜„þ öî!ŸÐ 
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46. ‹œ ‹öì› îîûöìšþ þ™!îû’“þ £öìœ xyëû“þöì˜ îyöìvþü ö„þ˜Ú
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47. CuSO4. 5H2O SîÏ$éôé!¦þ!ÝþÆëûœV ö„þœy¢öì„þ vþz_® „þîûöìœ ²Ìí› ‰þyîû x’% 
ö„þœy¢ ‹œ ¢£öì‹£z xþ™¢y!îû“þ £ëû !„þlsþ öŸ¡ì ‹öìœîû x’% xþ™¢yîû’ „þîûöìœ 
x!•„þ “þyþ™›yeyîû ²Ìöìëûy‹˜ £ëûÐ îÄy…Äy „þîûÐ
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48. xy’!î„þ „þÇþ„þ “þöì_´îû vþzöìÍÔÄ…öìëy†Ä ÷î!ŸÜT SSalient features of 
Molecular Orbital theoryV öœ…Ð
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xy’!î„þ „þÇþ„þ “þ_´ ²Ì„þyŸ „þöìîû˜Ð xy’!î„þ „þÇþ„þ  “þ_´!Ýþ þ™yîû›y˜!î„þ „þÇþöì„þîû 
÷îû!…„þ ¢›§ºöìëûîû SLinear Combination of Atomic OrbitalV ~îû çþ™îû 
!¦þ!_ „þöìîû ²Ì!“þ!Ûþ“þ £öìëûöìŠé îöìœ£z ~£z “þ_´!Ýþöì„þ SLCAO–MOVV “þ_´ îöìœÐ 
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iii. þ™yîû›y˜!î„þ „þÇþöì„þîû ÷îû!…„þ ¢›§ºëû vþzêþ™§¬ xy’!î„þ „þÇþöì„þîû xöì•Å„þ 
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iv. xy’!î„þ „þÇþöì„þîû xy„,þ!“þ !˜¦Åþîû „þöìîû öë ¢î þ™yîû›y˜!î„þ „þÇþöì„þîû 
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vi. xy’!î„þ „þÇþ„þ=!œöì“þ £zöìœ„þÝþÆ˜ þ™)!“Åþ ¢îÅ”y£z xyvþzšþîyvþz !˜!“þ– þ™yvþz!œîû 
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49. þ™yîû›y˜!î„þ „þÇþ„þ ç xy˜!î„þ „þÇþöì„þîû þ™yíÅ„þÄ öœ…Ð
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50. ¦þÄyœª îuþ “þc ç xy’!î„þ „þÇþ„þ “þöì_´îû þ™yíÅ„þÄ öœ…Ð
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51. !˜Á¬!œ!…“þ x’% ç xyëû˜=!œîû îõþ˜ e«› !˜’Åëû „þîûÐ

H2– He2– He2+1– Li2
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”%!Ýþ 1S „þÇþöì„þîû ÷îû!…„þ ¢›§ºöìëû vþzêþ™§¬ ”%!Ýþ xy’!î„þ „þÇþ„þ σ1S ~î‚ σ•1S 
†àþ˜ „þöìîûÐ σ1S ~î‚ σ•1S ~îû ›öì•Ä σ1S Ÿ!_« ›yey „þ›Ð

1S 1S

H H

A.O. A.O.

H2

MO

1S

1S

E

1S1 1S1

îõþ˜ e«› SB.O.V = 2
î!uþ‚ £zöìœ„þÝþÆ̃  ¢‚… Äy éôé xÄy!rÝþ î!uþ‚ £öz ìœ„þÝþÆ̃  ¢‚… Äy

îy B.O. = 2
b aN N

îy B.O. = 
2 0

2


îy B.O. = 1
He2 ~îû †àþ˜ ƒ
He– þ™îû›y’%îû £zöìœ„þÝþÆ˜ !î˜Äy¢ ƒ 1S2

”%!Ýþ 1S „þÇþöì„þîû ÷îû!…„þ ¢›§ºöìëû vþzêþ™§¬ ”%!Ýþ xy’!î„þ „þÇþ„þ σ1S ~î‚  
σ•1S †àþ˜ „þöìîûÐ σ1S ~î‚ σ•1S ~îû ›öì•Ä σ1S Ÿ!_« ›yey „þ›Ð He2 x’%îû 
xy’!î„þ „þÇþ„þ £zöìœ„þÝþÆ˜ !î˜Äy¢ Sσ1S)

2 Sσ•1SV
2

1S

He He

A.O. A.O.

He2

MO

1S

1S

1S

E

1S2 1S2



He2 x’%îû xy’!î„þ „þÇþ„þ Ÿ!_« ›yey

îõþ˜ e«› SB.O.V = 2
î!uþ‚ £zöìœ„þÝþÆ̃  ¢‚… Äy éôé xÄy!rÝþ î!uþ‚ £öz ìœ„þÝþÆ̃  ¢‚… Äy

îy B.O. = 2
b aN N

îy B.O. = 
2 2

2


îy B.O. = 0
”%!Ýþ He þ™îû›y’%îû ›öì•Ä ö„þy˜ îõþöì˜îû x!hßþc ö˜£zÐ
“þy£z He2 x’%îû x!hßþc ö˜£zÐ
He2

+1 ~îû †àþ˜ ƒ
He– þ™îû›y’%îû £zöìœ„þÝþÆ˜ !î˜Äy¢ ƒ 1S2

He+ –þ™îû›y’%îû £zöìœ„þÝþÆ˜ !î˜Äy¢ ƒ 1S1

”%!Ýþ 1S „þÇþöì„þîû ÷îû!…„þ ¢›§ºöìëû vþzêþ™§¬ ”%!Ýþ xy’!î„þ „þÇþ„þ σ1S ~î‚  
σ•1S †àþ˜ „þöìîûÐ σ1S ~î‚ σ•1S ~îû ›öì•Ä σ1S Ÿ!_« ›yey „þ›Ð He2

+ x’%îû 
xy’!î„þ „þÇþ„þ £zöìœ„þÝþÆ˜ !î˜Äy¢ Sσ1SV

2 Sσ•1SV1

1S

He+ He

A.O. A.O.

He2
+

MO

1S

1S

1S

1S1 1S2

E

He2
+ x’%îû xy’!î„þ „þÇþ„þ Ÿ!_« ›yey

îõþ˜ e«› SB.O.V = 2
î!uþ‚ £zöìœ„þÝþÆ̃  ¢‚… Äy éôé xÄy!rÝþ î!uþ‚ £öz ìœ„þÝþÆ̃  ¢‚… Äy

îy B.O. = 2
b aN N

îy B.O. = 
2 1
2


îy B.O. = 0.5
He2

+ xyëûöì˜îû x!hßþc xyöìŠéÐ
Li2 ~îû †àþ˜ ƒ
Li ~îû £zöìœ„þÝþÆ˜ !î˜Äy¢ 1S22S1

Li2 ~îû ö›yÝþ £zöìœ„þÝþÆ˜ ¢‚…Äy = 3 + 3 = 6
Li2 ~îû xy’!î„þ „þÇþ„þ £zöìœ„þÝþÆ˜ !î˜Äy¢ Sσ1SV

2 Sσ•1SV
2 Sσ2SV

2 Sσ•2SV
0

1S2

Li Li

A.O. A.O.

Li2

MO

1S

1S

1S2

2S1
1S

1S

2S1

1S22S1 1S22S1

E

Li2 x’%îû xy’!î„þ „þÇþ„þ Ÿ!_« ›yey

îõþ˜ e«› SB.O.V = 2
î!uþ‚ £zöìœ„þÝþÆ̃  ¢‚… Äy éôé xÄy!rÝþ î!uþ‚ £öz ìœ„þÝþÆ̃  ¢‚… Äy

îy B.O. = 2
b aN N

 

îy B.O. = 
4 2

2


îy B.O. = 1



¢%“þîûy‚ Li2 x’%îû îyhßþî x!hßþc xyöìŠé ~î‚ ”%!Ýþ Li þ™îû›y’%îû  ›öì•Ä ~„þ 
îõþ˜ î“Åþ›y˜

52. !˜Á¬!œ!…“þ x’% ç xyëû˜=!œîû xy’!î„þ „þÇþ„þ Ÿ!_« ›yey ö”…yç ~î‚ 
îõþ˜ e«› ç ‰%þÁº„þ •›Å ëy‰þy£z „þîûÐ

i. N2– N2+–
ii. O2– O2

+– O2
–é– O2—

vþz_îûéôôôé N2 ~îû ö›yÝþ £zöìœ„þÝþÆ˜ ¢‚…Äy = 7 + 7 = 14
O2 ~îû xy’!î„þ „þÇþ„þ £zöìœ„þÝþÆ˜ !î˜Äy¢ Sσ1SV

2 Sσ•1SV
2 Sσ2SV

2 Sσ•2SV
2 

Sπ2pxV
2 Sπ2p7V

2 Sπ2pzV
2

îõþ˜ e«› SB.O.V = 2
î!uþ‚ £zöìœ„þÝþÆ̃  ¢‚… Äy éôé xÄy!rÝþ î!uþ‚ £öz ìœ„þÝþÆ̃  ¢‚… Äy

îy B.O. = 2
b aN N

 

îy B.O. = 
8 2

2


îy B.O. = 3
”%!Ýþ ˜y£zöìÝþÆyöì‹˜ þ™îû›y’%îû ›öì•Ä !eîõþ˜ î“Åþ›y˜Ð
öëöì£“%þ x’%!Ýþöì“þ ö„þy˜ xë%@Â £zöìœ„þÝþÆ˜ ö˜£zÐ x“þ~î ~!Ýþ vþyëûy›Äy†öì˜!Ýþ„þÐ

N NN2

2S22P3 2S22P3

AO MO AO

2S

2S

2Px 2Px

2Pz


2Px 

2Px

2Pz

2S 2S

2P2P

E

N2 x’%îû xy’!î„þ „þÇþ„þ Ÿ!_« ›yey
ii. 52. !˜Á¬!œ!…“þ x’% ç xyëû˜=!œîû xy’!î„þ „þÇþ„þ Ÿ!_« ›yey ö”…yç 

~î‚ îõþ˜ e«› ç ‰%þÁº„þ •›Å ëy‰þy£z „þîûÐ
i. N2– N2+–
ii. O2– O2

+– O2
–é– O2—

vþz_îûéôôôé N ~îû £zöìœ„þÝþÆ˜ !î˜Äy¢ 1S22S22P3

N2 ~îû ö›yÝþ £zöìœ„þÝþÆ˜ ¢‚…Äy = 7 + 7 = 14
N2 ~îû  xy’!î„þ „þÇþ„þ £zöìœ„þÝþÆ˜ !î˜Äy¢ Sσ1SV

2 Sσ•1SV
2 Sσ2SV

2 Sσ•2SV
2 

Sπ2pxV
2 Sπ2p7V

2 Sπ2pzV
2

îõþ˜ e«› SB.O.V = 2
î!uþ‚ £zöìœ„þÝþÆ̃  ¢‚… Äy éôé xÄy!rÝþ î!uþ‚ £öz ìœ„þÝþÆ̃  ¢‚… Äy

îy B.O. = 2
b aN N

îy B.O. = 
8 2

2


îy B.O. = 3
”%!Ýþ ˜y£zöìÝþÆyöì‹˜ þ™îû›y’%îû ›öì•Ä !eîõþ˜ î“Åþ›y˜Ð
öëöì£“%þ x’%!Ýþöì“þ ö„þy˜ xë%@Â £zöìœ„þÝþÆ˜ ö˜£zÐ x“þ~î ~!Ýþ vþyëûy›Äy†öì˜!Ýþ„þÐ

N NN2

2S22P3 2S22P3

AO MO AO

2S

2S

2Px 2Px

2Pz


2Px 

2Px

2Pz

2S 2S

2P2P

E



N2 x’%îû xy’!î„þ „þÇþ„þ Ÿ!_« ›yey
N2

+ †àþ˜ ƒ
N ~îû £zöìœ„þÝþÆ˜ !î˜Äy¢ 1S22S22P3

N2
+ ~îû ö›yÝþ £zöìœ„þÝþÆ˜ ¢‚…Äy = 7 + 7 – 1 = 13

N2
+ ~îû xy’!î„þ „þÇþ„þ £zöìœ„þÝþÆ˜ !î˜Äy¢ Sσ1SV

2 Sσ•1SV
2 Sσ2SV

2 Sσ•2SV
2 

Sπ2pxV
2 Sπ2p7V

2 Sπ2pzV
1

îõþ˜ e«› SB.O.V = 2
î!uþ‚ £zöìœ„þÝþÆ̃  ¢‚… Äy éôé xÄy!rÝþ î!uþ‚ £öz ìœ„þÝþÆ̃  ¢‚… Äy

îy B.O. = 2
b aN N

îy B.O. = 
7 2

2


îy B.O. = 2.5
N2

+ xyëûöì˜ ”%!Ýþ ˜y£zöìÝþÆyöì‹˜ þ™îû›y’%îû ›öì•Ä îõþ˜ ÷”‡ÅÄ N2 xöìþ™Çþy öî!ŸÐ
öëöì£“%þ x’%!Ýþöì“þ ~„þ!Ýþ xë%@Â £zöìœ„þÝþÆ̃  î“Åþ›y˜Ð x“þ~î ~!Ýþ þ™Äyîûy›Äy†öì̃ !Ýþ„þÐ

N NN2
+

2S22P3 2S22P3

AO MO AO

2S

2S

2Px 2Px

2Pz


2Px 

2Px

2Pz

2S 2S

2P2P

E

N2
+ xyëûöì˜îû xy’!î„þ „þÇþ„þ Ÿ!_« ›yey

ii. O2 ~îû †àþ˜ ƒ
O ~îû £zöìœ„þÝþÆ˜ !î˜Äy¢ 1S22S22P4

O2 ~îû ö›yÝþ £zöìœ„þÝþÆ˜ ¢‚…Äy = 8 + 8 = 16
O2 ~îû xy’!î„þ „þÇþ„þ £zöìœ„þÝþÆ˜ !î˜Äy¢ Sσ1SV

2 Sσ•1SV
2 Sσ2SV

2 Sσ•2SV
2 

Sπ2pzV
2 Sπ2pxV

2 Sπ2pyV
2 Sπ•2pxV

1 Sπ•2pyV
1 Sπ•2pzV

îõþ˜ e«› SB.O.V = 2
î!uþ‚ £zöìœ„þÝþÆ̃  ¢‚… Äy éôé xÄy!rÝþ î!uþ‚ £öz ìœ„þÝþÆ̃  ¢‚… Äy

îy B.O. = 2
b aN N

îy B.O. = 
10 6

2


îy B.O. = 2

O O2 O

1S22S22P4 1S22S22P4

AO MO AO

1S 1S

2S 2S

2P 2P

E

1S

1S

2S

2S

2pz

2Px2Py

*2px *2px

2pz

O2 xyëûöì˜îû xy’!î„þ „þÇþ„þ Ÿ!_« ›yey
O2

+ ~îû †àþ˜ ƒ
O ~îû £zöìœ„þÝþÆ˜ !î˜Äy¢ 1S22S22P4

O2
+ ~îû ö›yÝþ £zöìœ„þÝþÆ˜ ¢‚…Äy = 8 + 7 = 15



O2 ~îû xy’!î„þ „þÇþ„þ £zöìœ„þÝþÆ˜ !î˜Äy¢ Sσ1SV
2 Sσ•1SV

2 Sσ2SV
2 Sσ•2SV

2 
Sπ2pzV

2 Sπ2pxV
2 Sπ2pyV

2 Sπ•2pxV
1 Sπ•2pyV

0 Sπ•2pzV
0

îõþ˜ e«› SB.O.V = 2
î!uþ‚ £zöìœ„þÝþÆ̃  ¢‚… Äy éôé xÄy!rÝþ î!uþ‚ £öz ìœ„þÝþÆ̃  ¢‚… Äy

îy B.O. = 2
b aN N

îy B.O. = 
10 5

2


îy B.O. = 2.5

O + O

1S22S22P3 1S22S22P4

AO MO AO

1S 1S

2S 2S

2P 2P

E

1S

1S

2S

2S

2pz

2Px2Py

*2px

2pz

*2py

o2
+

O2
+ xyëûöì˜îû xy’!î„þ „þÇþ„þ Ÿ!_« ›yey

O2
– ~îû †àþ˜ ƒ

O ~îû £zöìœ„þÝþÆ˜ !î˜Äy¢ 1S22S22P4

O2
– ~îû ö›yÝþ £zöìœ„þÝþÆ˜ ¢‚…Äy = 8 + 8 + 1 = 17

O2 ~îû xy’!î„þ „þÇþ„þ £zöìœ„þÝþÆ˜ !î˜Äy¢ Sσ1SV
2 Sσ•1SV

2 Sσ2SV
2 Sσ•2SV

2 
Sπ2pzV

2 Sπ2pxV
2 Sπ2pyV

2 Sπ•2pxV
1 Sπ•2pyV

0 Sπ•2pzV
0

îõþ˜ e«› SB.O.V = 2
î!uþ‚ £zöìœ„þÝþÆ̃  ¢‚… Äy éôé xÄy!rÝþ î!uþ‚ £öz ìœ„þÝþÆ̃  ¢‚… Äy

îy B.O. = 2
b aN N

îy B.O. = 
10 7

2


 
îy B.O. = 1.5

O- O

1S22S22P5 1S22S22P4

AO MO AO

1S 1S

2S 2S

2P 2P

E

1S

1S

2S

2S

2pz

2Px2Py

*2px

2pz

*2py

o2
-

O2
–é xyëûöì˜îû xy’!î„þ „þÇþ„þ Ÿ!_« ›yey

O2
2– ~îû †àþ˜ ƒ

O ~îû £zöìœ„þÝþÆ˜ !î˜Äy¢ 1S22S22P4

O2
2– ~îû ö›yÝþ £zöìœ„þÝþÆ˜ ¢‚…Äy = 8 + 8 + 2 = 18

O2 ~îû xy’!î„þ „þÇþ„þ £zöìœ„þÝþÆ˜ !î˜Äy¢ Sσ1SV
2 Sσ•1SV

2 Sσ2SV
2 Sσ•2SV

2 
Sπ2pzV

2 Sπ2pxV
2 Sπ2pyV

2 Sπ•2pxV
1 Sπ•2pyV

0 Sπ•2pzV
0

îõþ˜ e«› SB.O.V = 2
î!uþ‚ £zöìœ„þÝþÆ̃  ¢‚… Äy éôé xÄy!rÝþ î!uþ‚ £öz ìœ„þÝþÆ̃  ¢‚… Äy

îy B.O. = 2
b aN N



îy B.O. = 
10 8

2


îy B.O. = 1.0

O-1

1S22S22P3 1S22S22P4

AO MO AO

1S 1S

2S 2S

2P 2P

E

1S

1S

2S

2S

2pz

2Px2Py

*2px

2pz

*2py

O-1 O2
2-

O2
2– xyëûöì˜îû xy’!î„þ „þÇþ„þ Ÿ!_« ›yey

MCQ

1. vþy£zöìîyöìîû˜ öëïöì† ö¢“%þ îõþ˜#îû ‹˜Ä îÄî£*“þ £zöìœ„þÝþÆ˜ ¢‚…Äy– WBJEE–13
A) 6  B) 2
C) óó  D) 4

2.  NO2– NO2
+ ~î‚ NO2 éôéöì„þ O–N–O îõþ˜# ö„þyöì˜îû î,!kþîû e«›y˜%¢yöìîû 

¢y‹yöìœ þ™yçëûy ëyëûéôé WBJEE–ò13
A) NO2

+ < NO2
+ < NO2

– B) NO2 < NO2
– < NO2

+

C) NO2
+ < NO2

– < NO2 D) NO2
–  < NO2

+ < NO2
+

3. ˜#öì‰þîû ö„þy˜ ö‹yvþüy!Ýþ þ™îûßþ™îû xy£zöì¢yÞÝþyîûéôé

A) N2O ~î‚ CO2 B) NO2 ~î‚ CO2

C) CO ~î‚ CO2 D) NO ~î‚ NO2

4. ˜#öì‰þîû ö„þy˜ x’%!Ýþîû †àþ˜ !eöì„þy’#ëû ¢›“þœ#ëûéôé
A) H2O B) BF3
C) NH3 D) PCl3

5.  ˜#öì‰þîû ö„þy˜ x’%!Ýþîû öÇþöìe îõþ˜ ö„þy˜ ¢îÅ!˜Á¬éôé
A) H2O B) BF3
C) NH3 D) PH3

6.  NO3
–– NO2

+ ç NH4
+ ~ Néôéþ™îû›y’%îû ¢‚„þîûyëûöì˜îû ²Ì„,þ!“þ ëíye«öì›éôé 

AIEEE–11
A) SP2, SP, SP3 B) SP, SP3, SP2

C) SP2, SP3, SP2 D) SP, SP2, SP2

7.  !˜Á¬!œ!…“þ ö„þy˜!Ýþîû îõþ˜éôé÷ì”öì‡ÅÄîû ›y˜ ¢îÅ!˜Á¬
A) SP2, SP, SP3 B) SP, SP3, SP2

C) SP2, SP3, SP2 D) SP, SP2, SP3

8.  ˜#öì‰þîû ö„þy˜!Ýþîû †àþ˜ Téôéxy„,þ!“þéôé
A) NH3 B) PCl5
C) ClF3 D) CO3

2–

9.  ˜#öì‰þîû ö„þy˜!Ýþîû †àþ˜ xÜT“þœ„þ#ëûéôé
A) NH3 B) PCl5
C) ClF3 D) SF6

10.  ̃ #öì‰þîû ö„þy˜!Ýþîû †àþ˜ ¢îûœ÷ìîû!…„þéôé
A) CO2 B) PCl5
C) ClF3 D) SF6

11. ˜#öì‰þîû ö„þy˜!Ýþîû †àþ˜ !eöì„þy˜#ëû !m!þ™îûy!›vþ#ëûéôé
A) CO2 B) PCl5
C) ClF3 D) SF6



12. ˜#öì‰þîû ö„þy˜!Ýþîû †àþ˜ î†Åéôé¢›“þœ#ëû
A) XeF4 B) PCl5
C) ClF3 D) SF6

13. ˜#öì‰þîû ö„þy˜!Ýþîû †àþ˜ î†Åéôé!þ™îûy!›)þ#ëû
A) IF5 B) PCl5
C) IF7 D) SF6

14. ˜#öì‰þîû ö„þy˜!Ýþîû ¢îöì‰þöìëû öî!Ÿ ¢›öìëy‹# •›Å î“Åþ›y˜
A) KF B) KCl
C) KI D) KBr

15. ˜#öì‰þîû ö„þy˜!Ýþîû oyîÄ“þy £zíy£zœ xÄyœöì„þy£öìœ ¢îöì‰þöìëû öîŸ#éôé
A) KF B) KCl
C) KI D) KBr

16. ˜#öì‰þîû ö„þy˜!Ýþîû ßþiy!ëûc ¢îöì‰þöìëû „þ›éôé
A) PbCl4 B) SnCl4
C) PbI4 D) FeCl3

17. ˜#öì‰þîû ö„þy˜!Ýþöì“þ xhsþƒxy’!î„þ £y£zöìvÈþyöì‹˜ îõþ˜# î“Åþ›y˜éôé
A) H2O B) HF
C) CH3CH2OH D) xöìíÅyéôé˜y£zöìÝþÆy öšþ˜œ

18. ˜#öì‰þîû ö„þy˜!Ýþîû xÁÔ•›Å#“þy ¢îöì‰þöìëû öîŸ#

A) xöìíÅyéôé˜y£zöìÝþÆy öšþ˜œ B) öšþ˜œ
C) ö›Ýþyéôé˜y£zöìÝþÆy öšþ˜œ D) þ™Äyîûyéôééôé˜y£zöìÝþÆy öšþ˜œ

19. ˜#öì‰þîû •y“þî „þyîÅöì˜öìÝþîû “þyþ™#ëû ßþiy!ëûöìcîû ¢!àþ„þ e«› £œéôé
A) BeCO3 < MgCO3 < CaCO3 < BaCO3  
B) MgCO3 < BeCO3 < CaCO3 < BaCO3
C) BeCO3  < CaCO3 < MgCO3 < BaCO3
D) BeCO3 < MgCO3 < BaCO3 < CaCO3

20. ˜#öì‰þîû ö„þy˜!Ýþ î’Å  £œ%”éôé
A) AgF B) AgCl
C) PbCl2 D) AgI

21. ˜#öì‰þîû ö„þy˜ “þíÄ!Ýþ ¢!àþ„þéôé

A) SnCl2 ¢›öìëy‹# ~î‚ SnCl4 “þ!vþüê öëy‹#
B) SnCl2 “þ!vþüê öëy‹# ~î‚ SnCl4 ¢›öìëy‹#
C) SnCl2 ¢›öìëy‹# ~î‚ SnCl4 ¢›öìëy‹#
D) SnCl2 “þ!vþüê öëy‹# ~î‚ SnCl4 “þ!vþüê öëy‹#

22. NaCl ö„þœyöì¢ Na+ ç Cl– ~îû ö„þyéôéx!vÅþöì˜Ÿ˜ ¢‚…Äy £œéôé
A) 6–6 B) 8–8
C) 8–4 D) 4–4

23. CsCl ö„þœyöì¢ Cs+ ç Cl– ~îû ö„þyéôéx!vÅþöì˜Ÿ˜ ¢‚…Äy £œéôé
A) 6–6 B) 8–8
C) 8–4 D)4–4

24. CaF2 ö„þœyöì¢ Ca2
+ ç Féôé ~îû ö„þyéôéx!vÅþöì˜Ÿ˜ ¢‚…Äy £œéôé

A) 6–6 B) 8–8
C) 8–4 D) 4–4

25. ZnS ö„þœyöì¢ Zn2
+ ç S2

– ~îû ö„þyéôéx!vÅþöì˜Ÿ˜ ¢‚…Äy £œéôé
A) 6–6 B) 8–8
C) 8–4 D)4–4

26. H2O– F2O– ç Cl2Oôéx:y£zvþ=!œîû îõþ˜ ö„þyöì’îû î,!kþîû e«›y˜%¢yîû £œéôé
A) H2O < F2O < Cl2O B) H2O < F2O < Cl2O
C) H2O < F2O < Cl2O D) F2O < H2O < Cl2O

27. NH3– PH3 ç PF3ôé £y£zvÈþy£zvþ=!œîû îõþ˜ ö„þyöì’îû î,!kþîû e«›y˜%¢yîû £œéôé
A) NH3 < PH3 < PF3 B) NH3 < PF3 < PH3
C) PH3 < NH3 < PF3 D) PH3 < PF3 < NH3

28. NH3– NF3 ç H2O –öëï†=!œîû vþy£zöìþ™yœ ö›yöì›öìrÝþîû î,!kþîû e«›y˜%¢yîûéôé
A) NH3 < NF3 < H2O B) NF3 < NH3 < H2O
C) NH3 < H2O < NF3 D) NH3 < H2O < NF3

29. O2– O2
+– O2

–1– O2
–2 – £z£yöì”îû îõþ˜ ÷”öì‡ÅÄîû î,!kþîû e«›y˜%¢yîûéôé

A) O2 < O2
+ < O2

–1 < O2
–2 B) O2

+ < O2 < O2
–1 < O2

–2

C) O2+ < O2
–1 <  O2 < O2

–2 D) O2 < O2
+ < O2

–1 < O2
–2



30. O2– O2
+– O2

–1– O2
–2 – £z£yöì”îû ›öì•Ä ö„þy˜!Ýþ !“þîûŸ‰)þÁº„þ#ëû

A) O2 B) O2
+

C) O2
–1 D) O2

–2

MCQ Ans

 1.(D)  2.(D) 3. (A) 4.(C) 5.(D) 6.(A) 7. A 8. (C) 9.(D) 10. 
(A) 11.(C) 12. (A) 13.(A) 14.(C) 15.(C) 16.(C) 17.(D)18.(D) 
19.(A) 20.(D) 21.(B) 22. (A) 23.(B) 24.(C) 25.(D) 26.(D) 
27.(C) 28.(B) 29.(D) 30.(D)

!m“þ#ëû x•Äyëû

PéôéîÏ„þ– ö›ïœ ¢›)£

1. Ga ~îû “%þœ˜yëû Al ~îû þ™yîû›y˜!î„þ îÄy¢y•Å î,£_îû îÄy…Äy „þîûÐ

vþz_îûéôôôé Al ~îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ 3s23P13d0 ~î‚ Ga ~îû 
öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ 3d103s23P1Ð 3d vþzþ™„þöìÇþîû xyîîû’# ²Ì¦þyî 
3s ç 3P vþzþ™„þÇþ xöìþ™Çþy „þ›Ð šþöìœ 3d vþzþ™„þöìÇþîû £zöìœ„þÝþÆöì˜îû ¢› ¢‚…y„þ 
öì²ÌyÝþ˜ !˜vþz!„Ïþëûyöì¢ ²ÌöìîŸ „þîûyëû !˜vþz!„Ïþëûyöì¢îû „þyëÅ„þîû# xy„þ¡ìÅ’ îœ î,!kþ þ™yëûÐ 
xþ™îûþ™öìÇþ Al ~îû 3d vþzþ™„þÇþ!Ýþ xþ™)’ÅÐ ~£z „þyîûöì’ Ga ~îû ö‰þöìëû Al ~îû 
þ™yîû›y˜!î„þ îÄy¢y•Å î,£_îûÐ

2. Al ~îû xyëû˜ !î¦þî Mg xöìþ™Çþy „þ› ö„þ˜Ú

vþz_îûéôôôé xÄyœ%!›!˜ëûyöì›îû £zöìœ„þÝþÆ˜ !î˜Äy¢ 1S2 2S2 2P6 3S23P1

¢%“þîûy‚ ¦)þ!›hßþöìîû xÄyœ%!›!˜ëûyöì›îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ 3S2 
3Px

1 3Py
0 3Pz

0

xþ™îûþ™öìÇþ ›Äy†öì˜!¢ëûyöì›îû £zöìœ„þÝþÆ˜ !î˜Äy¢ 1S2 2S2 2P6 3S2

¢%“þîûy‚ ¦)þ!›hßþöìîû ›Äy†öì˜!¢ëûyöì›îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ 3S2 

3Px
0 3Py

0 3Pz
0

›Äy†öì˜!¢ëûyöì›îû “,þ“þ#ëû þ™ëÅyöìëûîû @ùÌ&öìþ™ IIA SGr.–2Véôé~ ~î‚ xÄyœ%!›!˜ëûy› 
“,þ“þ#ëû þ™ëÅyöìëûîû @ùÌ&öìþ™ IIIB SGr–13V ~ xî!ßþi“þÐ ö¢£z !£¢yöìî xÄyœ%!›!˜ëûyöì›îû 
“%þœ˜yëû ›Äy†öì̃ !¢ëûyöì›îû xyëû̃ ˜ !î¦þöìîîû ›y˜ „þ› £çëûy vþz!‰þ“þÐéôé ›Äy†öì̃ !¢ëûyöì›îû 
îy£zöìîûîû £zöìœ„þÝþÆ˜!Ýþ 3S vþzþ™„þöìÇþ xî!ßþi“þÐ 3S vþzþ™„þÇþ!Ýþ þ™!îûþ™)’Å ~î‚ ë%@Â 
£çëûyëû x!•„þ !ßþi!“þŸ#œ“þy œy¦þ „þöìîûÐ šþöìœ 3S vþzþ™„þÇþ öíöì„þ ~„þ!Ýþ £zöìœ„þÝþÆ˜ 
!î“þy!vþü“þ „þîûöì“þ “%þœ˜y›%œ„þ¦þyöìî x!•„þ Ÿ!_«îû ²Ìöìëûy‹˜ £öìîÐ xþ™îû!”öì„þ 
xÄyœ%!›!˜ëûyöì›îû îy£zöìîûîû „þöìÇþîû £zöìœ„þÝþÆ˜!Ýþ 3P vþzþ™„þöìÇþ xþ™)’Å xîßþiyëû íyöì„þÐ 



šþöìœ ~!Ýþ „þ› !ßþi!“þŸ#œ ~î‚ £zöìœ„þÝþÆ˜!Ýþ !î“þy!vþü“þ „þîûöì“þ xöìþ™Çþy„,þ“þ „þ› 
Ÿ!_«îû ²Ìöìëûy‹˜ £ëûÐ “þy£z xÄyœ%!›!˜ëûyöì›îû “%þœ˜yëû ›Äy†öì˜!¢ëûyöì›îû xyëû˜˜ 
!î¦þöìîîû ›y˜ öî!ŸÐ

3. B, Al, Ga, In, Tl ö›ïœ=!œîû xyëû˜ !î¦þöìîîû î,!kþîûéôée«›y˜%¢yöìîû ¢y‹yç 
ç îÄy…Äy „þîûÐ

vþz_îûéôôôé B, Al, Ga, In, Tl ö›ïœ=!œîû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ 
!˜öìÁ¬ ²Ì”_ £œÐ

B–2S22P1,
Al–3S23P1,
Ga–4S24P1,
In–5S25P1,
Tl–6S26P1

öîyîûöì˜îû xy„þyîû ¢îöì‰þöìëû Ç%þo“þ› £çëûyëû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜öì„þ 
£z£yîû !˜vþz!„Ïþëûy¢ “þ#îÊ “þ!vþüê xy„þ¡ìÅ’ îœ myîûy •öìîû öîûöì…öìŠéÐ @ùÌ&þ™ îîûyîîû 
vþzþ™îû ˜#öì‰þîû !”öì„þ x@ùÌ¢îû £öìœ þ™îû›y’%îû xy„þyîû î,!kþ þ™yçëûyëû öëy‹Ä“þy „þöìÇþîû 
£zöìœ„þÝþÆöì˜îû ²Ì!“þ !˜vþz!„Ïþëûyöì¢îû xy„þ¡ìÅ’ îœ ”%îÅœ £çëûyëû xyëû˜˜ !î¦þöìîîû ›y˜ 
£Éy¢ öþ™öì“þ íyöì„þÐ xyîyîû Ga ç In ~îû öÇþöìe d vþzþ™„þÇþ!Ýþ ~î‚ Tl ~îû d  
ç f vþz¦þëû vþzþ™„þÇþ ”%!Ýþ þ™!îûþ™)’Å íyöì„þÐ d ç f „þÇþöì„þîû xyîîû’# ²Ì¦þyî ”%îÅœ 
£çëûyëû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜öì„þ !˜vþz!„Ïþëûy¢ “þ#îÊ îœ !”öìëû xy„þ¡ìÅ’ „þöìîû 
šþöìœ öëy‹Ä“þy „þÇþ öíöì„þ £zöìœ„þÝþÆ˜ !î“þy!vþü“þ „þîûöì“þ öî!Ÿ Ÿ!_«îû ²Ìöìëûy‹˜ £ëûÐ  
Tl ~îû öÇþöìe œÄysþiy˜y£zvþ ¢öìBþy‰þöì˜îû šþöìœ xy„þyîû …%î £Éy¢ þ™yëû ~£z „þyîûöì’ 
íÄy!œëûyöì›îû ²Ìí› xyëû˜˜ !î¦þöìîîû ›y˜ Al, Ga ~î‚ In xöìþ™Çþy öî!Ÿ £ëûÐ 
Al ~îû ö‰þöìëû Ga ~îû xy„þyîû Ç%þo“þîû £çëûyëû Al ~îû “%þœy˜yëû Ga ~îû xyëû˜˜ 
!î¦þöìîîû ›y˜ î,£_îûÐ ¢%“þîûy‚ xyëû˜˜ !î¦þöìîîû î,!kþîû e«›

In< Al<Ga<Tl<B

4. !˜!Ü;þëû ö‹yvþü ²Ì¦þyî îœöì“þ „þ# öîyGþÚ

vþz_îûéôôôé þ™ëÅyëû ¢yîû!’îû P îÏöì„þîû xhsþ†Å“þ @ùÌ&þ™éôé13 SIIIBV öíöì„þ @ùÌ&þ™ 
éôé15 SVBV ~îû ö›ïœ ¢›)£ ëyöì”îû ¢y•yîû’ £zöìœ„þÝþÆ˜ !î˜Äy¢ £œ ns2np1–3Ð 
@ùÌ&öìþ™îû vþzþ™îû öíöì„þ  ˜#öì‰þîû !”öì„þ x@ùÌ¢îû £çëûyîû ¢öìD ns2 ~îû £zöìœ„þÝþÆ˜ ö‹yvþü 

îûy¢yëû!˜„þ¦þyöìî !˜!Ü;þëû £öìëû þ™öìvþüÐ ns2 ~îû £zöìœ„þÝþÆ˜ ö‹yvþü îûy¢yëû!˜„þ¦þyöìî 
!˜!Ü;þëû £çëûyîû ²Ìî˜“þyöì„þ !˜!Ü;þëû ö‹yvþü ²Ì¦þyî îöìœÐ

5. Tl+3 xyëû˜ xöìþ™Çþy Tl+1 xyëû˜ x!•„þ ¢%!ßþi“þ îÄy…Ä the „þîûÐ

vþz_îû Tl þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ 6S26P1 ~î‚ Tl+3 
ç Tl+1 xyëûöì˜îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆöì˜îû !î˜Äy¢ ëíye«öì› 6S06P0 ~î‚ 
6S+26P0Ð !˜!Ü;þëû ²Ì¦þyöìîîû ‹˜Ä Tl þ™îû›y’%îû 6S ~îû ”%!Ýþ £zöìœ„þÝþÆ˜ îûy¢yëû!˜„þ 
!î!e«ëûyëû x‚Ÿ @ùÌ£’ „þîûöì“þ ‰þyëû ˜yÐ “þy£z ö„þîœ›ye 6P ~îû ~„þ!Ýþ £zöìœ„þÝþÆ˜ 
îûy¢yëû!˜„þ !î!e«ëûyëû x‚Ÿ @ùÌ£’ „þöìîûÐ šþöìœ Tl+3 xyëû˜ xöìþ™Çþy Tl+1 xyëû˜ 
x!•„þ ¢%!ßþi!“þ œy¦þ „þöìîûÐ

6. öîyîû˜ ~„þ!Ýþ ö„þœy¢y„þyîû „þ!àþ˜ þ™”yíÅÐ îÄy…Äy „þîûÐ

vþz_îûéôôôé öîyîûöì˜îû xy„þyîû Ç%þo £çëûyëû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆöì˜îû ²Ì!“þ 
!˜vþz!„Ïþëûyöì¢îû xy„þ¡ìÅ’ îœ “þ#îÊ“þîû £ëû ~î‚ x•y“þî ‰þ!îûe œy¦þ „þöìîûÐ öîyîû˜ 
¢›öìëy‹# îõþöì˜îû ›y•Äöì› î,£”y„þyîû þ™!œ›yîû îû*öìþ™ xîßþiy˜ „þîûyëû ~!Ýþ „þ!àþ˜ 
þ™”yíÅ ~î‚ vþzF‰þ †œ˜y‚„þÐ

7.  öîyîû˜ ˜y£zÝþÆy£zvþöì„þ x÷ì‹î @ùÌyšþy£zÝþ îœy £ëû ö„þ˜Ú

vþz_îûéôôôé öîyîû̃  ˜y£zÝþÆy£zvþ ö„þœyöì¢îû †àþ˜ @ùÌyšþy£zöìÝþîû ö„þœyöì¢îû x %̃îû*þ™Ð öîyîû̃  
˜y£zÝþÆy£zvþ ö„þœyöì¢ öîyîû˜ ~î‚ ˜y£zöìÝþÆyöì‹öì˜îû ›öì•Ä !mîõþ˜ î“Åþ›y˜ ~î‚ C–N 
îõþ˜ ÷”‡ÅÄ @ùÌyšþy£zöìÝþîû C–C îõþ˜ ÷”‡ÅÄîû x˜%îû*þ™Ð öîyîû˜ ˜y£zÝþÆy£zvþ ö„þœyöì¢îû 
†àþ˜ ¡ìvþü¦%þ‹y„,þ!“þ ~î‚ ~„þ!Ýþ hßþîû xþ™îû ~„þ!Ýþ hßþöìîûîû ›öì•Ä ”%îÅœ ¦þÄy¨yîûëûyœ¢ 
îœ myîûy •öìîû öîûöì…öìŠéÐ @ùÌyšþy£zöìÝþîû †àþöì˜îû ¢öìD öîyîû˜ ˜y£zÝþÆy£zvþ †àþöì˜îû ¢y”,ŸÄ 
íy„þyëû öîyîû˜ ˜y£zÝþÆy£zvþöì„þ x÷ì‹î @ùÌyšþy£zÝþ îœy £ëûÐ
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öîyîû˜ ˜y£zÝþÆy£zvþ ö„þœyöì¢îû †àþ˜

@ùÌyšþy£zöìÝþîû ö„þœy¢

8. BF3, BCl3, BBr3, BI3– ~îû œ%£z¢ xÄy!¢vþ •öì›Åîû î,!kþîû e«›y˜%¢yöìîû 
¢y‹yç ~î‚ îÄy…Äy „þîûÐ

vþz_îûéôôôé BF3, BCl3, BBr3, BI3 x’%=!œîû ö„þw#ëû þ™îû›y’% öîyîûöì˜îû 
öëy‹Ä“þy „þöìÇþ 6 !Ýþ £zöìœ„þÝþÆ˜ î“Åþ›y˜Ð “þy£z xÜT„þ þ™%îûöì˜îû “þy!†öì” £zöìœ„þÝþÆ˜ 
@ùÌ£’ „þîûöì“þ ‰þyëûÐ ~£z „þyîûöì’ ~!Ýþ ~„þ!Ýþ œ%£z¢ Çþyîû„þ !£öì¢öìî „þy‹ „þöìîûÐ xyîyîû 
F– Cl– Br–I ~îû “þ!vþüê }’yd„þ“þyîû e«› F > Cl > Br >I ö¢£z !£öì¢öìî 
BF3, BCl3, BBr3, BI3 ~îû xÄy!¢vþ •öì›Åîû e«› BF3 > BCl3 > BBr3 > 

BI3 £çëûy vþz!‰þ“þÐ !„þlsþ BF3, BCl3, BBr3, BI3 ~îû xÄy!¢vþ •öì›Åîû e«› 
BF3 < BCl3 < BBr3 < BI3 „þyîû’ B ~îû 2P vþzþ™EþöìŸîû xy„þyîû F ~îû 2P 
vþzþ™EþöìŸîû xy„þyöìîûîû ²Ìyëû x˜%îû*þ™ £çëûyëû 2Péôé2P þ™)’Å ›yeyëû x!¦þöìœ²À £çëûyëû 
šÏ$þ!îû˜ þ™îû›y˜vþzîû xÜT„þ þ™)!“Åþ ¢Á™)’Å¦þyöìî ‡öìÝþ šþöìœ šÏ$þ!îû˜ þ™îû›y’%îû îy£zöìîû öíöì„þ 
£zöìœ„þÝþÆ˜ ö˜çëûyîû ²Ìî’“þy £Éy¢ þ™yëûÐ !„þlsþ Cl ~îû 3P– Br ~îû 4P ~î‚ I ~îû 
5P ~îû xy„þyîû 2P ~îû xy„þyöìîûîû “%þœ˜yëû î,£_îû £çëûyëû x!¦þöìœöì²Àîû ›yey Cl 
öíöì„þ I þ™ëÅhsþ £Éy¢ öþ™öì“þ íyöì„þÐ šþöìœ £zöìœ„þÝþÆ˜~îû ‡!R“þ þ™)îûöì’îû e«› Cl > Br 
> IÐ ¢%“þîûy‚ £zöìœ„þ“þîû’ @ùÌ£’ „þîûyîû î,!kþîû e«› BF3 < BCl3 < BBr3 < BI3

B F

F

F

 Bond

B Cl

Cl

Cl

 Bond

2P 2P 2P

3P

BF3 ~î‚ BCl3 ~îû þ™Øþyê îõþ˜

B

Br

Br


Bond

Br B

I

I



I

2P

4P

2P

5P

Bond

BBr3 ~î‚ BI3 x’%îû þ™Øþyê îõþ˜



9. BCl3 vþy£z›yîû †àþ˜ „þöìîû ˜y !„þlsþ AlCl3 vþy£z›yîû †àþ˜ „þöìîûÐ îÄy…Äy „þîûÐ

vþz_îûéôôôé öîyîûöì˜îû xy„þyîû Ç%þoy„,þ!“þ £çëûyëû ‰þyîû!Ýþ öì„Ïþy!îû˜ þ™îû›y’%öì„þ öîyîûöì˜îû 
‰þ“%þ!”Åöì„þ !‡öìîû îõþöì˜ !œ® £öì“þ þ™yöìîû ˜yÐ „þyîû’ vþy£z›yîû †àþ˜ „þyöìœ öîyîû˜öì„þ 
!‡öìîû ‰þyîû!”öì„þ ‰þyîû!Ýþ öì„Ïþy!îû˜ þ™îû›y’% xîßþiy˜ „þîûöì“þ £öìîÐ !„þlsþ Al ~îû xy„þyîû 
xöìþ™Çþy„,þ“þ îvþü £çëûyëû ‰þyîû!Ýþ öì„Ïþy!îû˜ þ™îû›y’% ¢£öì‹£z Al þ™îû›y’%îû ¢öìD ‰þyîû!Ýþ 
öì„Ïþy!îû˜ þ™îû›y’% îõþöì˜ !œ® £öì“þ þ™yöìîûÐ ~£z „þyîûöì’ BCl3 vþy£z›yîû †àþ˜ „þöìîû 
˜y !„þlsþ AlCl3 vþy£z›yîû †àþ˜ „þöìîûÐ

Al Al

Cl

Cl

Cl

Cl

Cl

Cl

10.  x˜yoÅ AlCl3 ¢›öìëy‹# !„þlsþ £y£zöìvÈþöìÝþvþ AlCl3 “þ!vþüêöìëy‹# îÄy…Äy „þîûÐ

vþz_îûéôôôéšþÄy‹yöì˜îû ¢%ey˜%ëyëû# Al+3 xyëûöì˜îû xy„þyîû Ç%þo ~î‚ xy•yöì˜îû 
þ™!îû›y’ x!•„þ íy„þyîû „þyîûöì’ Cl– öì„þ ¢£öì‹£z •Ê&îy!ëû“þ „þîûöì“þ þ™yöìîûÐ ~£z „þyîûöì’ 
x˜yoÅ AlCl3 ¢›öìëy‹# xþ™îûþ™öìÇþ £y£zöìvÈþöìÝþvþ AlCl3 “þ!vþüêöìëy‹# „þyîû’ £z£yîû 
£y£zöìvÈþŸ˜ ~˜íÄyœ!þ™îû ›y˜ vþzF‰þ“þîû £çëûyëû Al ~îû xyëû˜˜ !î¦þöìîîû ›y˜öì„þ 
x!“þe«› „þöìîû xíÅyê Al þ™îû›y’% öíöì„þ Al+3 xyëû˜ †àþöì˜îû ‹˜Ä ²Ìöìëûy‹˜#ëû 
Ÿ!_« £y£zöìvÈþŸ˜ ~˜íÄyœ!þ™ öíöì„þ œy¦þ „þîûöì“þ þ™yöìîûÐ ~£z „þyîûöì’ £y£zöìvÈþöìÝþvþ 
AlCl3 “þ!vþüêöìëy‹#Ð

Al2Cl6 +  6H2O 2 [ Al (H2O)6] Cl3  [ Al (H2O)6]+3(aq.)+ 6Cl- ( aq)

11. ¢îöì‰þöìëû „þ!àþ˜“þ› þ™”yöìíÅîû ˜y› öœ…Ð

vþz_îûéôôôé öîyîû˜ „þyîÅy£zvþ

12. öîyîûöì˜îû !˜ëû“þy„þyîû îû*þ™öì¦þöì”îû †àþ˜ öœ…Ð

vþz_îûéôôôé !˜ëû“þy„þyîû öîyîû˜ !“þ˜ ²Ì„þyîû
aV α éôé îûöìÁºyöì£vÈþyœ
bV β éôéîûöìÁºyöì£vÈþyœ

cV öÝþÝþÆyöì†y˜yœ
!„þlsþ ¢„þœ ²Ì„þyîû !˜ëû“þy„þyîû öîyîûöì˜  B12 xy£zöì„þy¢yöì£vÈþyœ ~„þ„þ î“Åþ›y˜Ð

B

B

B

B

B

B

B

B

B

B

B B

B12 Icosahedral

13. öîyîûyöì:îû ‹œ#ëû oî’ Çþyîû•›Å# ö„þ˜Ú îÄy…Äy „þîûÐ öîyîûyöì:îû †àþ˜ öœ…Ð

vþz_îûéôôôé öîyîûy: ‹œ#ëû oîöì’ xyoÅ!îöìÙÕ!¡ì“þ £öìëû ›,”% xÄy!¢vþ îû*öìþ™ öîy!îû„þ 
xÄy!¢vþ ~î‚ “þ#îÊ Çþyîû îû*öìþ™ ö¢y!vþëûy› £y£zöìvÈþy:y£zvþ vþzêþ™§¬ „þöìîûÐ öëöì£“%þ 
‹œ#ëû oîöì’ H+ xyëûöì˜îû “%þœ˜yëû OH– xyëûöì˜îû †y‘þüc xöì˜„þ öî!ŸÐ “þy£z 
‹œ#ëû oî’ Çþyîû •›Å# £öìîÐ îûy¢yëû!˜„þ ¢›#„þîû’éôôôé

 Na2B4O7   +  7 H2O 2NaOH   +   4H3BO3

Na+ OH-+

O
B
O

B O
B

O
B

HO

OH

OH

OH

O

-

-

öîyîûyöì:îû †àþ˜



14. !@Õ¢yîûöìœîû vþzþ™!ßþi!“þöì“þ öîy!îû„þ xÄy!¢vþ “þ#îÊ xÄy!¢vþîû*öìþ™ „þy‹ „þöìîû 
ö„þ˜Ú

vþz_îûéôôôé öîy!îû„þ xÄy!¢vþ ‹œ#ëû oîöì’ ~„þ!Ýþ ›,”% xÄy!¢vþ îû*öìþ™ xy‰þîû’ 
„þöìîûÐ !@Õ¢yîûöìœîû vþzþ™!ßþi!“þöì“þ öîy!îû„þ xÄy!¢öìvþîû !îöìëûy‹˜ ›yey î,!kþ þ™yëû „þyîû’ 
!@Õ¢yîûöìœîû ¢öìD öîy!îû„þ xÄy!¢öìvþîû !î!e«ëûyëû ~„þ!Ýþ ßþiyëû# !‰þöìœÝþ öëï† vþzêþ™§¬ 
„þöìîûÐ šþöìœ öîy!îû„þ xÄy!¢öìvþîû !îöìëûy‹˜ ¢y›Äîßþiy vþy˜!”öì„þ ¢öìîû ëyëûÐ ~£z 
„þyîûöì’ !@Õ¢yîûöìœîû vþzþ™!ßþi!“þöì“þ öîy!îû„þ xÄy!¢vþ “þ#îÊ xÄy!¢vþ îû*öìþ™ „þy‹ „þöìîûéôôôé

H3BO3 + H2O H+ + B(OH)4
-

OH

OH

OH

HO

HO

HO

B(OH)4
-

+ +
O

O

OH

O

O

HO

B
-[ ] H+

îûy¢yëû!˜„þ ¢›#„þîû’

15. öîyîûy:öì„þ vþz_® „þîûöìœ ÷… ~îû ›“þ š%þöìœ vþzöìàþ ö„þ˜Ú

vþz_îûéôôôé öîyîûy:öì„þ vþz_® „þîûöìœ öîyîûy: ›•Äßþi ö„þœy¢ ‹œ öî!îûöìëû xyöì¢ 
îöìœ öîyîûy: ÷… ~îû ›öì“þy š%þöìœ çöìàþÐ

Na2B4O7.10H2O Na2B4O7 + 10H2Oheat

16. öîyîûy:öì„þ „þ#¦þyöìî ¢˜y_«„þîû˜ „þîûy £ëûÐ

öîyîûy:öì„þ £zíy˜œ ç ¢yœ!šþvþz!îû„þ ¢£öìëyöì† ~„þ!Ýþ öÝþÞÝþ !Ýþvþzöìî !˜öìëû vþz_® 
„þîûöìœ öÝþÞÝþ !Ýþvþzöìîîû ›%… !”öìëû ~„þ!Ýþ †Äy¢ !˜†Å“þ £ëûÐ †Äy¢!Ýþöì„þ ²ÌI μ!œ“þ 
„þîûöìœ †Äy¢!Ýþ ¢î%‹ !Ÿ…yëû ‹ μœöì“þ íyöì„þÐ ~£z þ™îû#Çþyîû ¢y£yöìëÄ öîyîûy:öì„þ 
¢˜y_« „þîû˜ „þîûy £ëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

Na2B4O7   +  H2SO4   + 5 H2O Na2SO4 + H3BO3

CH3CH2 OH   +   H3BO3 B (OCH2CH3)3 + 3H2O

heat

heat

17. öîyîûy: î#vþ þ™îû#Çþy „þ#Ú ~£z þ™îû#Çþyëû „þþ™yîû– xyëûîû˜ ~î‚ ö„þyîyÎÝþ 
œî’=!œ !„þîû*þ™ î’Å •yîû’ „þöìîûÐ

vþz_îûéôôôé ~„þ!Ýþ ²Õy!Ýþ˜y› “þyîûöì„þ „%þ[þœ# SloopV „þöìîû “þy¤îû ›öì•Ä îîûyöì:îû 
ö„þœy¢ !˜öìëû vþz_® „þîûöìœ îîûy: ÷… ~îû š%þöìœ vþzöìàþ ~„þ!Ýþ î’Å£#˜ ßþºFŠé =!Ýþ 
÷“þ!îû „þöìîûÐ ~£z =!Ýþ!Ýþîû vþzþ™îû þ™îû#Çþy x•#˜ œî’ !˜öìëû þ™%˜îûyëû vþz_® „þîûöìœ 
ßþºFŠé î’Å›ëû =!Ýþ vþzêþ™§¬ „þöìîûÐ ~£z =!Ýþîû î’Å ö”öì… „þþ™yîû– xyëûîû˜ ç „þîyœ“þ 
œî’ ¢˜y_«„þîû’ „þîûy £ëûÐ

Na2B4O7.10H2O Na2B4O7 + 10H2Oheat

Na2B4O7.10H2O Na2B4O7 + 10H2O
heat

Na2B4O7
heat

NaBO2 + B2O32

öîyîûy: î#vþ
„þþ™yîû œîöì’îû ¢öìD !î!e«ëûy ƒ

CuSO4.5H2O CuSO4 +   5H2O

2CuSO4 2CuO + 2SO2 + O2

‹yîû’ !Ÿ…yëû ƒ

CuO + B2O3 Cu(BO2)2

„þþ™yîû ö›ÝþyöìîyöìîûÝþ– ˜#œ !î‹yîû’ !Ÿ…yëû ƒ
Cu(BO2)2  +   C Cu + B2O3 + CO

„þþ™yîû ö›ÝþyöìîyöìîûÝþ–                œyœ



xyëûîû˜ œîöì’îû ¢öìD !î!e«ëûy ƒ

FeSO4.7H2O
heat

FeSO4 + 7H2O

FeSO4 Fe2O3 + SO2 + O2

‹yîû’ !î!e«ëûy ƒ

Fe2O3 + 3B2O3 2Fe(BO2)3

!î‹yîû’ !Ÿ…yëû ƒ

Fe(BO2)3 Fe(BO2)2 + B2O3+ C + CO

¢î%‹ îöì’Åîû
öšþîûy¢ ö›ÝþyöìîyöìîûÝþ–
ö„þyîyÎÝþ œîöì’îû öÇþöìe ƒ

Co(NO3)2
heat

CoO + NO2 +   O2

‹yîû’  ç !î‹yîû’ !Ÿ…yëû ƒ

CoO   +    B2O3 Co(BO2)2

˜#œ îöì’Åîû
ö„þyîyÎÝþ ö›ÝþyöìîyöìîûÝþ–

18. H3BO3 ö„þ vþz_® „þîûy £œÐ „þ# ‡öìÝþ ¢›#„þîû’¢£ öœ…Ð

vþz_îûéôôôé öîy!îû„þ xÄy!¢vþ ö„þ 100oC “þyþ™›yeyëû vþz_® „þîûöìœ ö›Ýþyöìîy!îû„þ 
xÄy!¢vþ ~î‚ vþzêþ™§¬ ö›Ýþyöìîy!îû„þ xÄy!¢vþ 140oC “þyþ™›yeyëû !˜îû&!”“þ £öìëû 
þ™y£zöìîûyöìîy!îû„þ xÄy!¢vþ vþzêþ™§¬ £ëû ~î‚ þ™y£zöìîûyöìîy!îû„þ xÄy!¢vþ œyœ“þ® vþz_® 
„þîûöìœ öîyîû˜ ÝþÆy£z x:y£zvþ vþzêþ™§¬ £ëûÐ îûy¢yëû!˜„þ ¢›#„þîû’éôôôé

H3BO3 HBO2

4HBO2 H2B4O7

+ H2O

+ H2O

H2B4O7 2B2O3 + H2O

100oC

140oC

red hot

19. öîy!îû„þ xÄy!¢vþ ö„þ „þ#¦þyöìî ¢˜y_«„þîû’ „þîûy £ëûÚ

vþz_îûéôôôé öîy!îû„þ xÄy!¢vþ ö„þ £zíy£zœ xÄyœöì„þy£œ ¢£öìëyöì† vþz_® „þîûöìœ 
ÝþÆy£z£zíy£zœ öîyöìîûÝþ ~î‚ !›íy£zœ xÄyœöì„þy£œ ÝþÆy£z!›íy£zœ öîyöìîûÝþ ˜y›„þ vþzmyëû# 
~ÞÝþyîû vþzêþ™§¬ £ëû ëy îyîû˜yöìîûîû x!m® !Ÿ…yëû ¢î%‹ !Ÿ…yëû ‹ μœöì“þ íyöì„þÐ ~£z 
þ™îû#Çþyîû ¢y£yöìëÄ öîy!îû„þ xÄy!¢vþöì„þ ¢˜y_« „þîû˜ „þîûy £ëûÐ

H3BO3 + 3CH3CH2OH
heat

B(OCH2CH3)3 + 3H2O

ÝþÆy£z£zíy£zœ öîyöìîûÝþ

H3BO3 + 3CH3OH
heat

B(OCH3)3 + 3H2O

ÝþÆy£z!›íy£zœ  öîyöìîûÝþ

20. öîy!îû„þ xÄy!¢vþ öì²ÌyöìÝþy!˜„þ xÄy!¢vþ îû*öìþ™ xy‰þîû’ „þöìîû ˜y ö„þ˜Ú

vþz_îûéôôôé öîy!îû„þ xÄy!¢vþ ~„þ!Ýþ ~„þÇþy!îû„þ ”%îÅœ xÄ!¢vþÐ £z£yîû ²Ìí› !îöìëûy‹˜ 
•Êîöì„þîû ›y˜ …%î Ç%þo £çëûyëû (Ka = 5.8 × 10–10) ‹œ#ëû oîöì’ ~!Ýþ !îöìëûy!‹“þ 
£ëû ˜y îœöìœ£z ‰þöìœ îîû‚ œ%£z¢ xÄ!¢vþ îû&öìþ™ xy‰þîû’ „þöìîûÐ ‹œ !îöìëûy!‹“þ £öìëû 
H+ ~î‚ OH– vþzêþ™§¬ „þöìîûÐ öîy!îû„þ xÄy!¢öìvþîû ö„þw#ëû þ™îû›y’% öîyîûöì̃ îû öëy‹Ä“þy 
„þöìÇþ Šéëû!Ýþ £zöìœ„þÝþÆ˜ î“Åþ›y˜Ð “þy£z xÜT„þ þ™)!“Åþîû “þy!†öì” öîyîû˜ OH– xyëû˜ 
öíöì„þ ”%!Ýþ £zöìœ„þÝþÆ˜ @ùÌ£’ „þöìîû B(OH)4

– xyëû˜ †àþ˜ „þöìîûÐ



H O H H+ + OH

H3BO3 + OH -
B(OH)4

~£z  „þyîûöì’ öîy!îû„þ xÄy!¢vþ öì²ÌyöìÝþy!˜„þ xÄy!¢vþ îû*öìþ™ xy‰þîû’ „þöìîû ˜yÐ

21. ”%!Ýþ xy!ÁÔ„þ þ™”yöìíÅîû !î!e«ëûyëû ~„þ!Ýþ Çþyîû#ëû oî’ vþzêþ™§¬ £ëûÐ vþz”y£îû’ 
”yçÐ

vþz_îûéôôôé þ™Ýþy!¢ëûy› îy£zšÏ$þîûy£zvþ ç öîy!îû„þ xÄy!¢öìvþîû ‹œ#ëû oî’ !›!×“þ 
„þîûöìœ þ™Ýþy!¢ëûy› öÝþÝþÆyšÏ$þöìîûyöìîyöìîûÝþ ~î‚ þ™Ýþy!¢ëûy› £y£zöìvÈþy:y£zvþ vþzêþ™§¬ £ëûÐ 
þ™Ýþy!¢ëûy› £y£zöìvÈþy:y£zvþ “þ#îÊ Çþyîû £çëûyëû ‹œ#ëû oî’ Çþyîû•›Å#Ð

2KHF2 + H3BO3 = KBF4 + KOH + 2H2O

22. vþy£z öîyöìîû˜ ²Ìlßþ!“þîû öë ö„þy˜ ”%!Ýþ þ™kþ!“þ î˜Å˜y „þîûÐ

vþz_îûéôôôé ö¢y!vþëûy› £y£zvÈþy£zvþ myîûy öîyîû˜ ÝþÆy£z šÏ$þîûy£zvþöì„þ !î‹y!îû“þ „þîûöìœ 
vþy£zöìîyöìîû˜ vþzêþ™§¬ £ëûÐ

6NaH    +  2BF3 B2H6 + 6 NaF

 ~Šéyvþüyç öîyîû˜ ÝþÆy£z öì„Ïþyîûy£zvþ îy öîyîû˜ ÝþÆy£z öìîÊy›y£zvþöì„þ £zíyîû oyîöì„þ 
oî#¦)þ“þ „þîûöìœ ~„þ!Ýþ ë%“þ öëï† vþzêþ™§¬ £ëû ëyöì„þ !œ!íëûy› xÄyœ%!›!˜ëûy› £y£zvÈþy£zvþ 
myîûy !î‹y!îû“þ „þîûöìœ x!•„þ ›yeyëû vþy£zöìîyöìîû˜ þ™yçëûy ëyëûÐ

vþy£z@Õy£z› oîöì’ ö¢y!vþëûy› öîyöìîûy£y£zvÈþy£zvþöì„þ xyöìëûy!vþ˜ myîûy ‹y!îû“þ £öìëû 
vþy£zöìîyöìîû˜ vþzêþ™§¬ £ëûÐ

2NaBH4 + I2

Diglyme
B2H6 + 2NaI + H2

Diglyme = CH3–O–CH2CH2–O–CH2CH2–O–CH3

23. öîyîûy!‹˜öì„þ x÷ì‹î öî!O˜ îœy £ëû ö„þ˜Ú öîyîûy!‹˜ !„þîû*öìþ™ ²Ìlßþ“þ 
„þîûöìîÐ

vþz_îûéôôôé öîyîûy!‹˜ ö„þ x÷ì‹î öî!O˜ îœy £ëû „þyîû’ öîyîûy!‹öì˜ x’%öì“þ 
öî!Oöì˜îû x˜%îû*þ™ £zöìœ„þÝþÆ˜ ¢‚…Äy– þ™îû›y’% ¢‚…Äy– îõþ˜ ÷”‡ÅÄ– “þîûœ xîßþiy 
~î‚ ‹Äy!›!“þ„þ †àþ˜ î“Åþ›y˜Ðöîyîûy!‹˜ öî!Oöì˜îû ˜Äyëû oyî„þ !£öì¢öìî îÄî£*“þ 
£ëûÐöîyîûy!‹öì˜ öîyîû˜éôé ˜y£zöìÝþÆyöì‹˜ SB–NV îõþ˜ ÷”‡ÅÄ 1.42 A ëy öî!Oöì˜îû 
„þyîÅ̃ éôé„þyîÅ̃  SC–CV îõþ˜ ÷”öì‡ÅÄîû ¢›y˜Ð öîyîûy!‹öì̃ îû †àþ˜†“þ ç ²Ì„,þ!“þ†“þ !”„þ 
öíöì„þ öî!Oöì˜îû ¢yöìí ¢y”,ŸÄ xyöìŠé îöìœ£z öîyîûy!‹˜ ö„þ x÷ì‹î öî!O˜ îœy £ëûÐ

N

B
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B

N
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H

H

H

H

B
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B

N
B

H

H

H

H

N
H

H
-

-

-

+

+

+

öîyîûy!‹öì˜îû †àþ˜

H

H

H

H

H

H

öî!Oöì˜îû †àþ˜
öîyîûy!‹˜ ²Ìlßþ!“þ

vþy£zöìîyöìîûöì˜îû ¢öìD xÄyöì›y!˜ëûyîû !î!e«ëûyëû ~„þ!Ýþ ë%“þ öëï† vþzêþ™§¬ £ëû ëy 
¢y”y ~î‚ „þ!àþ˜Ð vþzêþ™§¬ „þ!àþ˜ þ™”yíÅöì„þ 100oC “þyþ™›yeyëû vþz_® „þîûöìœ ~„þ!Ýþ 
“þîûœ þ™”yíÅ þ™yçëûy ëyëûÐ ~£z “þîûœ þ™”yíÅ £œ öîyîûy!‹˜Ð



3B2H6   +    6NH3 3 [BH2(NH3)2]+ [BH4]-

Addition Cmpound

B3N3H6   + 12H2

Borazine

24. vþy£zöìîyöìîûöì˜îû †àþ˜ î’Å˜y „þîûÐ

vþz_îûéôôôé vþy£zöìîyöìîûöì˜îû xy’!î„þ ¢‚öì„þ“þ B2H6Ð vþy£zöìîyöìîûöì˜îû Šéëû!Ýþ 
£y£zöìvÈþyöì‹öì˜ ›öì•Ä ‰þyîû!Ýþ £y£zöìvÈþyöì‹˜ þ™îû›y’% ”%!Ýþ öîyîû˜ þ™îû›y’%îû ¢öìD ¢îûy¢!îû 
¢›öìëy‹# ~„þîõþ˜ myîûy ”%£z ²Ìyöìhsþ ë%_« xyöìŠéÐ ~£z ²Ìyhsþ#ëû ‰þyîû!Ýþ £y£zöìvÈþyöì‹˜ 
þ™îû›y’% ~„þ£z ¢›“þöìœ xî!ßþi“þÐ îy!„þ ”%!Ýþ £y£zöìvÈþyöì‹öì˜ þ™îû›y’% ”%!Ýþ öîyîû˜ 
þ™îû›y’%îû ›•Äî“Åþ# ßþiyöì˜ xîßþiy˜ „þöìîûÐ ~£z ”%!Ýþ £y£zöìvÈþyöì‹˜ þ™îû›y’% ²Ìyhsþ#ëû 
£y£zöìvÈþyöì‹˜ þ™îû›y’% öë ¢›“þöìœ xîßþiy˜ „þöìîû ö¢£z “þöìœîû œÁº¦þyöìî xîßþiy˜ 
„þöìîû xíÅyê ~„þ!Ýþ £y£zöìvÈþyöì‹˜ ²Ìyhsþ#ëû £y£zöìvÈþyöì‹˜ þ™îû›y’%îû “þöìœîû vþzþ™öìîû ~î‚ 
x˜Ä“þ£z ˜#öì‰þ xîßþiy˜ „þöìîûÐ ~£z ›•Äî“Åþ# ”%!Ýþ £y£zöìvÈþyöì‹˜ þ™îû›y’% ”%!Ýþ öîyîû˜ 
þ™îû›y’%îû ¢öìD ö¢“%þ îõþ˜ îû‰þ˜y „þöìîû ~î‚ ~£z •îûöì˜îû îõþ˜öì„þ îÄy˜y˜y îõþ˜ 
îöìœ ëy 3C–2e îõþ˜ ˜yöì› þ™!îû!‰þ“þÐ ²Ì!“þ!Ýþ ²Ìyhsþ#ëû öîyîû˜éôé£y£zöìvÈþyöì‹˜ îõþ˜ 
÷”‡ÅÄ 1.19A ~î‚ ›•Äî“Åþ# öîyîû˜éôé£y£zöìvÈþyöì‹˜ îõþ˜ ÷”‡ÅÄ 1.33AÐ !£öì¢î 
x˜%ëyëû#  vþy£zöìîyöìîûöì˜îû x’%öì“þ ö›yÝþ xyÝþ!Ýþ ¢›öìëy‹# îõþ˜ î“Åþ›y˜ ~î‚ ~£z 
xyÝþ!Ýþ îõþöì˜îû ‹˜Ä ö›yÝþ 16!Ýþ £zöìœ„þÝþÆ˜ íy„þy ²Ìöìëûy‹˜ !„þlsþ vþy£zöìîyöìîûöì˜îû 
x’%öì“þ ö›yÝþ 12!Ýþ (2!Ýþ B þ™îû›y’%îû 6!Ýþ £zöìœ„þÝþÆ˜ ~î‚ 6!Ýþ H þ™îû›y’%îû 6!Ýþ 
£zöìœ„þÝþÆ̃ V vþzþ™!ßþi“þÐ ~£z „þyîûöì’ vþy£zöìîyöìîû̃ öì„þ ~„þ!Ýþ £zöìœ„þÝþÆ̃ éôé‡yÝþ!“þë%_« öëï†Ð
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H

H

H

H

1.19A

1.33A

vþy£zöìîyöìîûöì˜ †àþ˜

25. öîy!îû„þ xÄy!¢vþ !„þîû*öìþ™ ²Ìlßþ“þ „þîûy £ëûÚ

vþz_îûéôôôé öîyîûyöì:îû ‹œ#ëû oîöì’ œ‡% HCl öëy† „þöìîû Gþy¤„þyöìœ öîy!îû„þ 
xÄy!¢vþ x•ƒ!Çþ® £ëûÐ x•ƒöìÇþþ™ þ™,í„þ „þîûyîû þ™îû !îÖkþ „þîûy £ëûÐ vþz_îûéôôôé 

öîy!îû„þ xÄy!¢vþ ç £zíy£zœ xÄyœöì„þy£öìœîû !›×’öì„þ öÝþÞÝþ !Ýþvþzöìî !˜öìëû vþz_® 
„þîûöìœ îy˜Åyöìîûîû x”#® !Ÿ…yëû ¢î%‹ !Ÿ…y ¢£ ‹ μœöì“þ íyöì„þ ~£z þ™îû#Çþyîû ¢y£yëÄÐ

Na2B4O7 + HCl NaCl + H3BO3

26. öîy!îû„þ xÄy!¢vþ ç öîyöìîûÝþ œîöì’îû ›öì•Ä !„þ¦þyöìî þ™yíÅ„þÄ „þîûöìîÚ

vþz_îûéôôôé öîy!îû„þ xÄy!¢vþ ç £zíy£zœ xÄyœöì„þy£öìœîû !›×’öì„þ öÝþÞÝþ !Ýþvþzöìî 
!˜öìëû vþz_® „þîûöìœ îy˜Åyöìîûîû x”#® !Ÿ…yëû ¢î%‹ !Ÿ…y ¢£ ‹ μœöì“þ íyöì„þÐ ~£z 
þ™îû#Çþyîû ¢y£yëÄ öîy!îû„þ xÄy!¢vþöì„þ ¢˜y_«„þîû˜ „þîûy £ëûÐ  

x˜Ä ~„þ!Ýþ öÝþÞÝþ !Ýþvþzöìî öîyöìîûÝþ œî’öì„þ †y‘þü H2SO4 ç £zíy£zœ xÄyœöì„þy£œ 
¢£öìëyöì† vþz_® „þîûöìœ öë †Äy¢ !˜†Å“þ £ëû “þy  îy˜Åyöìîûîû x!m® !Ÿ…yëû  ‹ μyœyöìœ 
~“þ£z ¢î%‹ !Ÿ…y ¢£ ‹ μœöì“þ íyöì„þÐ ~£z þ™îû#Çþyîû ¢y£yëÄ öîyöìîûÝþöì„þ ¢˜y_«„þîû˜ 
„þîûy £ëûÐ

H3BO3 + 3CH3CH2OH
heat

B(OCH2CH3)3 + 3H2O

27. xÄyœ%!›!˜ëûy› þ™yöìe †y‘þü HNO3 xÄy!¢vþ îûy…y ëyëû îÄy…Äy „þîûÐ

vþz_îûéôôôé xÄyœ%!›!˜ëûy› þ™yöìe †y‘þü HNO3 xÄy!¢vþ îûy…y ëyëû „þyîû’ †y‘þü HNO3 
~îû ¢öìD Al ~îû !î!e«ëûyëû Al2O3 vþzêþ™§¬ £ëû ëy Al þ™yöìeîû †yöìëû ~„þ!Ýþ ¢%Çþ 
xyhßþîû’ ¢,!ÜT „þöìîûÐ šþöìœ HNO3 xyîû Al ~îû ¢‚ßþ™öìŸÅ xy¢öì“þ þ™yöìîû ˜yÐ

28. öîy!îû„þ xÄy!¢öìvþîû †àþ˜ öœ…Ð

vþz_îûéôôôéöìîy!îû„þ xÄy!¢vþ ~„þ!Ýþ ¢y”y ö„þœy!¢“þ „þ!àþ˜  þ™”yíÅÐ £y£zöìvÈþyöì‹˜ 
îõþöì˜îû ›y•Äöì› öîy!îû„þ xÄy!¢vþ xÜT¦%þ‹y„þyîû îœëû †àþ˜ „þöìîûÐ xÜT¦%þ‹y„þyîû 
îœëû !m›y!e„þ hßþöìîû ¢!I“þ íyöì„þÐ
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29. „þÄy!Ýþöì˜Ÿ˜ •›Å îœöì“þ „þ# öîyGþÚ „þyîÅöì˜îû „þÄy!Ýþöì˜Ÿ˜ •öì›Åîû „þyîû˜ „þ#Ú

vþz_îûéôôôé öë •öì›Åîû ‹˜Ä ö„þy’ ö›yöìœîû þ™îû›y’% ¢›öìëy‹# îõþöì˜îû ›y•Äöì› 
þ™îûßþ™öìîûîû ¢öìD ë%_« £öìëû ~„þ!Ýþ ”#‡ÅÄ Ÿ,Cœ öëï† vþzêþ™§¬ „þöìîû “þyöì„þ£z „þÄy!Ýþöì˜Ÿ˜ 
•›Å îöìœÐ

„þyîÅ˜ „þÄy!Ýþöì˜Ÿ˜ •›Å ²Ì”ŸÅ˜ „þöìîû „þyîû’ „þyîÅöì˜îû xy„þyîû x“þÄhsþ öŠéyÝþ ~î‚ 
îõþ˜ Ÿ!_«îû ›y’ …%î öîŸ#Ð S348 kCAL/moleVÐ

30. C60éôéš%þœy!îûöì˜ ¡ìvþü¦%þ‹ ç þ™Mþé¦%þöì‹îû ¢‚…Äy !˜’Åëû „þîûÐ

vþz_îûéôôôé C60ôéš%þœy!îûöì˜ ¡ìvþü¦%þöì‹îû ¢‚…Äy
1
2
1
2

10
60 10

30 10
20

n 

  

 


!Ýþ

!Ý

!Ý

!Ý
C60éôéš%þœy!îûöì˜ þ™Mþé¦%þöì‹îû ¢‚…Äy = 12!Ýþ

31. C70éôéš%þœy!îûöì˜ ¡ìvþü¦%þ‹ ç þ™Mþé¦%þöì‹îû  ¢‚…Äy !˜’Åëû „þîû

vþz_îûéôôôé C70éôéš%þœy!îûöì˜ ¡ìvþü¦%þöì‹îû ¢‚…Äy

1
2
1
2

10
70 10

35 10
25

n 

  

 


!Ýþ

!Ý

!Ý

!Ý

C70éôéš%þœy!îûöì˜ þ™Mþé¦%þöì‹îû ¢‚…Äy = 12!Ýþ

32. „þyîÅ˜ ›öì˜y:y£zöìvþîû öîûöì‹yöì˜!Ýþ‚ †àþ˜!Ýþ öœ…Ð

vþz_îûéôôôé

C O C O C O

33. çëûyÝþyîû †Äy¢ „þ#Ú ~!Ýþ „þ#¦þyöìî ²Ìlßþ“þ „þîûy £ëûÚ

vþz_îûéôôôé „þyîÅ̃  ›öì̃ y:y£zvþ ç £y£zöìvÈþyöì‹˜ †Äyöì¢îû ¢›xyëû“þ˜ !›×’öì„þ çëûyÝþyîû 
†Äy¢ îöìœÐ çëûyÝþyîû †Äyöì¢ „þyîÅ˜ ›öì˜y:y£zvþ ç £y£zöìvÈþyöì‹˜ †Äy¢ Šéyvþüyç „þyîÅ˜ 
vþy£z x:y£zvþ– ˜y£zöìÝþÆyöì‹˜ ç ¢y›y˜Ä þ™!îû›y’ !›öìí˜ †Äy¢ íyöì„þÐ

1000oC “þyþ™›yeyëû öìÙ»® “þ® ö„þy„þ ‰)þöì’Åîû vþzþ™îû !”öìëû !ÞÝþ› ‰þyœ˜y „þîûöìœ 
„þyîÅ˜ ›öì˜y:y£zvþ ç £y£zöìvÈþyöì‹˜ †Äyöì¢îû !›×’ þ™yçëûy ëyëûÐ ~£z †Äy¢ !›×’öì„þ 
çëûyÝþyîû †Äy¢ îöìœÚ

C + H2O = CO + H2 + “þyþ™

34. îyëû%öì“þ ¢y›y˜Ä þ™!îû›y’ „þyîÅ˜ ›öì˜y:y£zöìvþîû vþzþ™!ßþi!“þ „þ#¦þyöìî ‹y˜y ëyëûÚ

vþz_îûéôôôé £Äyœy›y£zÝþ þ™kþ!“þöì“þ îyëû%öì“þ ¢y›y˜Ä þ™!îû›y’ „þyîÅ˜ ›öì˜y:y£zöìvþîû 
vþzþ™y!ßþi!“þ ‹y˜y ëyëûÐ £Äyœy›y£zÝþ ˜öìœ xyöìëûy!vþ˜ öþ™rÝþ:y£zvþ îûy…y £ëûÐ îyëû% 
‰þyœ˜yîû šþöìœ ˜öìœîû ›öì•Ä „þy‰þ˜œ ë!” öî=!˜ î’Å •yîû’ „þöìîû “þy£öìœ î%Gþöì“þ 
£öìî öë îyëû%öì“þ „þyîÅ˜ ›öì˜y:y£zvþ î“Åþ›y˜Ð

îûy¢yëû!˜„þ ¢›#„þîû’éôôôé I2O5 + CO = I2 + CO2

35. „þëûœyîû vþz˜yöì˜ ˜#œ !Ÿ…y ö”…y ëyëû ö„þ˜Ð

vþz_îûéôôôé „þëûœy ›)œ“þ „þyîÅ˜ myîûy †!àþ“þÐ ”£öì˜îû ¢›ëû  „þëûœyîû  ˜#öì‰þîû ~î‚ 



vþzþ™öìîûîû x‚öìŸîû x!:öì‹öì˜îû ö‹y†y˜ ›•Äî“Åþ# x‚öìŸîû “%þœ˜yëû öî!Ÿ £çëûyîû 
šþöìœ ˜#öì‰þîû ~î‚ vþzþ™öìîûîû x‚öìŸîû „þëûœy ¢Á™)’Å îû*öìþ™ ”£˜ ‡öìÝþÐ !„þlsþ ›•Äî“Åþ# 
x‚öìŸîû xy‚!Ÿ„þ ”£˜ ‡öìÝþÐ ˜#öì‰þîû x‚öìŸîû „þyîÅöì˜îû ¢Á™)’Å ”£öì˜ „þyîÅ˜ vþy£z 
x:y£zvþ vþzêþ™§¬ £ëûÐ ~£z „þyîûöì’ vþy£z x:y£zvþ ›•Äî“Åþ# x!“þ!îû_« „þyîÅ˜ myîûy 
!î‹y!îû“þ £öìëû „þyîÅ˜ ›öì˜y:y£zvþ vþzêþ™§¬ „þöìîûÐ ~£z „þyîÅ˜ ›öì˜y:y£zvþ vþzþ™öìîûîû 
x‚öìŸ x!“þ!îû_« x!:öì‹öì˜îû vþzþ™!ßþi!“þöì“þ „þyîÅ˜ ›öì˜y:y£zvþ ‹y!îû“þ £çëûyîû 
¢›ëû !˜œ !Ÿ…yëû ‹ μöìœÐ „þyîÅ˜ ›öì˜y:y£zöìvþîû ~£zîû*þ™ !˜œ !Ÿ…yîû ‹ μyœyîû „þyîûöì’ 
„þëûœyîû vþz˜%öì˜ !˜œ !Ÿ…yîû vþzêþ™!_ £ëûÐ

C    +  O2 CO2

CO2     +   C 2CO

2CO +  O2 2CO2

36. ö¢yvþyçëûyÝþyöìîûîû öîy“þöìœîû !Šé!þ™ îy „þ„Åþ …%œöìœ î%”î%” çöìàþ ö„þ˜éôé„þyîû˜ 
îÄy…Äy „þîûÐ

vþz_îûéôôôé vþzF‰þ ‰þyöìþ™ „þyîÅ˜ vþy£z x:y£zvþ †Äy¢ àþy[þy ‹öìœ oî#¦)þ“þ „þöìîû 
ö¢yvþyçëûyÝþyîû ²Ìlßþ“þ „þîûy £ëûÐ ö£˜!îûîû ¢)ey˜%¢yöìîû ‰þyþ™ î,!kþ „þîûöìœ ö„þy˜ “þîûöìœ 
x!•„þ ›yeyëû †Äy¢ oî#¦)þ“þ £öì“þ þ™yöìîûÐ ö¢yvþyçëûyÝþyöìîûîû öîy“þöìœîû „þ„Åþ …%œöìœ 
‰þyþ™ „þöì› ëyëû šþöìœ „þyîÅ˜ vþy£zéôéx:y£zvþ †Äy¢ oî’ öíöì„þ öî!îûöìëû xy¢yvþü ¢›ëû 
î%”î%öì”îû ¢,!ÜT £ëû

37. öšþy›y£zÝþ !›×’ !„þÚ

vþz_îûéôôôé ÷“þœ ‡!Ýþ“þ xy=’ ö˜¦þyöì“þ „þyîÅ˜ vþy£z x:y£zvþ †Äy¢ îÄî£yîû „þîûy 
£ëûÐ xÄyœ%!›!˜ëûy› ¢yœöìšþÝþ– ö¢y!vþëûy› îy£z„þyîÅöì˜Ýþ ç œy£zöì„þy!îû¢ !˜ëÅyöì¢îû 
!›×’öì„þ öšþy›y£zÝþ !›×’ îöìœÐ xÄyœ%!›!˜ëûy› ¢yœöìšþöìÝþîû xyoÅ!îöìÙÕ¡ìöì’ vþzêþ™§¬ 
¢yœ!šþvþz!îû„þ xÄy!¢vþ– ö¢y!vþëûy› îy£z„þyîÅöì̃ öìÝþîû ¢öìD !î!e«ëûyëû „þyîÅ̃  vþy£z x:y£zvþ 
†Äy¢ !˜†Å“þ £ëû ëy œy£zöì„þy!îû¢ !˜ëÅy¢¢£ öšþ˜yîû xy„þyöìîû „þyîÅ˜ vþy£z x:y£zvþ 

†Äy¢ ”y£Ä îlßþîû vþzþ™îû þ™öìvþü šþöìœ îy“þy¢ öíöì„þ xy=’öì„þ !î!FŠé§¬ „þöìîûÐ ~£z¦þyöìî 
„þyîÅ˜ vþy£z x:y£zvþ †Äy¢ x!@À !˜îÅyþ™„þ !£öì¢öìî îÄî£*“þ £ëûÐ

AI2(SO4)3 + 6H2O = 2AL(OH)3 + 3H2SO4

6NaHCO3 + 3H2SO4 = 3Na2SO4 + 6CO2 + 6H2O

38. ÖÜñ îîûšþ !„þÐ £z£yîû îÄî£yîû öœ…Ð

vþz_îûéôôôé „þ!àþ˜ „þyîÅ˜ vþy£z x:y£zvþ †Äy¢ ö„þ ÖÜñ îîûšþ îöìœÐ ¢y•yîû’ 
“þyþ™›yeyëû S31oC “þyþ™›yeyëû ˜#öì‰þV „þyîÅ˜ vþy£z x:y£zvþ  †Äy¢öì„þ 40 öíöì„þ 
60 atm ‰þyöìþ™ “þîûöìœ þ™!îû’“þ „þîûy £ëûÐ ~£z “þîûœ „þyîÅ˜ vþy£z x:y£zvþ †Äy¢ o&“þ 
îyÜ™#¦)þ“þ £çëûyîû ¢›ëû ²Ìöìëûy‹˜#ëû œ#˜ “þyþ™ “þîûœ „þyîÅ˜ vþy£z x:y£zvþ †Äy¢ 
öíöì„þ ¢‚@ùÌ£ „þöìîû šþöìœ “þyþ™›yey „þ›öì“þ „þ›öì“þ ~„þ¢›ëû –78oC “þyþ™›yeyëû 
ö˜öì› xyöì¢ ~î‚ „þ!àþ˜ xy„þyîû •yîû’ „þöìîûÐ ~!Ýþ ö”…öì“þ îîûöìšþîû ›öì“þy !„þlsþ 
£y“þ !”öìëû ßþ™ŸÅ „þîûöìœ £y“þ ö¦þ‹yëû ˜y  “þy£z ~£z „þ!àþ˜ „þyîÅ˜ vþy£z x:y£zvþöì„þ 
ÖÜñ îîûšþ îöìœÐ ~!Ýþ !£›yëû„þ îû*öìþ™ îÄî£yîû „þîûy £ëûÐ

39. „þyîÅ˜ öÝþÝþÆyöì„Ïþyîûy£zvþ xyoÅ!îöìÙÕ!¡ì“þ £ëû ˜y !„þlsþ !¢!œ„þ˜ öÝþÝþÆyöì„Ïþyîûy£zvþ 
¢£öì‹£z xyoÅ!îöìÙÕ!¡ì“þ £ëû– îÄy…Äy „þîûÐ

vþz_îûéôôôé „þyîÅ˜ öÝþÝþÆyöì„Ïþyîûy£zvþ xyoÅ!îöìÙÕ!¡ì“þ £ëû ˜y „þyîû’ „þyîÅöì˜îû öëy‹Ä“þy 
„þöìÇþ ö„þy˜ š¤þy„þy dôéx!îÅÝþyœ ö˜£z šþöìœ xyoÅ!îöìÙÕ¡ì’ „þyöìœ „þyîÅöì˜îû öëy‹Ä“þy 
‰þyîûéôé~îû öî!Ÿ £öì“þ þ™yöìîû ˜y xíÅyê „þyîÅ˜ öÝþÝþÆyöì„Ïþyîûy£zvþ öëïöì†îû xyoÅ!îöìÙÕ!¡ì“þ 
£öì“þ £öìœ ~„þ!Ýþ xhsþîÅ“Åþ# •yöìþ™ !eöì„þy’#ëû !m!þ™îûy!›vþ#ëû xy„,þ!“þîû †àþöì˜îû 
›y•Äöì› x@ùÌ¢îû £öì“þ £öìî ëy „þyîÅöì˜îû þ™öìÇþ x¢½þîÐ !„þlsþ !¢!œ„þöì˜îû š¤þy„þy 
déôéx!îÅÝþyœ íy„þyîû šþöìœ xhsþîÅ“Åþ# öëï† !£öì¢öìî !eöì„þy’#ëû !m!þ™îûy!›vþ#ëû xy„,þ!“þ 
†àþ˜ „þîûöì“þ þ™yöìîûÐ

CCl4 + H2O = ö„þy˜ !î!e«ëûy‹y“þ þ™”yíÅ vþzêþ™§¬ £ëû ˜yÐ
SiCl4 + 4H2O = Si(OH)4 + 4HCl
!î!e«ëûyîû „þœy ö„þïŸœ ƒ
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40Ð ÝþÆy£z!›íy£zœ xÄy!›öì˜îû †àþ˜ !þ™îûy!›vþ#ëû !„þlsþ ÝþÆy£z!¢œy£zœ xÄy!›öì˜îû 
†àþ˜ ¢›“þœ#ëûéôé îÄy…Äy „þîûÐ

vþz_îûéôôôé ÝþÆy£z!›íy£zœ xÄy!›˜ ~î‚ ÝþÆy£z!¢œy£zœ xÄy!›öì˜îû †àþ˜ !þ™îûy!›vþ#ëû 
£çëûy vþz!‰þ“þ öëöì£“%þ vþz¦þëû x’%îû ö„þw#ëû þ™îû›y’% ˜y£zöìÝþÆyöì‹öì˜îû vþzþ™îû ~„þöì‹yvþüy 
„þöìîû !˜ƒ¢D £zöìœ„þÝþÆ̃  ö‹yvþü î“Åþ›y˜Ð !„þlsþ ÝþÆy£z!›íy£zœ xÄy!›öì̃ îû †àþ˜ !þ™îûy!›vþ#ëû 
~î‚ ÝþÆy£z!¢œy£zœ xÄy!›öì˜îû †àþ˜ ¢›“þœ#ëû „þyîû’ !¢!œ„þöì˜îû déôéx!îÅÝþyœ íy„þyîû 
„þyîûöì’ ˜y£zöìÝþÆyöì‹˜îû þ™)’Å 2p „þÇþöì„þîû ¢öìD !¢!œ„þöì˜îû 3d „þÇþöì„þîû þ™yŸyþ™y!Ÿ 
SpπéôédπV x!¦þöìœþ™˜ ‡öìÝþ šþöìœ ˜y£zöìÝþÆyöì‹öì˜îû ¢‚„þîûyëû˜ xîßþiy SP2 £ëûÐ 
„þyîÅöì˜îû ö„þy˜ šþy„þy 3d „þÇþ„þ ˜y íy„þyëû ~îû&þ™ ö„þy˜ SpπéôédπV îõþ˜ vþzêþ™§¬ 
£ëû ˜yÐ ~£z „þyîûöì’ ÝþÆy£z!›íy£zœ xÄy!›öì˜îû ¢‚„þîûyëû˜ xîßþiy SP3 ~î‚ x’%îû 
†àþ˜ !þ™îûy!›vþ#ëû
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ÝþÆy£z!›íy£zœ xÄy!›öì˜îû !þ™îûy!›vþ#ëû †àþ˜

41. SnCl2 xöìþ™Çþy PbCl2 Ÿ!_«Ÿyœ# !î‹yîû„þéôé îÄy…Äy „þîûÐ

vþz_îûéôôôé Sn ~î‚ Pb ~îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ ëíye«öì› 
5S25P2 ~î‚ 6S26P2Ð “þy£z !˜!Ü;þëû ö‹yvþü ²Ì¦þyî Sn xöìþ™Çþy Pb ~îû x!•„þ 
„þyëÅ„þîû# £çëûyëû Sn2+ xöìþ™Çþy Pb2+ x!•„þ ¢%!ßþi“þÐ SnCl2– éôé~ Sn ~îû ‹yîû’ 
hßþîû +2 ~î‚ PbCl2 ~îû Pb ~îû ‹yîû’ hßþîû +2Ð ¢%“þîûy‚ Sn+2, Pb+2 xöìþ™Çþy 
¢£öì‹£z Sn+4 éôé~ ‹y!îû“þ £öì“þ þ™yöìîû „þyîû’ Pb+4 xyëû˜!Ýþ Sn+4 xyëû˜ xöìþ™Çþy 
„þ› ¢%!ßþi“þÐ “þy£z SnCl2, PbCl2 xöìþ™Çþy Ÿ!_«Ÿyœ# !î‹yîû„þ þ™”yíÅÐ

41Ð ÝþÆy£z!›íy£zœ xÄy!›öì˜îû Çþyîû#ëû •›Å ÝþÆy£z!¢œy£zœ xÄy!›öì˜îû xöìþ™Çþy öî!Ÿéôé 
îÄy…Äy „þîûÐ 

vþz_îûéôôôéÝþÆy£z!›íy£zœ xÄy!›öì˜îû Çþyîû#ëû •›Å ÝþÆy£z!¢œy£zœ xÄy!›öì˜îû xöìþ™Çþy „þ› 
„þyîû’ !¢!œ„þöì˜îû déôéx!îÅÝþyœ íy„þyîû „þyîûöì’ ˜y£zöìÝþÆyöì‹˜îû þ™)’Å 2p „þÇþöì„þîû ¢öìD 
!¢!œ„þöì̃ îû 3d „þÇþöì„þîû þ™yŸyþ™y!Ÿ SpπéôédπV x!¦þöìœþ™˜ ‡öìÝþ šþöìœ ˜y£zöìÝþÆyöì‹öì̃ îû 
£zöìœ„þÝþÆ˜ ‡˜c £Éy¢ þ™yëû xþ™îû þ™öìÇþ „þyîÅöì˜îû ö„þy˜ šþy„þy 3d „þÇþ„þ ˜y íy„þyëû 
~îû&þ™ ö„þy˜ SpπéôédπV îõþ˜ vþzêþ™§¬ £ëû ˜yÐ šþöìœ ˜y£zöìÝþÆyöì‹˜ !˜ƒ¢D £zöìœ„þÝþÆ˜ 
‹vþü ¢£öì‹£z œ¦þÄ £ëûÐ ~£z „þyîûöì’ œ%£z¢ “þ_´ x˜%¢yöìîû ÝþÆy£z!›íy£zœ xÄy!›öì˜îû 
Çþyîû#ëû •›Å ²Ì”ŸÅ˜ „þöìîûÐ

42. „þyîÅ˜ vþy£z x:y£zvþ †Äy¢ !„þlsþ !¢!œ„þ˜ vþy£z x:y£zvþ „þ!àþ˜ îÄy…Äy „þîûÐ

vþz_îûéôôôé „þyîÅ˜ ~î‚ x!:öì‹˜ þ™îû›y’%îû xy„þyîû ²Ìyëû ¢›y˜Ð “þy£z pπôépπ 
x!¦þöìœþ™˜ myîûy þ™îûßþ™îû !mîõþöì˜ †àþ˜ „þöìîû „þyîÅ˜ “þy¤îû ‰þ“%þöìëÅy‹Ä“þy þ™)’Å „þöìîû 
~î‚ ~„þ„þ x’% !£öì¢öìî xîßþiy˜ „þöìîûÐ xyîyîû „þyîÅ˜ vþy£z x’%îû †àþ˜ ¢îûœ 
÷îû!…„þ £çëûyëû ~!Ýþ ~„þ!Ýþ x•Ê&î#ëû ²Ì„,þ!“þîûÐ šþöìœ „þyîû’ vþy£z x:y£zvþ x˜%=!œ 



þ™îûßþ™îû ¦þÄyuþyîû çëûyœ¢ xy„þ¡ìÅ’ îœ !e«ëûy „þöìîûÐ ~£z „þyîûöì’ ~!Ýþ ~„þ!Ýþ †Äy¢Ð 
xþ™îû þ™öìÇþ !¢!œ„þöì˜îû xy„þyîû îvþü £çëûyëû pπéôépπ x!¦þöìœþ™˜ myîûy þ™îûßþ™îû 
!mîõþöì˜ †àþ˜ „þöìîû ˜y îîû‚ ‰þyîû!Ýþ x!:öì‹˜ þ™îû›y’% ¢›öìëy‹# ~„þîõþöì˜ 
!¢!œ„þ˜ þ™îû›y’%öì„þ !‡öìîû ‰þ“%þ!”Åöì„þ xîßþiy˜ „þöìîû xíÅyê !¢!œ„þ˜ vþy£z x:y£zvþ 
öëïöì† !¢!œ„þöì˜îû ¢‚„þîûyëû˜ xîßþiy SP3Ð !¢!œ„þ˜ vþy£z x:y£zvþ öëïöì† !¢!œ„þ˜ 
‰þ“%þhßþÍñ#ëû †àþöì˜îû ›y•Äöì› x!“þ„þyëû x’% îû*öìþ™ xîßþiy˜ „þöìîûÐ ~£z „þyîûöì’ „þyîÅ˜ 
vþy£z x:y£zvþ †Äy¢ !„þlsþ !¢!œ„þ˜ vþy£z x:y£zvþ „þ!àþ˜Ð „þyîÅ˜ vþy£z x:y£zvþ ç 
!¢!œ„þ˜ vþy£z x:y£zvþ x’%îû †àþ˜ !˜Á¬îû*þ™Ð
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!¢!œ„þ˜ vþy£z x:y£zvþ
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„þyîÅ˜ vþy£z x:y£zvþ

43. !¢!œöì„þy˜ !„þÚ !¢!œöì„þy˜ „þ#¦þyöìî ²Ìlßþ“þ „þîûy £ëûÚ !¢!œöì„þyöì˜îû 
îÄî£yîû öœ…Ð

v þ z_î û é ô ô ô é !¢ !œö ì „ þ y˜  £œ ~„ þ ! Ý þ  ÷‹î !¢ !œ„ þ˜  þ™ !œ›yî û  ë y 
vþy£zöì„Ïþyöìîûyvþy£zxÄyœ!„þœ!¢öìœ˜ xíîy xÄyœ!„þœ ÝþÆy£zöì„Ïþyöìîûy!¢öìœ˜ xíîy ”%!Ýþîû 
!›×öì’ xyoÅ!îöìÙÕ¡ì˜ ‹y“þ þ™”yöìíÅîû þ™!œ›yîûÐ ~£z •îûöì˜îû þ™!œ›yîû „þ!àþ˜ xy„þyîû 
£öì“þ þ™yöìîû xyîyîû “þîûœ ²Ì„,þ!“þîû £öì“þ þ™yöìîûÐ

² Ì lß þ !“ þ é ô é  v þ y£ zö ì„ Ï þ yö ìî û yv þ y£ z !›íy£ zœ!¢ö ìœö ì˜î û  xyo Å !îö ìÙ Õ¡ ìö ì˜ öë 

vþy£z!›íy£zœ!¢öìœ˜vþy£zxœ vþzêþ™§¬ £ëû “¤þyöì”îû xyhsþƒxy’!î„þ !vþ£y£zöìvÈþŸöì˜îû 
šþöìœ !¢!œöì„þy˜ vþzêþ™§¬ £ëûÐ
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!¢!œöì„þy˜
!¢!œöì„þyöì˜îû îÄî£yîû ƒ
i. !¢!œöì„þy˜ !þ™‰þ!Šéœ „þyîû„þ þ™”yíÅ !£öì¢öìî îÄî£yîû „þîûy £ëûÐ
ii. „þ!àþ˜ !¢!œöì„þy˜ „%þþ™!îûîy£# þ™”yíÅ !£öì¢öìî îÄî£yîû „þîûy £ëû
iii. £y£zöìvÈþy!œ„þ öì²Ìöì¢ “þîûœ !£öì¢öìî îÄî£*“þ £ëûÐ
iv. ‹œ öîûy•# öþ™rÝþ !£öì¢öìî ~!Ýþ îÄî£*“þ £ëûÐ

44.  !¢!œöì„þÝþ „þyöì„þ îöìœÚ xöìíÅy!¢!œöì„þÝþ ç þ™y£zöìîûy!¢!œöì„þöìÝþîû ~„þ!Ýþ 
„þöìîû vþz”y£îû’ ”yçÐ

vþz_îûéôôôé öë ¢î öëïöì† xÄy˜yëû˜ îû*öìþ™ ßþº“þsþf ~„þ„þ !£öì¢öìî SiO4
4– @ùÌ&þ™ 

ëy ‰þ“%þhßþÍñ#ëû †àþ˜ !£öì¢öìî î“Åþ›y˜ xíîy £z£yîû ‰þ“%þhßþÍñ#ëû ~„þ„þ =!œ þ™îûßþ™îû 
x!:öì‹˜ þ™îû›y’%îû ¢öìD ë%_« öíöì„þ ~„þ!Ýþ î,£ê xy„þyîû ö„þœy¢ x’% †àþ˜ „þöìîû 
“þyöì„þ ö„þœy¢ †àþ˜ „þöìîû “þyöì”îûöì„þ !¢!œöì„þÝþ îöìœÚ

xöìíÅy!¢!œöì„þÝþ– ~!Ýþ ~„þ!Ýþ ¢îûœ !¢!œöì„þÝþ öë…yöì˜ SiO4
4– ~„þ!Ýþ ßþº“þsþf 

~„þ„þ !£öì¢öìî íyöì„þÐ öë›˜ öšþ˜y¢y£zÝþ (Be2SiO4)– šþöìîû¢ÝþÆy£zÝþ SMg2SiO4VÐ
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-
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xöìíÅy!¢!œöì„þÝþ ~„þ„þ



þ™y£zöìîûy!¢!œöì„þÝþ ƒ ~£z •îûöì̃ îû !¢!œöì„þöìÝþ ”%!Ýþ !¢!œöì„þÝþ ›)œ„þ ~„þ!Ýþ x!:öì‹˜ 
þ™îû›y’%îû ¢öìD þ™îûßþ™îû ë%_« £öìëû Si2O7

6– ~„þ„þ !£öì¢öìî !¢!œöì„þÝþ †àþ˜ „þöìîû 
“þyöì„þ þ™y£zöìîûy!¢!œöì„þÝþ îöìœÐ
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-O O
O-

Si

O-

O-

O-

þ™y£zöìîûy!¢!œöì„þÝþ

45. BF3 ~îû x!hßþc xyöìŠé BH3 ~îû ö„þy˜ x!hßþc ö˜£zÐ îÄy…Äy „þîûÐ

vþz_îûéôôôé BF3 x’%îû öîyîû˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþ 6!Ýþ £zöìœ„þÝþÆ˜ î“Åþ›y˜Ð 
~£z „þyîûöì’ ~!Ýþ ~„þ!Ýþ ‡yÝþ!“þ ë%_« öëï†Ð šþöìœ xÜT„þ þ™%!“Åþîû ‹˜Ä šÏ$þ!îû˜ þ™îû›y’%îû 
!˜ƒ¢D ö‹yvþü £zöìœ„þÝþÆ˜ þ™Øþyê îõþöì˜îû SpπéôépπV ›y•Äöì› öîyîû˜ þ™îû›y’%îû xÜT„þ 
þ™)!“Åþ „þîûöì“þ ¢y£yëÄ „þöìîûÐ xþ™îûþ™öìÇþ BH3 x’%îû ~îû ö„þy˜ x!hßþc ö˜£z „þyîû’ 
£y£zöìvÈþyöì‹˜îû ö„þy˜ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö˜£z ëyîû myîûy öîyîû˜ þ™îû›y’% xÜT„þ þ™)!“Åþ 
„þîûöì“þ þ™yöìîûÐ šþöìœ BH3 x’%îû öîyîû˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþ 6!Ýþ £zöìœ„þÝþÆ˜ 
íy„þyëû BH3 x’%îû ö„þy˜ x!hßþc ö˜£zÐ

B F

F

F

B F

F

F

B F

F

F

B F

F

F

+-

-

+

+

-

BF3 x’%îû SpπéôépπV îõþ˜ †àþ˜

46. [SiF6]
2– xyëûöì˜îû x!hßþc xyöìŠé !„þlsþ . [SiCl6]

2– xyëûöì˜îû x!hßþc ˜y£z 
îÄyGþÄy „þîûÐ

vþz_îûéôôôé !¢!œ„þ˜ þ™ëÅyëû ¢yîû!’îû “,þ“þ#ëû þ™ëÅyöìëûîû ö›ïœÐ ö¢ !£öì¢öìî !¢!œ„þöì̃ îû 
ö„þy!vÅþöì˜Ÿ˜ ¢‚…Äy ¢‚…Äy 6 £çëûy vþz!‰þ“þ ~î‚ vþz¦þëû xyëûöì˜îû x!hßþc íy„þy 
¢½þîÐ !„þlsþ SiF6]

2– xyëûöì˜îû x!hßþc xyöìŠé ~î‚ [SiCl6]
2– xyëûöì˜îû x!hßþc 

˜y£z „þyîû’ šÏ$þ!îûöì˜îû Ç%þo xy„þyöìîûîû ‹˜Ä !¢!œ„þ˜öì„þ !‡öìîû Šéëû!Ýþ šÏ$þ!îû˜ þ™îû›y’% 
!¢!œ„þöì˜îû ¢öìD ¢›öìëy‹# ~„þ îõþöì˜ !œ® £öì“þ þ™yöìîû !„þlsþ öì„Ïþy!îû˜ þ™îû›y’% 
xy„þyîû xöìþ™Çþy„,þ“þ îvþü £çëûyëû ßþiy˜ x¦þyöìîîû „þyîûöì’ !¢!œ„þ˜öì„þ !‡öìîû îõþ˜ †àþ˜ 
„þîûöì“þ þ™yöìîû ˜yÐ ~£z „þyîûöì˜ [SiF6]

2– xyëûöì˜îû x!hßþc xyöìŠé !„þlsþ  [SiCl6]
2– 

xyëûöì˜îû x!hßþc ˜y£zÐ

47. ˜y£zöìÝþÆyöì‹˜ ~„þ!Ýþ †Äy¢#ëû ö›ïœ !„þlsþ šþ¢šþîûy¢ „þ!àþ˜ îÄy…Äy „þîûÐ

vþz_îûéôôôé ˜y£zöìÝþÆyöì‹˜ ~„þ!Ýþ †Äy¢#ëû ö›ïœ !„þlsþ šþ¢šþîûy¢ „þ!àþ˜ ö›ïœ „þyîû’ 
˜y£zöìÝþÆyöì‹öì̃ îû xy„þyîû Ç%þo £çëûyëû ~„þ!Ýþ x’%öì“þ ”%!Ýþ ˜y£zöìÝþÆyöì‹˜ þ™îû›y’% ¢›öìëy‹# 
!eîõþ˜ myîûy ë%_« xyöìŠéÐ “þy£z ~!Ýþ ~„þ!Ýþ !î!FŠé§¬ x’%Ð Ö•% x’%=!œ þ™îûßþ™îû 
¦þÄyuþyîû çëûyœ¢ xy„þ¡ìÅ’ îœ !e«ëûy „þöìîûÐ ~£z „þyîûöì’ ˜y£zöìÝþÆyöì‹˜ ~„þ!Ýþ †Äy¢#ëû 
ö›ïœÐ xþ™îû þ™öìÇþ šþ¢šþîûyöì¢îû ~„þ!Ýþ x’%öì“þ ‰þyîû!Ýþ þ™îû›y’% ¢›öìëy‹# ~„þîõþ˜ 
myîûy ë%_« £öìëû ‰þ“%þhßþœ„þ#ëû †àþ˜ œy¦þ „þöìîûÐ šþ¢šþîûyöì¢îû “þ!vþüê }’yd„þ“þyîû ›y˜ 
„þ› £çëûyëû pπéôépπ îõþ˜ †àþ˜ „þöìîû ˜yÐ šþ¢šþîûy¢ x’%îû xy’!î„þ =îû&c öî!Ÿ 
£çëûyëû ~!Ýþ „þ!àþ˜Ð @ùÌ&þ™

48. @ùÌ&þ™éôé15 SVBV ö›ïœ=!œîû £y£zvÈþy£zöìvþîû ö„þyöì’îû ›yöì̃ îû î,!kþîû e«›y %̃¢yöìîû 
¢y‹yç ~î‚ îÄy…Äy „þîûÐ

vþz_îûéôôôé @ùÌ&þ™éôé15 SVBV ö›ïœ=!œîû £y£zvÈþy£zvþ=!œ £œ NH3, PH3, AsH3, 
SbH3– ~î‚ BiH3Ð xyîyîû NH3, PH3, AsH3, SbH3– ~î‚ BiH3 £y£zvÈþy£zvþ=!œîû 
ö„þw#ëû þ™îû›y’%îû N, P, As, Sb, Bi SP3 ¢‚„þîûy!ëû“þ ~î‚ ²Ìöì“þÄ„þ þ™îû›y’%îû 
vþzþ™îû ~„þöì‹yvþüy „þöìîû !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü î“Åþ›y˜Ð ö¢£z !£öì¢öìî NH3, PH3, 
AsH3, SbH3– ~î‚ BiH3 ²Ì!“þ!Ýþ £y£zvÈþy£zöìvþîû ‹Äy!›!“þ„þ †àþ˜ !þ™îûy!›vþ#ëû ~î‚ 
²Ì!“þ!Ýþîû ö„þyöì’îû ~„þ£z £çëûy vþz!‰þ“þÐ !„þlsþ VSEPR “þ_́ x %̃¢yöìîû ö„þw#ëû þ™îû›y’%îû 
“þ!vþüê }’yd„þ“þyîû î,!kþîû ¢öìD ö„þyöì’îû ›y˜ î,!kþ þ™yëûÐ “þ!vþüê }’yd„þ“þy î,!kþîû 
¢öìD îõþ˜# £zöìœ„þÝþÆ˜ ö„þw#ëû þ™îû›y’%îû öî!Ÿ !˜„þÝþî“Åþ# £ëû šþöìœ lp–bp ~îû 



!î„þ¡ìÅ’ îœ î,!kþ þ™yëû ~î‚ lp–bp ~îû !î„þ¡ìÅ’ îöìœîû ›y˜ î,!kþ þ™yçëûyëû ö„þyöì’îû 
›y˜ î,!kþ þ™yëûÐ N, P, As, Sb, Bi “þ!vþüê }’yd„þ“þy î,!kþîû e«› N>P> As> 
Sb>BiÐ x“þ~î NH3, PH3, AsH3, SbH3– ~î‚ BiH3 ~îû ö„þyöì’îû ›yöì˜îû 
î,!kþîû e«› NH3 > PH3 > AsH3 > SbH3 > BiH3Ð

49. NH3, PH3, AsH3, SbH3, BiH3 ~îû !î‹yîû’ •öì›Åîû î,!kþîû e«› 
x˜%¢yöìîû ¢y‹yç ç îÄy…Äy „þîûÐ

vþz_îûéôôôéN, P, As, Sb, Bi ö›ïœ=!œîû xy„þyöìîûîû î,!kþîû e«› £œ N> P>As> 
Sb> Bi šþöìœ N, H, P, H, As, H, Sb, H ~î‚ Bi–H îõþ˜ ÷”öì‡ÅÄîû î,!kþîû 
e«› N–H, P–H, As–H, Sb–H ~î‚ Bi–HÐ xyîyîû îõþ˜ ÷”öì‡ÅÄîû î,!kþîû 
¢öìD îõþ˜ ~˜íÄyœ!þ™ ›y˜ £Éy¢ þ™yëûÐ ~£z„þyîûöì˜ Bi–H îõþ˜ ÷”‡ÅÄ ¢îöì‰þöìëû îvþü 
~î‚ ¢îöì‰þöìëû ”%îÅœ öë „þyîûöì˜ BiH3 ¢îöì‰þöìëû Ÿ!_«Ÿyœ# !î‹yîû„þÐ xþ™îûþ™öìÇþ 
NH3 x’%öì“þ N–H îõþ˜ ÷”‡ÅÄ ¢îöì‰þöìëû Ç%þo“þ› £çëûyëû N–H îõþ˜!Ýþ ¢îöì‰þöìëû 
”,‘þü ~î‚ Ÿ!_«Ÿyœ#Ð šþöìœ îõþ˜ ~˜íÄyœ!þ™îû ›y˜ ¢îöì‰þöìëû öî!Ÿ £çëûyëû NH3 
¢îöì‰þöìëû ”%îÅœ !î‹yîû„þÐ x“þ~î !î‹yîû’ •öì›Åîû î,!kþîû e«› NH3 < PH3 < 
AsH3 < SbH3 < BiH3Ð

50.  NCl3, PCl3, AsCl3, SbCl3, BiCl3 ~îû xyoÅ!îöìÙÕ¡ìöì’îû •îû˜ xyœy”yÐ 
îÄy…Äy „þîûÐ

vþz_îûéôôôé NCl3 x’%îû ˜y£zöìÝþÆyöì‹˜ þ™îû›y’%îû ö„þy˜ š¤þy„þy d vþzþ™„þÇþ ˜y íy„þyëû 
‹öìœîû x!:öì‹˜ þ™îû›y’% myîûy xye«yhsþ £ëû ˜y îîû‚ öì„Ïþy!îû˜ þ™îû›y’%îû š¤þy„þy d 
vþzþ™„þÇþ íy„þyëû ‹öìœîû x’% öì„Ïþy!îû˜ þ™îû›y’%öì„þ xye«›’ „þöìîû NH3 ~î‚ HOCl 
vþzêþ™§¬ „þöìîûÐ

NCl3 + H2O = NH3 + HOCl
!î!e«ëûyîû „þœy ö„þïŸœ ƒ

N

Cl

ClCl + 3H2O N

Cl

ClCl[

]
OH H

NH

Cl

Cl
-HOCl

NH

Cl

H
H2O H2O

 NH3
-HOCl -HOCl

NH3 + 3HOCl

PCl3 x’%îû p þ™îû›y’%îû š¤þy„þy d vþzþ™„þÇþ íy„þyëû ‹öìœîû x’% šþ¢šþîûy¢ 
þ™îû›y’%öì„þ xye«›’ „þöìîû šþöìœ H3PO3 ç HCl vþzêþ™§¬ £ëûÐ

PCl3 + 3H2O = H3PO3 + 3HCl
!î!e«ëûyîû „þœy ö„þïŸœ ƒ

P

Cl

ClCl + 3H2O P

Cl

ClCl[

]
OH H

P

Cl

HO
-HCl

P

Cl

HO
H2O H2O

-HCl -HCl
+ 3HCl

Cl

OH P OH

OH

HO P OH

OH

HO

PCl3 ~îû ˜Äyëû AsCl3 x’%îû As þ™îû›y’%îû š¤þy„þy d vþzþ™„þÇþ íy„þyëû ‹öìœîû 
x’% As þ™îû›y’%öì„þ xye«›’ „þöìîû šþöìœ H3AsO3 ç HCl vþzêþ™§¬ £ëûÐ

AsCl3 + 3H2O = H3AsO3  + 3HCl
!î!e«ëûyîû „þœy ö„þïŸœ ƒ

As

Cl

ClCl + 3H2O As

Cl

ClCl[

]
OH H

As

Cl

HO
-HCl

As

Cl

HO
H2O H2O

-HCl -HCl
+ 3HCl

Cl

OH As OH

OH

HO As OH

OH

HO

SbCl3 x’%îû xÄy!rÝþ›!˜ þ™îû›y’%îû !˜!Ü;þëû ö‹yvþü ²Ì¦þyöìîîû ‹˜Ä ~„þ x’% ‹œ 
xÄy!rÝþ›!˜öì„þ xye«›’ „þöìîû xíÅyê xyoÅ!îöìÙÕ!¡ì“þ £öìëû SbOCl ç HCl vþzêþ™§¬ £ëûÐ

SbCl3 + H2O = SbOCl + HCl



!î!e«ëûyîû „þœy ö„þïŸœ ƒ

Sb

Cl

ClHCl + H2O Sb

Cl

ClCl[
OH H

Sb

Cl

O

+ 2HCl]
x˜%îû*öìþ™ BiCl3 x’%îû !˜!Ü;þëû ö‹yvþü ²Ì¦þyöìîîû ‹˜Ä xyoÅ!îöìÙÕ!¡ì“þ £öìëû BiOCl 

ç HCl vþzêþ™§¬ „þöìîûÐ
BiCl3 + H2O = BiOCl + HCl
!î!e«ëûyîû „þœy ö„þïŸœ ƒ

Bi

Cl

ClHCl + H2O Bi

Cl

ClCl[
OH H

Bi

Cl

O

+ 2HCl]
51. NCl3 ¢£öì‹£z xyoÅ !îöìÙÕ!¡ì“þ £ëû !„þlsþ NF3 xyoÅ !îöìÙÕ!¡ì“þ £ëû ˜y 
îÄy…Äy „þîûÐ

vþz_îûéôôôé NF3 xyoÅ !îöìÙÕ!¡ì“þ £ëû ˜y „þyîû˜ ˜y£zöìÝþÆyöì‹˜ ç šÏ$þ!îû˜ vþz¦þëû 
þ™îû›y’%îû ö„þy˜ š¤þy„þy „þÇþ„þ íyöì„þ ˜y šþöìœ ‹öìœîû x!:öì‹˜ þ™îû›y’% xye«›˜ 
„þîûöì“þ þ™yöìîû ˜yÐ !„þlsþ NCl3 x’%îû ˜y£zöìÝþÆyöì‹˜ þ™îû›y’%îû ö„þy˜ š¤þy„þy „þÇþ„þ 
˜y íy„þöìœç ö„Ïþy!îû˜ þ™îû›y’%îû …y!œ d „þÇþöì„þ ‹öìœîû x’% xye«›’ „þöìîû ~î‚ 
xyoÅ !îöìÙÕ¡ì˜ ‡ÝþyëûÐ

NCl3 + H2O = NH3 + HOCl
!î!e«ëûyîû „þœy ö„þïŸœ ƒ

N

Cl

ClCl + 3H2O N

Cl

ClCl[

]
OH H

NH

Cl

Cl
-HOCl

NH

Cl

H
H2O H2O

 NH3
-HOCl -HOCl

NH3 + 3HOCl

52. ö˜¢œyîû !î„þyîû„þ „þ#Ú ö˜¢œyîû !î„þyîûöì„þ xÄyöì›y!˜ëûy ‰þyœ˜y „þîûöìœ 
„þ#îû&þ™ î’Å •yîû’ „þöìîûÚ îÄy…Äy „þîûÐ

vþz_îûéôôôé þ™Ýþy!¢ëûy› ›yîû„þ!„þvþz!îû„þ xyöìëûyvþy£zöìvþîû Çþyîû#ëû ‹œ#ëû oî’öì„þ 
ö˜¢œyîû !î„þyîû„þ îöìœÐ xÄyöì›y!˜ëûyîû ‹œ#ëû oîöì’ ö˜¢œyîû !î„þyîû„þ öëy† 
„þîûöìœ îy”y›# îöì’Åîû x•ƒöìÇþþ™ þ™öìvþüÐ

2K2[HgI4] + 3KOH = [Hg–O–Hg–NH2]I + 7KI + 2H2O
îy”y›# x•ƒöìÇþþ™

53. NO3
– ç NO2

– ›)œöì„þîû !›×’ öíöì„þ  „þ#¦þyöìî þ™îûßþ™îûöì„þ Ÿ˜y_«„þîû’ 
„þîûöìîÚ

vþz_îûéôôôé NO3
– ç NO2

– ›)œöì„þîû !›×öì’ £zvþz!îûëûy öëy† „þöìîû !›×’ ö„þ š%þÝþyöìœ 
NO2

– ›)œ„þ £zvþz!îûëûy myîûy !îöìëûy!‹“þ £öìëû ˜y£zöìÝþÆyöì‹˜ †Äy¢ !£öì¢öìî !˜†Å“þ £ëû 
!„þlsþ NO3

– ›)œ„þ ~£z xîßþiyëû xÇþ“þ íyöì„þÐ ~…˜ !›×’!Ýþ ë!” îœëû þ™îû#Çþyëû 
¢yvþüy ö”ëû “þy£öìœ NO3

– ›)œöì„þîû vþzþ™!ßþi“þ ²Ì›y’ „þöìîûÐ ~î‚ !›×’!Ýþ ë!” îœÄ 
þ™îû#Çþyëû ¢yîûy ˜y ö”ëû “þy£öìœ î%Gþöì“þ NO2

– ›)œ„þ vþzþ™!ßþi“þ Ð

54. NO2 ~î‚ NO †Äy¢ !›×’ öíöì„þ þ™îûßþ™îûöì„þ „þ#¦þyöìî þ™yíÅ„þÄ „þîûöìîÚ

vþz_îûéôôôé NO2 ~î‚ NO †Äy¢ !›×’öì„þ öšþîûy¢ ¢yœöìšþÝþ oîöì’ ‰þyœ˜y „þîûöìœ 
NO öŸy!¡ì“þ £ëû !„þlsþ NO2 †Äy¢ öŸy!¡ì“þ £ëû ˜yÐ

55. œyœ šþ¢šþîûy¢ xöìþ™Çþy ¢y”y šþ¢šþîûy¢ x!•„þ ¢!e«ëûÐ îÄy…Äy „þîûÐ

vþz_îûéôôôé ¢y”y šþ¢šþîûy¢ P4éôé~„þ„þ x’%îû*öìþ™ xîßþiy˜ „þöìîû ëyîû ~„þ!Ýþ 
P4éôéx’%öì“þ ‰þyîû!Ýþ šþ¢šþîûy¢ þ™îû›y’% ‰þ“%þhßþœöì„þîû Ÿ#¡ìÅ !î¨%öì“þ !îîûy‹›y˜Ð xyîyîû 
‰þ“%þhßþœöì„þîû PéôéPéôéP ö„þyöì’îû ›y˜ 60oÐ šþ¢šþîûy¢ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû 
3s vþzþ™„þöìÇþîû ”%!Ýþ £zöìœ„þÝþÆ˜ !˜ƒ¢D ö‹yvþü !£öì¢öìî ~î‚ 3P vþzþ™„þöìÇþîû !“þ˜!Ýþ 
!îöì‹yvþü £zöìœ„þÝþÆ˜ !”öìëû xþ™îû !“þ˜!Ýþ P þ™îû›y’%öì„þ ¢›öìëy‹# ~„þ îõþ˜ myîûy 
ë%_« îûyöì…Ð öëöì£“%þ Px– Py– ç Pz „þÇþ„þ !“þ˜!Ýþ þ™îûßþ™îû ¢›öì„þyöì’ xî!ßþi“þ 
~î‚ ~£z !“þ˜!Ýþ „þÇþöì„þîû ›%öì…y›%!… x!¦þöìœþ™öì˜îû šþöìœ PéôéP îõþöì˜îû ¢,!ÜT £ëû 
ö¢£z !£öì¢öìî PéôéPéôéP ö„þyöì’îû ›y˜ 90o £çëûy vþz!‰þ“þÐ !„þlsþ ¢y”y šþ¢šþîûyöì¢îû P4 

x’%öì“þ PéôéPéôéP îõþ˜ ö„þyöì’îû ›y˜ 60o £çëûyëû ~„þ!Ýþ îõþ˜ þ™#vþü˜ !e«ëûy „þöìîûÐ 
~£z îõþ˜ þ™#vþü˜ öíöì„þ ›%_« £çëûyîû ‹˜Ä ¢y”y šþ¢šþîûy¢ ¢!e«ëûÐ xþ™îûþ™öìÇþ œyœ 



šþ¢šþîûyöì¢îû P4 x’%îû x¦þÄhsþîû#’ PéôéP ö¦þöìD P4 x’% þ™îûßþ™îû ¢›öìëy‹# ~„þ 
îõþ˜ myîûy ë%_« £öìëû x!“þ„þyëû ”#‡Å Ÿ,Cœ öëï† vþzêþ™§¬ „þöìîûÐ œyœ šþ¢šþîûyöì¢îû 
x’%öì“þ PéôéPéôéP îõþ˜ ö„þyöì’îû ›y˜ 101o £çëûyëû þ™#vþü˜›%_«Ð “þy£z œyœ šþ¢šþîûy¢ 
xöìþ™Çþy ¢y”y šþ¢šþîûy¢ x!•„þ ¢!e«ëûÐ

P

P

P

P
60o

¢y”y šþ¢šþîûy¢

P

P

P

P

P

P

P

P

P

P

P

P

101o

œyœ šþ¢šþîûy¢

56. PCL5 x’%îû ¢„þœ P–Cl îõþ˜ ÷”‡ÅÄ ¢›y˜ ˜ëû îÄy…Äy „þîûÐ

vþz_îûéôôôé PCL5 x’%îû ö„þw#ëû þ™îû›y’% šþ¢šþîûyöì¢îû ¢‚„þîûyëû˜ xîßþiy SP3 

£çëûyëû ‹Äy!›!“þ„þ †àþ˜ !eöì„þy˜#ëû !m!þ™îûy!›vþ#ëûÐ ~£z !eöì„þy˜#ëû !m!þ™îûy!›vþ#ëû 
†àþöì˜îû šþöìœ !“þ˜!Ýþ P–Cl îõþ˜ ¦)þ!›öì“þ 120o ö„þyöì’ xîßþiy˜ „þöìîûÐ ~£z !“þ˜!Ýþ 
îõþ˜öì„þ £z„%þ£zöìÝþy!îûëûyœ îõþ˜ SEquitorial BondV îõþ˜ îöìœÐ îy!„þ ”%!Ýþ îõþ˜ 
¦)þ!›îû ¢öìD 90o ö„þy’ „þöìîû vþzþ™öìîû ~î‚ ˜#öì‰þ xîßþiy˜ „þöìîûÐ ~£z ”%!Ýþ îõþ˜öì„þ 
xÄy!:ëûyœ îõþ˜ SAxial BondV îöìœÐ ~£z xÄy!:ëûyœ îõþ˜ SAxial BondV 
”%!Ýþîû îõþ˜ ÷”‡ÅÄ £z„%þ£zöìÝþy!îûëûyœ SEquitorialV îõþöì˜îû “%þœ˜yëû ”#‡Å“þîû ~î‚ 
”%îÅœ „þyîû’ xÄy!:ëûyœ îõþöì˜îû îõþ˜# ö‹yvþü ç £z„%þ£zöìÝþy!îûëûyœ SEquitorialV 
îõþöì˜îû îõþ˜# ö‹yöìvþüîû ›öì•Ä !î„þ¡ìÅ’ îöìœîû ›y˜ £z„%þ£zöìÝþy!îûëûyœéôé£z„%þ£zöìÝþy!îûëûyœ 
îõþ˜# ö‹yöìvþüîû “%þœ˜yëû x!•„þÐ ~£z xÄy!:ëûyœéôé£z„%þ£zöìÝþy!îûëûyœ îõþöì˜îû îõþ˜# 

ö‹yöìvþüîû !î„þ¡ìÅ’ îöìœîû ›y˜ £Éy¢ „þîûyîû “þy!†öì” xÄy!:ëûyœ îõþ˜ ”#‡Å“þîû ~î‚ 
”%îÅœ ²Ì„,þ!“þîû £ëûÐ PCl5 ~îû †àþ˜éôôôé

Cl

Cl

Cl

P

Cl

Cl

120o90o

Axial

Equitorial bond

bond

56. PF5 ~îû x!hßþc xyöìŠé !„þlsþ PH5 ~îû x!hßþc ˜y£z îÄy…Äy „þîûÐ

vþz_îûéôôôé šÏ$þ!îû˜ ¢îöì‰þöìëû “þ#îÊ ‹yîû„þ þ™”yíÅ £çëûyëû šþ¢šþîûyöì¢îû ¢öìîÅyF‰þ ‹yîû’ 
hßþöìîû öþ™ïŠéyöì“þ þ™yöìîû îöìœ£z

PF5 ~îû x!hßþc xyöìŠé !„þlsþ £y£zöìvÈþyöì‹˜ þ™îû›y’%îû “þ!vþüê }’yd„þ“þyîû ›y˜ „þ› 
£çëûyîû „þyîûöì’ ”%îÅœ ‹yîû„þ þ™”yíÅ ~£z „þyîûöì’ £y£zöìvÈþyöì‹˜ þ™îû›y’% šþ¢šþîûyöì¢îû 
¢öìîÅyF‰þ ‹yîû’ hßþöìîû öþ™ïŠéyöì“þ xÇþ›Ð ~£z „þyîûöì’ PF5 ~îû x!hßþc xyöìŠé !„þlsþ 
PH5 ~îû x!hßþc ˜y£zÐ

57. PCl5 ~îû x!hßþc xyöìŠé !„þlsþ NCl5 ~îû x!hßþc ˜y£z îÄy…Äy „þîûÐ

vþz_îûéôôôé PCl5 †àþ˜ ƒ
¦)þ!›hßþöìîû öì„Ïþy!îû˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢

3S 3Px 3Py 3Pz

¦)þ!›hßþöìîû šþ¢šþîûy¢  þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ ƒ

3S 3Px 3Py 3Pz



vþzöì_!‹“þ xîßþiyëû šþ¢šþîûy¢ þ™îû›y’%îû  öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ ƒ

3S 3Px 3Py 3Pz 3d

öëöì£“%þ vþzöì_!‹“þ xîßþiyëû šþ¢šþîûy¢ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû þ™y¤‰þ!Ýþ xë%@Â 
£zöìœ„þÝþÆ˜ î“Åþ›y˜ “þy£z PCl5 ~îû x!hßþc xyöìŠéÐ

¦)þ!›hßþöìîû ˜y£zöìÝþÆyöì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ ƒ

2S 2Px 2Py 2Pz

˜y£zöìÝþÆyöì‹˜ þ™îû›y’%îû …y!œ d vþzþ™„þÇþ„þ ˜y íy„þyëû xë%@Â £zöìœ„þÝþÆöì˜îû 
¢‚…Äy !“þ˜!Ýþîû öî!Ÿ „þîûöì“þ þ™yöìîû ˜yÐ PCl5 ~îû x!hßþc xyöìŠé !„þlsþ NCl5 ~îû 
x!hßþc ˜y£zÐ

‹Äy!›!“þ„þ †àþ˜éôé !eöì„þy˜#ëû !m!þ™vþüy!›vþ#ëû

Cl

Cl

Cl

P

Cl

Cl

57. PCl5 „þ!àþ˜ xîßþiyëû ¢%!ßþi“þ !„þlsþ †Äy¢#ëû xîßþiyëû ”%!ßþi“þÐ îÄy…Äy „þîûÐ

vþz_îûéôôôé PCl5 x’%îû ö„þw#ëû þ™îû›y’% SP3d ¢‚„þîûy!ëû“þ £çëûyëû x’%îû †àþ˜ 
!eöì„þy˜#ëû !m!þ™îûy!›vþ#ëûÐ šþöìœ PCl5 x’%îû ¦)þ!›öì“þ xî!ßþi“þ !“þ˜!Ýþ öì„Ïþy!îû˜ 
þ™îû›y’% þ™îûßþ™îû 120o ö„þyöì’  xî!ßþi“þ ~î‚ xþ™îû ”%!Ýþ öì„Ïþy!îû˜ þ™îû›y’% !˜öì‹öì”îû 
›öì•Ä þ™îûßþ™îû 180o ö„þyöì’ ç ¦)þ!›öì“þ xî!ßþi“þ P–Cl ~îû ¢öìD 90o ö„þy’ „þöìîû 
xî!ßþi“þÐ !„þlsþ „þ!àþ˜ xîßþiyëû PCl5 ~îû ~„þ!Ýþ x’% ~„þ!Ýþ öì„Ïþy!îû˜ þ™îû›y’%öì„þ 
î‹Å˜ „þöìîû PCl4

+ ~î‚ xþ™îû ~„þ!Ýþ PCl5 x’% ~£z î!‹Å“þ öì„Ïþyîûy£zvþ xyëû˜öì„þ 
@ùÌ£’ „þöìîû PCl6

– xyëûöì˜ þ™!îû’“þ £ëûÐ PCl4
+ xyëûöì˜îû †àþ˜ ¢%¡ì› ‰þ“%þhßþœ„þ#ëû 

~î‚ PCl6
– ~îû †àþ˜ ¢%¡ì› xÜT“þœ„þ#ëûÐ ¢%¡ì› ‰þ“%þhßþœ„þ#ëû ç xÜT“þœ„þ#ëû †àþ˜ 

!eöì„þy˜#ëû !m!þ™îûy!›vþ#ëû †àþöì˜îû “%þœ˜yëû x!•„þ ¢%!ßþi“þ £çëûyëû PCl5 „þ!àþ˜ 
xîßþiyëû ¢%!ßþi“þÐ

58. H3PO4, H3PO3, H3PO2 xÄy!¢vþ=!œîû xÁÔ•›Å#îû î,!kþîû e«›y˜%¢yöìîû 
¢y‹yç ç îÄy…Äy „þîûÐ

vþz_îûéôôôé H3PO4 x’%öì“þ ~„þ!Ýþ P=O ~î‚ !“þ˜!Ýþ P–OH @ùÌ&þ™ î“Åþ›y˜Ð 
~„þ!Ýþ P=O @ùÌ&öìþ™îû x!:öì‹˜ þ™îû›y’%îû “þ!vþüê }’yd„þ“þy öî!Ÿ £çëûyëû x!:öì‹˜ 
þ™îû›y’% xy‚!Ÿ„þ }’yd„þ “þ!vþüê @ùÌßþi ~î‚ šþ¢šþîûy¢ þ™îû›y’% xy‚!Ÿ„þ •˜yd„þ “þ!vþüê 
@ùÌßþi xyëûöì˜ þ™!îû’“þ £ëû šþöìœ šþ¢šþîûy¢ þ™îû›y’%îû xy•y˜ ²ÌŸ›öì˜îû ‹˜Ä !“þ˜!Ýþ 
P–O îõþöì˜îû îõþ˜# £zöìœ„þÝþÆ˜ ö‹yvþü šþ¢šþîûyöì¢îû !”öì„þ !„þŠ%éÝþy ¢öìîû ëyçëûyëû 
O–H îõþ˜ öþ™yœy!îû!Ýþ î,!kþ þ™yëû ~î‚ öì²ÌyÝþ˜ î‹Å˜ „þîûyîû ²Ìî’“þy öîöìvþü ëyëûÐ 
H3PO3 ~îû öÇþöìe ~„þ!Ýþ P=O ~î‚ ”%!Ýþ P–O–H @ùÌ&þ™ î“Åþ›y˜ šþöìœ O–H 
îõþöì˜îû îõþ˜ öþ™yœy!îû!Ýþ “%þœ˜y›%Íñ¦þyöìî öî!Ÿ î,!kþ þ™yëûÐ H3PO2 ~îû öÇþöìe 
~„þ!Ýþ P=O ~î‚ ~„þ!Ýþ P–O–H @ùÌ&þ™ íy„þyëû O–H îõþöì˜îû îõþ˜ öþ™yœy!îû!Ýþ 
¢îöì‰þöìëû öî!Ÿ î,!kþ þ™yëû šþöìœ öì²ÌyÝþ˜ î‹Å˜ „þîûyîû ²Ìî’“þy öîöìîû ëyëûÐ
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HO OH
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H OH
OH

P

O

H OH
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59. NaH2PO2 ~„þ!Ýþ Ÿ!›“þ œî’ !„þlsþ NaH2PO3 ~„þ!Ýþ xy!ÁÔ„þ œî’ 
îÄy…Äy „þîûÐ

vþz_îûéôôôé NaH2PO2 ~„þ!Ýþ Ÿ!›“þ œî’ „þyîû’ ~îû x’%öì“þ xyîû ö„þy˜ ²Ì!“þßþiyþ™˜# 
£y£zöìvÈþyöì‹˜ þ™îû›y’% ö˜£zÐ ~Šéyvþüyç NaH2PO2 œî’!Ýþ ~„þ Çþy!îû„þ– H3PO2 
xÄy!¢öìvþîû ~îû œî’Ð xþ™îûþ™öìÇþ NaH2PO3 œî’!Ýþ !mÇþy!îû„þ xÄy!¢vþ H3PO2 
xÄy!¢öìvþîû œî’Ð H3PO3 xÄy!¢öìvþîû ”%!Ýþ ²Ì!“þßþiyþ™˜#ëû £y£zöìvÈþyöì‹˜ þ™îû›y’% 
íy„þöìœç ~„þ!Ýþ›ye £y£zöìvÈþyöì‹˜ ²Ì!“þßþiy!þ™“þ £öìëû NaH2PO3 œî’ vþzêþ™§¬ „þöìîûÐ 
“þy£z ~!Ýþ xÁÔ œî’Ð †àþ˜éôôôé
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H OH
OH
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H OH
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60. Bi5+ xöìþ™Çþy Bi3+ xyëû˜ x!•„þ ¢%!ßþi“þÐ îÄy…Äy „þîûÐ

vþz_îûéôôôé Bi ~îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢ 6S26P3Ð !˜!Ü;þëû ö‹yvþü 
²Ì¦þyöìîîû ‹˜Ä 6S ~îû ”%!Ýþ £zöìœ„þÝþÆ˜ îûy¢yëû!˜„þ !î!e«ëûyëû x‚Ÿ@ùÌ£’ „þîûyîû ²Ìî’“þy 
„þöì› ëyëûÐ ö„þîœ›ye 6P ~îû !“þ˜!Ýþ £zöìœ„þÝþÆ˜ îûy¢yëû!˜„þ !î!e«ëûyëû x‚Ÿ @ùÌ£’ 
„þöìîû îöìœ£z Bi5+ xöìþ™Çþy Bi3+ x!•„þ ¢%!ßþi“þÐ

61. Ý%þíöìþ™öìÞÝþ „þÄyœ!¢ëûy› £y£zöìvÈþyöì‹˜ šþ¢öìšþÝþ vþy£z £y£zöìvÈþÝþ SCaHPO4.2H2OV 
îÄî£yîû „þîûy £ëû ö„þ˜Ú

vþz_îûéôôôé ”¤y“þöì„þ ›¢,’ ç vþzI μœ „þîûöì“þ þ™y!œŸ„þyîû„þ !£öì¢öìî Ý%þíöìþ™öìÞÝþ 
„þÄyœ!¢ëûy› £y£zöìvÈþyöì‹˜ šþ¢öìšþÝþ vþy£z £y£zöìvÈþÝþ SCaHPO4.2H2OV îÄî£yîû 
„þîûy £ëûÐ

62.  ›y£zöìe«y„þ!ßþ¿„þ œî’ „þ#Ú £z£y !„þ „þyöì‹ îÄî£yîû „þîûy £ëûÚ

vþz_îûéôôôé ö¢y!vþëûy› xÄyöì›y!˜ëûy› £y£zöìvÈþyöì‹˜ šþ¢öìšþÝþ öÝþÝþÆy £y£zöìvÈþÝþ 
[Na(NH4)HPO4.4H2O] ö„þ ›y£zöìe«y„þ!ßþ¿„þ œî’ îöìœÐ !¢!œ„þy ç ¢!õþ†“þ 
›öìœîû „þÄyÝþyëû˜ Ÿ˜y_«„þîûöì˜ =!Ýþ þ™îû#Çþyëû ›y£zöìe«y„þ!ßþ¿„þ œî’ „þ# œî’ îÄî£yîû 
„þîûy £ëûÐ

Na(NH4)HPO4 = NH3 + H2O + NaPO3

NaPO3 + CoO = CoNaPO3 S†y‘þü ˜#œîöì’Åîû =!ÝþV

63. PO4
3–– AsO4

3– ›)œ„þöì„þ „þ#¦þyöìî Ÿ˜y_« „þîû˜ „þîûy £ëûÚ

vþz_îûéôôôé „þ!àþ˜ ˜›%˜yîû ¢y›y˜Ä þ™!îû›y’ †y‘þü HNO3 öëy† „þöìîû š%þÝþy˜ £œÐ 
àþy[þy „þîûyîû þ™îû „þöìëû„þ öšþyÝþy xÄyöì›y!˜ëûy› ›!œîöìvþÝþ öëy† „þöìîû G¤þy„þyöìœ £œ%” 
x•ƒöìÇþþ™ þ™öìvþüÐ ~£z £œ%” x•ƒöìÇþþ™ PO4

3–– AsO4
3– vþz¦þëû ›)œöì„þîû ‹˜Ä £öì“þ 

þ™yöìîûÐ x“þ~î vþzþ™öìîûy_« þ™îû#Çþy!Ýþ ÝþyîûÝþy!îû„þ xÄy!¢öìvþîû „þîûy £œÐ ë!” £œ%” 
x•ƒöìÇþþ™!Ýþ þ™%˜îûyëû xy!î¦Åþyî £ëû “þy£öìœ PO4

3– vþzþ™!ßþi!“þ ²Ì›y’ „þöìîûÐ xyîû 
ë!” £œ%” x•ƒöìÇþöìþ™îû xy!î¦Åþyî ˜y ‡öìÝþ “þy£öìœ AsO4

3– vþzþ™!ßþi“þ !˜!Øþ“þ¦þyöìî 
²Ì›y’ „þöìîûÐ

64. šþ¢šþîûy¢ ›%_« xîßþiyëû þ™yçëûy ëyëû ˜y ö„þ˜Ú

vþz_îûéôôôé šþ¢šþîûy¢ x“þÄhsþ ¢!e«ëû ö›ïœÐ îyëû%îû x!:öì‹öì˜îû vþzþ™!ßþi!“þöì“þ ‹ μöìœ 
çöìàþ ~î‚ !î!e«ëûyëû šþ¢šþîûy¢ öþ™rÝþ x:y£zvþ vþzêþ™§¬ „þöìîûÐ ~£z „þyîûöì’ šþ¢šþîûy¢ 
›%_« xîßþiyëû þ™yçëûy ëyëû ˜yÐ

4P + 5O2 = 2P2O5

65. šþ¢šþîûy¢öì„þ ‹öìœîû ˜#öì‰þ ¢‚îûÇþ’ „þîûy £ëû ö„þ˜Ú

vþz_îûéôôôéx“þÄhsþ ¢!e«ëû ö›ïœÐ îyëû%îû x!:öì‹öì˜îû vþzþ™!ßþi!“þöì“þ ‹ μöìœ çöìàþÐ 
“þy£z ‹öìœîû ˜#öì‰þ îûy…öìœ îyëû%îû ¢‚ßþ™ŸÅ xy¢öì“þ þ™yöìîû ˜y îöìœ šþ¢šþîûy¢ xÇþ“þ 
xîßþiyëû íy„þöì“þ þ™yöìîûÐ ~Šéyvþüyç šþ¢šþîûy¢ ‹öìœîû ¢öìD !î!e«ëûy „þöìîû ˜yÐ

66. PH3 xöìþ™Çþy NH3 “þ#îÊ Çþyîû„þ îÄy…Äy „þîûÐ

vþz_îûéôôôé  PH3 ~î‚ NH3 vþz¦þëû x’%îû P ~î‚ N þ™îû›y’%îû vþzþ™îû ~„þöì‹yvþüy 
„þöìîû !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü î“Åþ›y˜Ð xyîyîû P xöìþ™Çþy N þ™îû›y’%îû “þ!vþüê 
}’yd„þ“þy x!•„þ £çëûyëû NH3 xöìþ™Çþy PH3 ~îû Çþyîû#ëû •›Å öîŸ# £çëûy 
vþz!‰þ“þÐ !„þlsþ PH3 xöìþ™Çþy NH3 ~îû Çþyîû#ëû •›Å öîŸ# „þyîû’ N–H ~îû îõþ˜ 
÷”‡ÅÄ P–H îõþ˜ ÷”öì‡ÅÄîû “%þœ˜yëû Ç%þo“þîû ~î‚ ˜y£zöìÝþÆyöì‹öì˜îû “þ!vþüê }’yd„þ“þy 
šþ¢šþîûyöì¢îû “%þœ˜yëû x!•„þ £çëûyëû îõþ˜# £zöìœ„þÝþÆ˜ ö‹yvþü šþ¢šþîûyöì¢îû “%þœ˜yëû 
˜y£zöìÝþÆyöì‹öì˜îû !”öì„þ öî!Ÿ !˜„þÝþî“Åþ# £ëû šþöìœ ˜y£zöìÝþÆyöì‹öì˜îû vþzþ™îû £zöìœ„þÝþÆ˜ 
‡˜c öî!Ÿ £çëûyëû ~„þ!Ýþ !î„þ¡ìÅ’ îœ !e«ëûy „þöìîûÐ xþ™îûþ™öìÇþ !˜ƒ¢D £zöìœ„þÝþÆ˜ 
ö‹yöìvþüîû ²Ì!“þ !î„þ¡ìÅ’ îœ šþ¢šþîûyöì¢îû öÇþöìe “%þœ˜y›)œ„þ¦þyöìî „þ›Ð “þy£z !˜ƒ¢D 
£zöìœ„þÝþÆ˜ ö‹yvþü ”y˜ „þîûyîû ²Ìî’“þy šþ¢šþîûyöì¢îû “%þœ˜yëû ˜y£zöìÝþÆyöì‹öì˜îû x!•„þ 
£çëûyëû œ%£z¢ “þ_´ x˜%¢yöìîû PH3 xöìþ™Çþy NH3 “þ#îÊ Çþyîû„þÐ



67. !˜öì„þyöì‹˜ ö›ïœ ç ‰þÄyœöì„þyöì‹˜ ö›ïœ îœöì“þ „þ# öîyGþÚ

vþz_îûéôôôé @ùÌ&þ™ VB S@ùÌ&þ™éôé15V ~îû ö›yœ=!œöì„þ !˜öì„þyöì‹˜ ~î‚ @ùÌ&þ™ VIB 
S@ùÌ&þ™éôé16V ~îû ö›yœ=!œöì„þ ‰þÄyœöì„þyöì‹˜ îœy £ëûÐ !˜öì„þyöì‹˜ ö›yœ=!œ £œ 
N2, P4, A, Sb, Bi ~î‚ ‰þÄyœöì„þyöì‹˜ ö›yœ=!œ £œ ç O2, S, Se, Te, PoÐ

68. x!:öì‹˜ †Äy¢ !„þlsþ ¢yœšþyîû „þ!àþ˜ ö›ïœÐ îÄy…Äy „þîûÐ

vþz_îûéôôôé x!:öì‹˜ ~„þ!Ýþ !mþ™yîû›y˜!î„þ †Äy¢#ëû ö›ïœÐ x!:öì‹˜ Ç%þoy„,þ!“þ 
~î‚ x!•„þ “þ!vþüê }’yd„þ ö›ïœ £çëûyëû pπéôépπ îõþ˜ myîûy ”%!Ýþ x!:öì‹˜ 
þ™îû›y’% þ™îûßþ™îû !mîõþ˜ †àþ˜ „þöìîûÐ “þy£z x!:öì‹˜ x’% !î!FŠé§¬ xîßþiyëû íyöì„þ 
ëy ¦þÄyuþyîû çëûyœ¢ îœ myîûy þ™îûßþ™îûöì„þ xy„þ¡ìÅ’ „þöìîûÐ !„þlsþ ¢yœšþyöìîûîû ~„þ!Ýþ 
x’%öì“þ xyÝþ !Ýþ ¢yœšþyîû þ™îû›y’% î“Åþ›y˜Ð “þy£z xy’!î„þ =îû&c x!•„þ £çëûyëû 
¢yœšþyîû ¦þy!îû ~î‚ „þ!àþ˜Ð

69. SF6 ¢£öì‹£z xyoÅ !îöìÙÕ!¡ì“þ £ëû ˜y !„þlsþ SCl6 ¢£öì‹£z xyoÅ !îöìÙÕ!¡ì“þ 
£ëûÐ îÄy…Äy „þîûÐ

vþz_îûéôôôé šÏ$þ!îûöì˜îû xy„þyîû Ç%þo £çëûyëû ¢yœšþyîûöì„þ !‡öìîû xÜT“þœ„þ#ëû¦þyöìî 
~›˜¦þyöìî xyöìÝþy¢yöìÝþy xîßþiyëû íyöì„þ ö„þ öë ‹öìœîû x˜% ¢£öì‹ ¢yœšþyîûöì„þ 
xye«›’ „þîûöì“þ þ™yöìîû ˜y ~£z „þyîû’ SF6 ¢£öì‹£z xyoÅ !îöìÙÕ!¡ì“þ £ëû ˜y xþ™îû 
þ™öìÇþ öì„Ïþy!îûöì˜îû xy„þyîû îvþü £çëûyëû ¢yœšþyîû !‡öìîû ‰þ“%þ!”Åöì„þ xîßþiy˜ „þyöìœ xöì˜„þ 
šþy„þy ‹yëû†y íyöì„þ ëyîû šþöìœ ‹öìœîû x’% ¢yœšþyîûöì„þ !”öìëû ¢£öì‹£z  xye«›’ 
„þöìîû ~î‚ xyoÅ !îöìÙÕ!¡ì“þ £ëûÐ

70. H2O, H2S, H2Se, H2Te £y£zvÈþy£zvþ=!œîû xÄy!¢vþ •öì›Åîû î,!kþîû 
e«›y˜%¢yöìîû ¢y‹yç ç îÄy…Äy „þîûÐ

vþz_îûéôôôé  O, S, Se ç Te ö›ïœ ¢›)öì£îû þ™yîû›y’!î„þ îÄy¢yöì•Åîû ›y˜ 
e«›î•Å›y˜ £y£zvÈþy£zvþ=!œîû îõþ˜ ÷”‡ÅÄ î,!kþ öþ™öì“þ íyöì„þÐ šþöìœ îõþ˜=!œ ”%îÅœ 
£öì“þ íyöì„þ ~î‚ öì²ÌyÝþ˜ î‹Å˜ „þîûyîû ²Ìî’“þy î,!kþ þ™yëûÐ H2O x’%îû H–O îõþ˜ 
÷”‡ÅÄ ¢îöì‰þöìëû öŠéyÝþ ~î‚ H–Te îõþ˜ ÷”‡ÅÄ ¢îöì‰þöìëû îvþü šþöìœ H–O îõþ˜ 
¢îöì‰þöìëû Ÿ!_«Ÿyœ# ~î‚ H–Te îõþ˜ ¢îöì‰þöìëû ”%îÅœÐ ~£z „þyîûöì’ H2O ¢îöì‰þöìëû 
”%îÅœ xÄy!¢vþ ~î‚ H2Te ¢îöì‰þöìëû Ÿ!_«Ÿyœ# xÄy!¢vþÐ x˜Ä!”öì„þ H2S ç H2Se 

~îû H–S ~î‚ H–Se ~îû îõþ˜÷ì”‡ÅÄ ›yGþy›y!Gþ £çëûyëû vþz£yöì”îû xÄy!¢vþ •›Å 
›y‹y›y!GþÐ xÄy!¢vþ •öì›Åîû î,!kþîû e«› H2O < H2S < H2Se < H2TeÐ

71. SO3 ~î‚ SeO3 ~îû †àþ˜ î’Å˜y „þîûÐ

vþz_îûéôôôé

72. SO4
2– ~î‚ SO3

2– ›)œ„þ ö„þ „þ#¦þyöìî Ÿ˜y_« „þîû˜ „þîûy £ëûÐ

vþz_îûéôôôé ”%!Ýþ þ™,í„þ öÝþÞÝþ!Ýþvþzöìî ¢yœöìšþÝþ ç ¢yœšþy£zÝþ œîöì’îû ‹œ#ëû oî’ 
þ™,í„þ þ™,í„þ ¦þyöìî ö˜çëûy £œÐ ~…˜ öÝþÞÝþ!Ýþvþzî ”%!Ýþîû ²Ìöì“þÄîû ²Ì!Ýþöì“þ BaCl2 oî’ 
öëy† „þîûy £œÐ ”%!Ýþ öÝþÞÝþ !Ýþvþzî!Ýþöì“þ ¢y”y x•ƒöìÇþþ™ þ™vþüœÐ ~…˜ ~£zx•ƒöìÇþöìþ™ 
œ‡% HCl öëy† „þîûöìœ ëyîû öÇþöìe x•ƒöìÇþþ™ oî#¦)þ“þ £ëû ö¢!Ýþ SO3

2– xyîû ëyîû 
öÇþöìe oî#¦)þ“þ £œ ˜y ö¢!Ýþ £œ ¢yœöìšþÝþ ›)œ„þÐ

73. SO4
2– ~î‚ S2–é ›)œ„þöì„þ „þ#¦þyöìî þ™yíÅ„þÄ „þîûöìîÚ

vþz_îûéôôôé ”%!Ýþ þ™,í„þ öÝþÞÝþ!Ýþvþzöìî ¢yœöìšþÝþ SSO4
2–V ~î‚ ¢yœšþy£zvþ SS2–V 

œîöì’îû ‹œ#ëû oî’ þ™,í„þ þ™,í„þ ¦þyöìî ö˜çëûy £œÐ ~…˜ öÝþÞÝþ!Ýþvþzî ”%!Ýþîû 
²Ìöì“þÄ„þ!Ýþöì“þ ö¢y!vþëûy› ˜y£zöìÝþÆy ²Ì%¢y£zvþ oî’ öëy† „þîûy £œÐ öë öÝþÞÝþ!Ýþvþzöìîîû 
oîöì’îû î’Å öî=!˜ £œ ö¢!Ýþ £öìî ¢yœšþy£zvþ ~î‚ xþ™îû!Ýþ £öìî ¢yœöìšþÝþÐ

~Šéyvþüyç öÝþÞÝþ!Ýþvþzî ”%!Ýþîû ²Ìöì“þÄîû ²Ì!Ýþöì“þ BaCl2 oî’ öëy† „þîûy £œÐ öë 
öÝþÞÝþ !Ýþvþzî!Ýþöì“þ ¢y”y x•ƒöìÇþþ™ þ™vþüöìî ö¢!Ýþ £öìî ¢yœöìšþÝþ ›)œ„þÐ

x•ƒöìÇþþ™ þ™vþüœÐ ~…˜ ~£zx•ƒöìÇþöìþ™ œ‡% HCl öëy† „þîûöìœ ëyîû öÇþöìe 
x•ƒöìÇþþ™ oî#¦)þ“þ £ëû ö¢!Ýþ SO3

2– xyîû ëyîû öÇþöìe oî#¦)þ“þ £œ ˜y ö¢!Ýþ £œ 
¢yœöìšþÝþ ›)œ„þÐ

74. SO4
2ôé ~îû †àþ˜ ƒ

¢yœšþyîû þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé3S23P4

1 !Ýþ x!:öì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé2S22P4

¢%“þîûy‚ SO4
2– ¢yœšþyîû þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû 6 !Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# 

!mîõþöì˜ ë%_« 2 !Ýþ x!:öì‹˜ þ™îû›y’%îû 4 !Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# ~„þîõþöì˜ 
ë%_« 2 !Ýþ O– xyëûöì˜îû ”%!Ýþ £zöìœ„þÝþÆ˜

= 12 !Ýþ £zöìœ„þÝþÆ˜



= 6 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 6 !Ýþ îõþ˜ ö‹yvþü
= 4 !Ýþ !¢†›y + 2 !Ýþ þ™y£z îõþ˜
SP3 [öëöì£“%þ ‹Äy!›!“þ„þ †àþöì˜ þ™y£z îõþöì˜îû ¦)þ!›„þy ö˜£z]
‹Äy!›!“þ„þ †àþ˜ ¢%¡ì› ‰þ“%þhßþÍñ#ëû

 

S

O

O

-O O-

75. H2S2O8 S›yŸÅyœ xÄy!¢vþV ç H2SO5 S„þÄyöìîûy xÄy!¢vþV

vþz_îûéôôôé

SOOS

O

OO

O

O OH H

›yŸÅyœ xÄy!¢vþ

OHOS

O

O

OH

„þÄyöìîûy xÄy!¢vþ

74. S2O3
2éôé ~îû †àþ˜ƒ

¢yœšþyîû þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé3S23P4

x!:öì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé 2S22P4

¢%“þîûy‚ S2O3
2– xyëûöì˜ ¢yœšþyîû þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû 6 !Ýþ £zöìœ„þÝþÆ˜ 

+ ¢›öìëy‹# !mîõþöì˜ ë%_« !Ýþ x!:öì‹˜ þ™îû›y’%îû 2 !Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# 
!mîõþöì˜ ë%_« !Ýþ ¢yœšþyîû

þ™îû›y’%îû 2 !Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# ~„þîõþöì˜ ë%_« 2 !Ýþ O– xyëûöì˜îû ”%!Ýþ 
£zöìœ„þÝþÆ˜

= 12 !Ýþ £zöìœ„þÝþÆ˜
= 6 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 6 !Ýþ îõþ˜ ö‹yvþü
= 4 !Ýþ !¢†›y + 2 !Ýþ þ™y£z îõþ˜
SP3 [öëöì£“%þ ‹Äy!›!“þ„þ †àþöì˜ þ™y£z îõþöì˜îû ¦)þ!›„þy ö˜£z]

S

S

O O-

O-

‹Äy!›!“þ„þ †àþ˜ ¢%¡ì› ‰þ“%þhßþÍñ#ëû

75. ¢yœšþyîû vþy£zç:y£zvþ †Äy¢ !„þlsþ ö¢öìœ!˜ëûy› vþy£z x:y£zvþ ö„þœy¢ 
xy„þyîû „þ!àþ˜ þ™”yíÅÐ

vþz_îûéôôôé ¢yœšþyîû vþ£z x:y£zvþ !î!FŠé§¬ x’% !£öì¢öìî íyöì„þÐ ¢yœšþyîû vþy£z 
x:y£zvþ x’%=!œ !˜öì‹öì”îû ›öì•Ä ö„þîœ›ye ¦þÄyuþyîû çëûyœ¢ ˜y›„þ ~„þ!Ýþ ”%îÅœ 
xy„þ¡ìÅ’ îœ !e«ëûy „þöìîûÐ !„þlsþ ö¢öìœ!˜ëûy› vþy£z x:y£zvþ x’%öì“þ ¢›öìëy‹# îõþ˜ 
myîûy !‹†‹Äy† xy„,þ!“þ ~„þ!Ýþ ”#‡Å Ÿ,Cœ öëï† vþzêþ™§¬ „þöìîû öë…yöì̃  ”%!Ýþ ö¢öìœ!˜ëûy› 
›yöìGþ ~„þ!Ýþ x!:öì‹˜ þ™îû›y’% xîßþiy˜ „þöìîûÐ ~£z „þyîûöì’ ¢yœšþyîû vþy£z x:y£zvþ 
†Äy¢ ~î‚ ö¢öìœ!˜ëûy› vþy£z x:y£zvþ ~„þ!Ýþ ö„þœy¢ xy„þyîû „þ!àþ˜ þ™”yíÅÐ

S
O O

Se

O O

Se

O

Se

O

O

O

O

125o

90o

¢yœšþyîû vþy£z x:y£zvþ                ö¢öìœ!˜ëûy› vþy£z x:y£zvþ



76. šÏ$þ!îû˜öì„þ ¢%þ™yîû £Äyöìœyöì‹˜ îœy £ëû ö„þ˜Ú

vþz_îûéôôôé

77. šÏ$þ!îûöì˜îû îûy¢yëû!˜„þ ¢!e«ëû“þyîû „þyîû’ !„þÚ

vþz_îûéôôôé !˜Á¬!œ!…“þ „þyîûöì’ šÏ$þ!îûöì˜îû îûy¢yëû!˜„þ ¢!e«ëû“þy öî!Ÿ
iV šÏ$þ!îûöì˜îû xy„þyîû Ç%þo
iiV !îöìëûy‹˜ ~˜íÄyœ!þ™ Ç%þoÐ
iiiV vþzF‰þ “þ!vþüê }’yd„þ“þyÐ
ivV …y!œ d vþzþ™„þÇþ x˜%þ™!ßþi“þÐ

78. šÏ$þ!îûöì˜îû ‹yîû’ •›Å öì„Ïþy!îûöì˜îû “%þœ˜yëû öî!Ÿ „þîûÐ îÄy…Äy „þîûÐ

vþz_îûéôôôé £Äyöìœyöì‹˜ ö›ïœ=!œîû ‹yîû’ •›Å !˜¦Åþîû „þöìîû !˜Á¬!œ!…“þ !“þ˜!Ýþ 
•yöìþ™îû ¢!£“þ ë%_« Ÿ!_«îû öëy†šþöìœîû vþzþ™îûÐ öë ö›ïöìœîû öÇþöìe •yþ™=!œîû 
Ÿ!_«îû öëy†šþœ x!•„þ }’yd„þ £ëû ö¢£z ö›ïœ!Ýþ £öìî ¢îöì‰þöìëû Ÿ!_«Ÿyœ# ‹yîû„þ 
þ™”yíÅÐ •yþ™=!œ £œéôôôé

X2(g)
Hdissociation

X (g)
+ - H E A

X- -H hydration X ( hydrated)

ö„Ïþy!îû˜ þ™îû›y’%îû öÇþöìe ƒ

Cl2 (g)
 Hdissociation

= (+ 122)/2 KJ/mole
Cl (g)

HEA

= - 384 KJ/mole
Cl-(g)

Hhydration

= - 383 KJ/mole
Cl- ( hydrated)

ö›yÝþ Ÿ!_«îû þ™!îû›y’ = 122/2 + (–384) + (–383) KJ/mole
= (61 – 384 – 383) KJ/mole
= –706 KJ/mole
šÏ$þ!îû˜ þ™îû›y’%îû öÇþöìe ƒ

F2 (g)
 Hdissociation

= (+ 79)/2 KJ/mole
 F (g)

HEA

= - 333 KJ/mole
F-(g)

Hhydration

= - 460 KJ/mole
F- ( hydrated)

ö›yÝþ Ÿ!_«îû þ™!îû›y’ = 7992 + (–333) + (–460) KJ/mole
= (39.5 – 333 – 460) KJ/mole
= –752 KJ/mole

öë ö£“%þ öì„Ïþy!îû˜ þ™îû›y’%îû “%þœ˜yëû šÏ$þ!îû˜ þ™îû›y’% ö›yÝþ !˜†Å“þ Ÿ!_« þ™!îû›y’ 
öî!Ÿ ~£z „þyîûöì’Ð ö„Ïþy!îûöì˜îû £zöìœ„þÝþÆ˜ xy¢!_« öî!Ÿ !„þlsþ šÏ$þ!îûöì˜îû ‹yîû’ •›Å 
ö„Ïþy!îûöì˜îû “%þœ˜yëû öî!Ÿ „þîûÐ

79. ö„Ïþy!îûöì˜îû £zöìœ„þÝþÆ˜ xy¢!_« šÏ$þ!îû˜ xöìþ™Çþy öî!ŸÐ îÄy…Äy „þîûÐ

vþz_îûéôôôé F ç Cléôé~îû £zöìœ„þÝþÆ˜ !î˜Äy¢ ëíye«öì›éôôôé 1S22S22P5 ~î‚ 
1S22S22P63S23P5 ~î‚ vþz¦þëû þ™îû›y’%îû 2P ç 3P vþzþ™„þöìÇþ þ™y¤‰þ!Ýþ „þöìîû 
£zöìœ„þÝþÆ˜ î“Åþ›y˜Ð ~Šéyvþüyç Cl ~îû “%þœ˜yëû F xy„þyîû Ç%þo“þîû £çëûyëû Cléôé~îû 
“%þœ˜yëû F £zöìœ„þÝþÆ˜ xy¢!_« öî!Ÿ £çëûy vþz!‰þ“þÐ !„þlsþ šÏ$þ!îûöì˜îû “%þœ˜yëû öì„Ïþy!îûöì˜îû 
£zöìœ„þÝþÆ˜ xy¢!_« öî!Ÿ „þyîû’ 2P vþzþ™„þöìÇþîû xy„þyîû 3P ~îû “%þœ˜yëû Ç%þo £çëûyëû 
2P vþzþ™„þöìÇþîû £zöìœ„þÝþÆöì˜îû ›öì•Ä ~„þ!Ýþ !î„þ¡ìÅ’ îœ !e«ëûy „þöìîû šþöìœ ˜îy†“þ 
£zöìœ„þÝþÆöì˜îû ²Ì!“þ xy„þ¡ìÅ’ îœ öì„Ïþy!îûöì˜îû “%þœ˜yëû !„þŠ%éÝþy „þ› £ëûÐ xþ™îûþ™öìÇþ 
öì„Ïþy!îûöì˜îû 3P vþzþ™„þöìÇþîû xy„þyîû xöìþ™Çþy„,þ“þ îöìvþüy £çëûyëû ~£zîû*þ™ ö„þy˜ 
!î„þ¡ìÅ’ îœ !e«ëûy „þöìîû ˜yÐ ~£z „þyîûöì’ šÏ$þ!îûöì˜îû “%þœ˜yëû öì„Ïþy!îûöì˜îû £zöìœ„þÝþÆ˜ 
xy¢!_« öî!ŸÐ

80. HF, HCl, HBr ç HI ~îû ‹œ#ëû oîöì’ £Äyöìœyöì‹˜ xÄy!¢öìvþîû 
xÄy!¢öìvþîû •öì›Åîû î,!kþîû e«›y˜%¢yöìîû ¢y‹yç ~î‚ îÄy…Äy „þîûÐ

vþz_îûéôôôé £Äyöìœyöì‹˜ þ™îû›y’%=!œîû “þ!vþüê }’yd„þ“þyîû î,!kþîû e«› xyöìëûy!vþ˜ 
< öìîÊy!›˜ < öì„Ïþy!îû˜ < šÏ$þ!îû˜Ð ö¢£z !£öì¢öìî £Äyöìœyöì‹˜ xÄy!¢öìvþîû xÄy!¢vþ 
•öì›Åîû î,!kþîû e«› HF > HCl > HBr > HI £çëûy vþz!‰þêÐ !„þlsþ £Äyöìœyöì‹˜ 
xÄy!¢öìvþîû xÄy!¢vþ •öì›Åîû î,!kþîû e«› HF < HCl < HBr < HI £Äyöìœyöì‹˜ 
xÄy!¢öìvþîû xÄy!¢vþ •öì›Åîû î,!kþîû e«› HF > HCl > HBr > HI £çëûy vþz!‰þêÐ 
!„þlsþ £Äyöìœyöì‹˜ xÄy!¢öìvþîû xÄy!¢vþ •öì›Åîû î,!kþîû e«› HF > HCl > HBr 
> HI £çëûy vþz!‰þêÐ !„þlsþ xyöìëûy!vþöì˜îû xy„þyîû ¢îöì‰þöìëû îvþü £çëûyëû H–I ~îû 
îõþ˜ ÷”‡ÅÄ ¢îöì‰þëû öî!Ÿ ~î‚ H–F îõþ˜ ÷”‡ÅÄ ¢îöì‰þöìëû „þ› šþöìœ HI ~îû 
îõþ˜ ¢îöì‰þöìëû ”%îÅœ ~î‚ H–F ~îû îõþ˜ ¢îöì‰þöìëû Ÿ!_«Ÿyœ#Ð “þy£z H–I ~îû 
öì²ÌyÝþ˜ ”y˜ „þîûyîû Çþ›“þy ¢îöì‰þöìëû öî!Ÿ ~î‚ H–F ~îû öì²ÌyÝþ˜ ”y˜ „þîûyîû Çþ›“þy 
¢îöì‰þöìëû „þ›Ð öìîÊy!›˜ ç öì„Ïþy!îûöì˜îû xy„þyîû xyöìëûy!vþ˜ ç š%þ!îûöì˜îû ›yGþy›y!Gþ 
£çëûyëû xÄy!¢vþ •öì›Åîû î,!kþîû e«› HF < HCl < HBr < HIÐ



81. HF, HCl, HBr ç HI ~îû ‹œ#ëû oîöì’ £Äyöìœyöì‹˜ xÄy!¢öìvþîû 
xÄy!¢öìvþîû •öì›Åîû î,!kþîû e«›y˜%¢yöìîû ¢y‹yç ~î‚ îÄy…Äy „þîûÐ

vþz_îûéôôôé £Äyöìœyöì‹˜ þ™îû›y’%=!œîû xy„þyöìîûîû î,!kþîû e«› xyöìëûy!vþ˜ > öîÊy!›˜ 
> öì„Ïþy!îû˜ > šÏ$þ!îû˜Ð ö¢£z !£öì¢öìî £Äyöìœyöì‹˜ xÄy!¢öìvþîû îõþ˜ ÷”öì‡ÅÄîû î,!kþîû 
e«› HF < HCl < HBr < HIÐ xyöìëûy!vþöì˜îû xy„þyîû ¢îöì‰þöìëû îvþü £çëûyëû 
H–I~îû îõþ˜ ¢îöì‰þöìëû ”%îÅœ ~î‚ H–F îõþ˜ ÷”‡ÅÄ ¢îöì‰þöìëû „þ› £çëûyëû H–F 
~îû îõþ˜ ¢îöì‰þöìëû Ÿ!_«Ÿyœ#Ð “þy£z H–I ~îû îõþ˜ !îöìëûy‹˜ Ÿ!_« ¢îöì‰þöìëû „þ› 
~î‚ H–F ~îû îõþ˜ !îöìëûy‹˜ Ÿ!_« ¢îöì‰þöìëû öî!ŸÐ ~£z „þyîûöì’ H–I ¢îöì‰þöìëû 
Ÿ!_«Ÿyœ# !î‹yîû„þ ~î‚ H–F ¢îöì‰þöìëû ”%îÅœ !î‹yîû„þÐ öìîÊy!›˜ ç öì„Ïþy!îûöì˜îû 
xy„þyîû xyöìëûy!vþ˜ ç š%þ!îûöì˜îû ›yGþy›y!Gþ £çëûyëû !î‹yîû˜ •öì›Åîû î,!kþîû e«› HF 
< HCl < HBr < HIÐ

82. xyöìëûy!vþ˜ öî=!˜ îöì’Åîû– öìîÊy!›˜ œyœ îöì’Åîû ~î‚ öì„Ïþy!îû˜ ¢î%‹y¦þ £œ%” 
ç šÏ$þ!îû˜ £yÍñy £œ%” îöì’Åîû–îÄy…Äy „þîûÐ

vþz_îûéôôôé £Äyöìœyöì‹˜ ö›ïœ ¢›)£ ¢)ëÅyöìœyöì„þîû ”,ŸÄ›y˜ xyöìœy„þ îû!ÙÂ öŸy¡ì’ 
„þöìîû vþzöì_!‹“þ £öìëû vþzF‰þ Ÿ!_«¢Á™§¬ „þöìÇþ vþz§¬#“þ £ëûÐ šÏ$þ!îûöì˜îû xy„þyîû ¢îöì‰þöìëû 
Ç%þo £çëûyëû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆöì˜îû ²Ì!“þ !˜vþz!„Ïþëûyöì¢îû xy„þ¡ìÅ’ îœ “þ#îÊ 
šþöìœ šÏ$þ!îû˜ “þyîû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜öì„þ vþzöì_!‹“þ „þîûyîû ‹˜Ä ¢)ëÅyöìœyöì„þîû 
öî=!˜ îöì’Åîû xyöìœy öŸy¡ì’ „þöìîû ~î‚ öî=˜# îöì’Åîû xyöìœyîû þ™!îûþ™)îû„þ î’Å 
!£öì¢öìî £yœ„þy £œ%” îöì’Åîû xyöìœy !î!„þîû’ „þöìîûÐ xþ™îûþ™öìÇþ xyöìëûy!vþöì˜îû xy„þyîû 
¢îöì‰þöìëû îvþü £çëûyëû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆöì˜îû ²Ì!“þ xy„þ¡ìÅ’ îœ ¢îöì‰þöìëû 
„þ› “þy£z ¢)ëÅyöìœyöì„þîû ”#‡Å “þîûD ÷”öì‡ÅÄîû £œ%” îöì’Åîû xyöìœy öŸy¡ì’ „þöìîû £œ%” 
îöì’Åîû þ™!îûþ™)îû„þ î’Å öî=˜# îöì’Åîû îû!ÙÂ !î!„þîû’ „þöìîûÐ öì„Ïþy!îû˜ ç öìîÊy!›öì˜îû 
xy„þyîû šÏ$þ!îû˜ ~î‚ xyöìëûy!vþöì˜îû ›yGþy›y!Gþ £çëûyëû ¢)ëÅyöìœyöì„þîû ›•Äî“Åþ# “þîûD 
÷”öì‡ÅÄîû xyöìœy öŸy¡ì’ „þöìîû öì„Ïþy!îû˜ ¢î%‹y¦þéôé£œ%” ~î‚ öìîÊy!›˜ œyœéôéîy”y!› 
îöì’Åîû xyœ !î!„þîû’ „þöìîûÐ

83. xyöìëûy!vþöì˜îû þ™îûyéôé “þ!vþüê•›Å# îy •y“þî •öì›Åîû îÄy…Äy ”yçÐ

vþz_îûéôôôé ¢„þœ £ÄÄyöìœyöì‹˜ ö›ïœ=!œ x•y“þî ²Ì„,þ!“þîûÐ !„þlsþ vþzþ™îû öíöì„þ 
˜y›öìœ þ™îû›y’%îû xy„þyîû e«›Ÿ î,!kþ öþ™öì“þ íyöì„þÐ xyöìëûy!vþöì˜îû xy„þyîû îvþü 
£çëûyëû îy£zöìîûîû „þöìÇþîû £zöìœ„þÝþÆöì˜îû ²Ì!“þ !˜vþz!„Ïþëûyöì¢îû xy„þ¡ìÅ’ îœ £Éy¢ öþ™öì“þ 

íyöì„þ ~î‚ xyöìëûy!vþ˜ •y“þî ‰þ!îûe œy¦þ „þöìîûÐ xyöìëûy!vþöì˜îû „þ“þ„þ=!œ öëïöì† 
I+ ~î‚ I3+ „þÄyÝþyëûöì˜îû vþzþ™!ßþi!“þîû ²Ì›y’ þ™yçëûy ëyëûÐ

I+ „þÄyÝþyëûöì˜îû vþzþ™!ßþi!“þîû ²Ì›y’éôé
iV xyöìëûy!vþöì˜îû ICl ~î‚ ICN öëïöì†îû “þ!vþüê !îöìÙÕ¡ìöì’ „þÄyöìíyöìvþ ö„þîœ 

›ye xyöìëûy!vþ˜ ›%_« £ëûÐ ~Ýþy ¢½þî ë!” ICl ~î‚ ICN öëïöì† xyöìëûy!vþ˜ I+ 

S„þÄyÝþyëûöì˜îûV !£öì¢öìî íyöì„þÐ
iiV xyöìëûy!vþ˜ ›öì˜yöì„Ïþyîûy£zvþ– öì„Ïþyöìîûyšþ›Å ç „þyîÅ˜ öÝþÝþÆyöì„Ïþyîûy£zöìvþ oî#¦)þ“þ 

„þöìîû „þÄyÝþyëû˜ !î!˜›ëû„þyîû# öîû!‹öì˜îû ›•Ä!”öìëû ‰þyœ˜y „þîûöìœ öîû!‹öì˜îû „þÄyÝþyëû˜ 
myîûy xyöìëûy!vþ˜ ²Ì!“þßþiy!þ™“þ £ëûÐ ~îû íöì„þ ²Ì›y’ „þîûy ëyëû ICl öëïöì† xyöìëûy!vþ˜ 
I+ S„þÄyÝþyëûöì˜îûV !£öì¢öìî íyöì„þÐ

I3+ „þÄyÝþyëûöì˜îû vþzþ™!ßþi!“þîû ²Ì›y’éôé
!¢œ¦þyîû “þ!vþüêmyîû îÄî£yîû „þöìîû xyöìëûy!vþ˜ ÝþÆy£z xÄy!¢öìÝþÝþöì„þ “þ!vþüê !îöìÙÕ¡ì’ 

„þîûöìœ „þÄyöìíyöìvþ !¢œ¦þyîû ›%_« £ëû ~î‚ ²Ì!“þ @ùÌy› x’% !¢œ¦þyîû xyöìëûyvþy£zvþ 
›%_« £çëûyîû ‹˜Ä !“þ˜ šþÄyîûyöìvþ “þ!vþüöì“þîû ²Ìöìëûy‹˜Ð ~îû öíöì„þ ²Ì›y’ £ëû öë 
xyöìëûy!vþ˜ ÝþÆy£z xÄy!¢öìÝþÝþ öëïöì† xyöìëûy!vþ˜– I3+ xyëû˜ !£öì¢öìî íyöì„þÐ

84. !Ýþ„þy öœ…Ð xyhsþƒéôé£Äyöìœyöì‹˜

vþz_îûéôôôé £Äyöìœyöì‹˜ ö›ïœ=!œîû “þ!vþüêéôéxþ™îûy•›Å#“þy ~î‚ îûy¢yëû!˜„þ ¢!e«ëû“þy 
²Ìyëû „þyŠéy„þy!Šé £çëûyëû þ™îûßþ™îû îûy¢yëû!˜„þ !î!e«ëûy „þöìîû öë !méôéöìëï† vþzêþ™§¬ „þöìîû 
“þyöì”îûöì„þ xyhsþƒéôé£Äyöìœyöì‹˜ öëï† îöìœÐ

‰þyîû²Ì„þyöìîûîû xyhsþƒ £Äyöìœyöì‹˜ öëï† ö”…y ëyëûÐ
iiV AB S!mþ™îû›y’%„þVéôôôé öë›˜éôé ClF
²Ìlßþ!“þéôé öì„Ïþy!îû˜ ç šÏ$þ!îûöì˜îû ¢› xyëû“þ˜ !›×’öì„þ 200oC vþz_® „þîûöìœ 

öì„Ïþy!îû˜ ›öì˜yšÏ$þîûy£zvþ vþzêþ™§¬ £ëûÐ
îûy¢yëû!˜„þ !î!e«ëûyéôé

Cl2(g)    +     F2(g)
200oC

2ClF

•›Åéôé ~!Ýþ î’Å£#˜ †Äy¢Ð
†àþ˜éôé ¢îûœ ÷îû!…„þ éôééôé I–F
iiiV AB3 S‰þ“%þîûþ™îû›y˜%„þVéôôôé öë›˜éôé BrF3



²Ìlßþ!“þéôé ¢y•yîû’ “þyþ™›yeyëû öìîÊy!›˜ ç šÏ$þ!îûöì˜îû !î!e«ëûyëû BrF3 vþzêþ™§¬ £ëûÐ
îûy¢yëû!˜„þ !î!e«ëûyéôé

Br2 (l) + 3F2 (g)
25oC

2BrF3 (l)

•›Åéôé î’Å£#˜ •%›yëû˜›y˜ “þîûœ
†àþ˜éôé

F Cl

F

F

T– xy„,þ!“þ
iiiV AB5 S¡ìvþüþ™îû›y˜%„þVéôé
¢y•yîû’ “þyþ™›yeyëû 15 x˜%þ™yöì“þ xyöìëûy!vþ˜ ç šÏ$þ!îûöì˜îû !î!e«ëûyëû xyöìëûy!vþ˜ 

öþ™rÝþyšÏ$þîûy£zvþ vþzêþ™§¬ £ëûÐ
îûy¢yëû!˜„þ !î!e«ëûyéôé

+ 5 F2 (g)
20oC

2IF5 (s)I2(s)

•›Åéôé î’Å£#˜ „þ!àþ˜ þ™”yíÅÐ
†àþ˜éôé

F F

F F

I

F

î†Åy„þyîû !þ™îûy!›vþ#ëû

ivV AB7 SxÜTþ™îû›y˜%„þVéôé 300oC “þyþ™›yeyëû xyöìëûy!vþöì˜îû ¢öìD šÏ$þ!îûöì˜îû 
!î!e«ëûyëû xyöìëûy!vþ˜ ö£²WzyšÏ$þîûy£zvþ vþzêþ™§¬ £ëû

+ 7 F2 (g)
20oC

2IF7 (s)I2(s)

•›Åéôé î’Å£#˜ †Äy¢
†àþ˜éôé

F

F

F

F

FI

F

F

þ™Mþéöì„þy’#ëû !méôé!þ™îûy!›vþ#ëû

85. !Ýþ„þy öœ…éôé þ™!œ £Äyœy£zvþ

vþz_îûéôôôé ~„þ!Ýþ £Äyœy£zvþ xyëûöì˜îû ¢öìD £Äyöìœyöì‹öì˜îû !î!e«ëûyëû öë öëï† 
vþzêþ™§¬ £ëû “þyöì„þ þ™!œ £Äyœy£zvþ îöìœÐ öë›˜ KI ~îû ‹œ#ëû oîöì’ I2 öëy† 
„þîûöìœ KI3 vþzêþ™§¬ £çëûyëû ~„þ!Ýþ îy”y›# îy œyœ îöì’Åîû oî’ vþzêþ™§¬ £ëûÐ I3

– 
£œ ~„þ!Ýþ þ™!œ £Äyœy£zöìvþîû vþz”y£îû’Ð

KI + I2 KI3

x˜%îû*öìþ™ KBr ~îû ‹œ#ëû oîöì’ Br2 öëy† „þîûöìœ KBr3 vþzêþ™§¬ £ëûÐ 
~…yöì˜ Br3

– ~„þ!Ýþ þ™!œ £Äyœy£zöìvþîû

86. !Ýþ„þy öœ…éôé!¢vþzöìvþyéôé £Äyöìœyöì‹˜

vþz_îûéôôôé öë ¢„þœ ~„þöìëy‹# xþ™îûy•›Å# þ™îû›y’%þ™%O îy ›)œ„þ ëyöì”îû ö¦þï“þ ç 
îûy¢yëû!˜„þ •›Å ¢›)£ £Äyöìœyöì‹˜ ö›ïœ=!œîû x %̃îû*þ™ “þyöì”îûöì„þ !¢vþzöìvþyéôé £Äyöìœyöì‹˜ 
îöìœÐ öë›˜ CN– ç SCN– xyëû˜=!œ £Äyœy£zvþ xyëû˜=!œîû ¢öìD ¢y”,ŸÄþ™)’ÅÐ



87. šÏ$þ!îû˜ x!: xÄy!¢vþ †àþ˜ „þöìîû ˜y ö„þ˜Ú

vþz_îûéôôôé šÏ$þ!îûöì˜îû “þ!vþüê }’yd„þ“þyîû ›y˜ x!:öì‹˜ xöìþ™Çþy öî!Ÿ £çëûyëû 
šÏ$þ!îû˜ x!: xÄy!¢vþ †àþ˜ „þöìîû ˜yÐ

88. !Ýþ„þy öœ…– öì„Ïþy!îûöì˜îû x!: xÄy!¢vþ .

vþz_îû öì„Ïþy!îûöì˜îû ‰þyîû!Ýþ x!: xÄy!¢vþ=!œ £œ HOCl, HClO2, HClO3, 
HClO4

iV £y£zöìþ™yöì„Ïþyîûy¢ xÄy!¢vþ SHOClV
²Ìlßþ!“þéôé ¢”Ä ²Ìlßþ“þ ›yîû!„þvþz!îû„þ x:y£zöìvþîû SHgOV x•ƒöìÇþöìþ™ öì„Ïþy!îû˜ 

‹œ öëy† „þöìîû £y£zöìþ™yöì„Ïþyîûy¢ xÄy!¢öìvþîû SHOClV ‹œ#ëû oî’ vþzêþ™§¬ £ëûÐ 
oî’!Ýþ !šþÎÝþyîû „þöìîû þ™!îûßþË%“þ ¢‚@ùÌ£ „þîûy £ëûÐ ~£z þ™!îûßþË%“þöì„þ þ™y!“þ“þ „þöìîû !îÖkþ 
£y£zöìþ™yöì„Ïþyîûy¢ xÄy!¢vþ þ™yçëûy ëyëûÐ

2HgO + 2Cl2 + H2O = 2HOCl + HgO.HgCl2

•›Å ƒ £y£zöìþ™yöì„Ïþyîûy¢ xÄy!¢vþ SHOClV ›%_« xî¢íyëû £y£zöìþ™yöì„Ïþyîûy¢ xÄy!¢vþ 
þ™yçëûy ëyëû ˜yÐ Ÿ#“þœ ‹œ#ëû oîöì’ ~î‚ xõþ„þyöìîû ~!Ýþ ßþiyëû#Ð ¢y•yîû’ “þyþ™›yeyëû 
~!Ýþ !îöìëûy!‹“þ £öìëû HCl ç O2 vþzêþ™§¬ „þöìîûÐ

†àþ˜éôé

H O Cl

£y£zöìþ™yöì„Ïþyîûy¢ xÄy!¢vþ
iiiV öì„Ïþyîûy¢ xÄy!¢vþ SHClO2Véôé
²Ìlßþ!“þéôé öî!îûëûy› öì„Ïþyîûy£zöìÝþîû ‹œ#ëû oîöì’ œ‡% ¢yœ!šþvþz!îû„þ xÄy!¢vþ öëy† 

„þîûöìœ öì„Ïþyîûy¢ xÄy!¢vþ þ™yçëûy ëyëû ~î‚ öî!îûëûy› ¢yœöìšþöìÝþîû ¢y”y x•ƒöìÇþþ™ 
þ™öìvþüÐ

îûy¢yëû!˜„þ !î!e«ëûy
Ba(ClO2)2 + H2SO4 = BaSO4 + 2HClO2

öî!îûëûy› öì„Ïþyîûy£zÝþ         öî!îûëûy› ¢yœöìšþöìÝþîû
¢y”y x•ƒöìÇþþ™
•›Å éôéöì„Ïþyîûy¢ xÄy!¢vþ SHClO2Véôé ›%_« xî¢íyëû £y£zöìþ™yöì„Ïþyîûy¢ xÄy!¢vþ 

þ™yçëûy ëyëû ˜yÐ ‹œ#ëû oîöì’ ~!Ýþ ~!Ýþ ßþºÒßþiyëû# ßþiyëû#Ð ¢y•yîû’ “þyþ™›yeyëû ~!Ýþ 
!îöìëûy!‹“þ £öìëû ëyëûÐ

†àþ˜éôé

H O Cl

O

ö„Ïþyîûy¢ xÄy!¢vþ
I ö„Ïþy!îû„þ xÄy!¢vþ SHClO3V
²Ìlßþ!“þéôôôé öî!îûëûy› öì„ÏþyöìîûöìÝþîû ‹œ#ëû oîöì˜ œ‡% ¢yœ!šþvþz!îû„þ xÄy!¢vþ öëy† 

„þîûöìœ öî!îûëûy› ¢yœöìšþöìÝþîû ¢y”y x•ƒöìÇþþ™ þ™öìvþü ~î‚ oîöì’ öì„Ïþy!îû„þ xÄy!¢vþ 
vþzêþ™§¬ £ëûÐ

îûy¢yëû!˜„þ !î!e«ëûy
Ba(ClO3)2 + H2SO4  = BaSO4 + 2HClO3

öî!îûëûy› öì„ÏþyöìîûÝþ           öî!îûëûy› ¢yœöìšþöìÝþîû
¢y”y x•ƒöìÇþþ™
•›Å éôéöì„Ïþy!îû„þ  xÄy!¢vþ SHClO3Véôé›%_« xîßþiyëû þ™yçëûy ëyëû ˜yÐ xyöìœyîû 

x˜%þ™!ßþi!“þöì“þ ‹œ#ëû oîöì’ ~!Ýþ ßþiyëû#Ð ~!Ýþ ~„þ!Ýþ Ÿ!_« Ÿyœ# ‹yîû„þ þ™”yíÅÐ 
xyöìœyîû vþzþ™!ßþi!“þöì“þ ~!Ýþ ö¦þöìD ëyëûÐ

†àþ˜éôé

H O Cl

O

O

öì„Ïþy!îû„þ xÄy!¢vþ SHClO3V
ivV þ™yîûöì„Ïþy!îû„þ SHClO4V xÄy!¢vþéôé
…%î „þ› ‰þyöìþ™ þ™Ýþy!¢ëûy› þ™yîûöì„ÏþyöìîûÝþöì„þ ‡˜ ¢yœ!šþvþz!îû„þ xÄy!¢vþ ¢£öìëyöì† 

þ™y!“þ“þ „þîûöìœ þ™yîûöì„Ïþy!îû„þ SHClO4V xÄy!¢vþ þ™yçëûy ëyëûÐ
KClO4 + H2SO4 = KHSO4 + HClO4



•›Åéôôôé þ™yîûöì„Ïþy!îû„þ SHClO4V xÄy!¢vþ ~„þ!Ýþ î’Å£#˜ “þîûœ þ™”yíÅÐ £z£yîû 
ßþ³%þÝþ˜y‚„þ 90oCÐ ~!Ýþ ¢îöì‰þöìëû Ÿ!_«Ÿyœ# xÄy!¢vþ

†àþ˜éô

H O Cl

O

O

O

 é
þ™yîûöì„Ïþy!îû„þ xÄy!¢vþ

90. Ýþ#„þy öœ…éôé„¤þy‰þ ö…y”y£z SEtching of GlassV

vþz_îûéôôôé öë „þyöì‰þîû vþzþ™îû ö…y”y£z „þîûöì“þ £ëû ö¢£z „¤þyöì‰þîû vþzþ™îû ~„þ!Ýþ ö›yöì›îû 
²Ìöìœþ™ ö”çëûy £ëûÐ ~îûþ™îû ~£z ö›y› ²Ìöìœþ™ ö„þöìÝþ „¤þyöì‰þîû vþzþ™îû ˜„þ¢y „þîûy £ëû 
~î‚ ú x‚öìŸîû ö›y› ¢!îûöìëû þ™!îûÜñyîû „þîûy £ëûÐ ~£z þ™!îûÜñyîû x‚öìŸ 40–60% 
HF ~îû ‹œ#ëû oî’ myîûy x‚!„þ“þ ˜:yîû vþzþ™îû ²Ìöìœþ™ ö”çëûy £ëûÐ öëöì£“%þ „¤þyöì‰þîû 
›)œ vþzþ™y”y˜ SiO2 “þy£z !¢!œ„þyîû ¢öìD !î!e«ëûyëû šÏ$þöìîûy!¢!œ!¢„þ xÄy!¢vþ vþzêþ™§¬ 
„þöìîûÐ ~îû „¤þyöì‰þîû þ™,Ûþ !„þŠ%éÝþy Çþëû £öìëû ~„þ!Ýþ ˜„þŸyîû ¢,!ÜT „þöìîûÐ ~öì„þ£z £z!‰þ‚ 
xšþ @Õy¢ îöìœ SEtching of GlassVÐ

îûy¢yëû!˜„þ !î!e«ëûyéôé
SiO2 + 4HF = SiF4 + 2H2O
SiF4 + 2HF = H2SiF6

šÏ$þöìîûy!¢!œ!¢„þ xÄy!¢vþ

91. IF7 ~îû x!hßþc xyöìŠé !„þlsþ ICl7 ~î‚ IBr7 ~îû x!hßþc ˜y£zÐ îÄy…Äy „þîûÐ

vþz_îûéôôôé IF7 x’%öì“þ xyöìëûy!vþöì˜îû ‹yîû’ ¢‚…Äy +7 ëy xyöìëûy!vþöì˜îû ¢öìîÅyF‰þ 
‹yîû’ ¢‚…ÄyÐ xyöìëûy!vþöì˜îû Ç%þo xy„þyîû– x!•„þ “þ!vþüê }’yd„þ“þy ~î‚ Ÿ!_«Ÿyœ# 
‹yîû„þ þ™”yíÅ £çëûyîû ‹˜Ä šÏ$þ!îû˜– xyöìëûy!vþ˜öì„þ ¢öìîÅyF‰þ ‹yîû’ hßþöìîû öþ™ïŠéyöì“þ 
¢y£yëÄ „þöìîûÐ !„þlsþ öì„Ïþy!îû˜ ~î‚ xyöìëûy!vþöì˜îû xy„þyîû xöìþ™Çþy„,þ“þ îvþü– „þ› 
“þ!vþüê }’yd„þ“þy ~î‚ „þ› Ÿ!_«Ÿyœ# ‹yîû„þ þ™”yíÅ £çëûyëû xyöìëûy!vþöì˜îû ¢öìîÅyF‰þ 

‹yîû’ hßþöìîû öþ™ïŠéyöì“þ þ™yöìîû ˜yÐ ~£z „þyîûöì’ IF7 ~îû x!hßþc xyöìŠé !„þlsþ ICl7 
~î‚ IBr7 ~îû x!hßþc ˜y£zÐ

92. vþz£z‹ ~îû !î„þyîû„þ „þ#Ú ~îû îÄî£yîû öœ…Ð

vþz_îûéôôôé öì@Õ!¢ëûyœ xÄy!¢!Ýþ„þ xÄy!¢öìvþ oî#¦)þ“þ xyöìëûy!vþ˜ ›öì˜y vþz£z‹ ~îû 
!î„þyîû„þ öì„Ïþyîûy£zvþ oî’öì„þ vþz£z‹ ~îû !î„þyîû„þ îöìœÐ ö“þœ ç ‰þ!îÅ ‹y“þ#ëû þ™”yöìíÅîû 
x¢Á™,_«yîû þ™!îû›yþ™öì’îû ‹˜Ä vþz£z‹ ~îû !î„þyîû„þ îÄî£yîû „þîûy £ëûÐ

93. !Ýþ‚‰þyîû xyöìëûy!vþ˜ „þyöì„þ îöìœÚ £z£yîû îÄî£yîû öœ…Ð

vþz_îûéôôôé öîû„þ!Ýþšþy£zöìvþ !ßþ™!îûöìÝþ oî#¦)þ“þ 5–7% xyöìëûy!vþöì˜îû oî’öì„þ !Ýþ‚‰þyîû 
xyöìëûy!vþ˜ îöìœÐ þ™Ýþy!¢ëûy› xyöìëûyvþy£zöìvþîû ‹œ#ëû oîöì’ xyöìëûy!vþ˜ oî#¦)þ“þ „þöìîû 
öîû„þ!Ýþšþy£zöìvþ !ßþ™!îûÝþ öëy† „þîûöìœ !Ýþ‚‰þyîû xyöìëûy!vþ˜ vþzêþ™§¬ £ëûÐ ‹#îy’%˜yŸ„þ 
îû*öìþ™ ç îÄyíy öî”˜y „þ›yöì“þ !Ýþ‚‰þyîû xyöìëûy!vþ˜ îÄî£yîû „þîûy £ëûÐ

94. xyöìëûy!vþ˜ ‹öìœîû “%þœ˜yëû þ™Ýþy!¢ëûy› xyöìëûyvþy£zöìvþîû ‹œ#ëû oîöì’ x!•„þ 
›yeyëû oî#¦)þ“þ £ëû ö„þ˜Ú

vþz_îûéôôôé xyöìëûy!vþ˜ ‹öìœ ¢y›y˜Ä þ™!îû›y’ oî#¦)þ“þ £ëûÐ !„þlsþ þ™Ýþy!¢ëûy› 
xyöìëûyvþy£zöìvþîû ‹œ#ëû oîöì’ xyöìëûy!vþ˜ öëy† „þîûöìœ x!•„þ ›yeyëû oî#¦)þ“þ £öìëû 
œyœ îöì’Åîû oî’ vþzêþ™§¬ £ëû „þyîû’ KI ~îû ¢öìD I2 !î!e«ëûyëû KI3 ˜y›„þ ~„þ!Ýþ 
‹!Ýþœ öëï† vþzêþ™§¬ £çëûyëû ~îû*þ™ ‡öìÝþÐ

95. XeF2, XeF4, XeF6, XeOF2, XeOF4 „þ#¦þyöìî ²Ìlßþ“þ „þîûöìîÚ

vþz_îûéôôôé XeF2– 400oC vþz¡Œ“þyëû !˜öì„þœ !Ýþvþzöìî 2 :1 x˜%þ™yöì“þ ö‹˜˜ ç 
šÏ$þ!îû˜ !›!Ÿöìëû vþz_® „þîûöìœ ö‹˜˜ vþy£z šÏ$þîûy£zvþ SXeF2V vþzêþ™§¬ £ëûÐ

Xe + F2 = XeF2

XeF4–400oC vþz¡Œ“þyëû 5–6 atm ‰þyöìþ™ !˜öì„þœ !Ýþvþzöìî 1:5 x˜%þ™yöì“þ 
ö‹˜˜ ç šÏ$þ!îû˜ !›!Ÿöìëû vþz_® „þîûöìœ ö‹˜˜ öÝþÝþÆy šÏ$þîûy£zvþ SXeF4V vþzêþ™§¬ £ëûÐ

Xe + 2F2 = XeF4

XeF6–200oC vþz¡Œ“þyëû 50–60 atm ‰þyöìþ™ !˜öì„þœ !Ýþvþzöìî 1:20 x˜%þ™yöì“þ 
ö‹˜˜ ç šÏ$þ!îû˜ !›!Ÿöìëû vþz_® „þîûöìœ ö‹˜˜ ö£:yšÏ$þîûy£zvþ SXeFV vþzêþ™§¬ £ëûÐ

Xe + 3F2 = XeF6



XeOF4, XeF4 ç XeF6 ~îû xy‚!Ÿ„þ xyîûo!îöìÙÕ¡ìöì’ XeOF4 vþzêþ™§¬ £ëûÐ
XeF2 + H2O = XeOF2 + 2HF
XeF6 + H2O = XeOF4 + 2HF

96. †àþ˜ !˜˜Åëû „þîûÐ

XeF2, XeF4, XeF6, XeOF2, XeOF4, I3
–

vþz_îû
XeF2 ~îû †àþ˜ ƒ
Xe þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢– 5S25P6

šÏ$þ!îû˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé2S22P5

¢%“þîûy‚ Xe þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû 8 !Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# ~„þîõþöì˜ 
ë%_« 2 šÏ$þ!îû˜ þ™îû›y’%îû 2 !Ýþ £zöìœ„þÝþÆ˜

= 10 !Ýþ £zöìœ„þÝþÆ˜
= 5 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 2 !Ýþ îõþ˜ ö‹yvþü + 3 !Ýþ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
= 5 !Ýþ !¢†›y îõþ˜ + 3 !Ýþ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
= SP3d
¢%“þîûy‚ ‹Äy!›!“þ„þ †àþ˜ ¢îûœ÷ìîû!…„þ

Xe

F

F

XeF4 ~îû †àþ˜ ƒ
Xe þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢– 5S25P6

šÏ$þ!îû˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé2S22P5

¢%“þîûy‚ Xe þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû 8 !Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# ~„þîõþöì˜ 
ë%_« 4 šÏ$þ!îû˜ þ™îû›y’%îû 4 !Ýþ £zöìœ„þÝþÆ˜

= 12 !Ýþ £zöìœ„þÝþÆ˜
= 6 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 2 !Ýþ îõþ˜ ö‹yvþü + 3 !Ýþ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü

= 4 !Ýþ !¢†›y îõþ˜ + 2 !Ýþ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
= SP3d2

¢%“þîûy‚ ‹Äy!›!“þ„þ †àþ˜ î†Åy„þyîû ¢›“þœ#ëû

 

F

F F

F

Xe

XeF6 ~îû †àþ˜ ƒ
Xe þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢– 5S25P6

šÏ$þ!îû˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé2S22P5

¢%“þîûy‚ Xe þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû 8 !Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# ~„þîõþöì˜ 
ë%_« 6 šÏ$þ!îû˜ þ™îû›y’%îû 6 !Ýþ £zöìœ„þÝþÆ˜

= 14 !Ýþ £zöìœ„þÝþÆ˜
= 7 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 6 !Ýþ îõþ˜ ö‹yvþü + 1 !Ýþ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
= 7 !Ýþ !¢†›y îõþ˜ + 1 !Ýþ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
= SP3d3

!î„,þ!“þ †àþ˜ ƒ
XeOF2

Xe þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢– 5S25P6

šÏ$þ!îû˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé2S22P5

x!:öì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé2S22P4

¢%“þîûy‚ Xe þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû 8 !Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# ~„þîõþöì˜ 
ë%_« 2 šÏ$þ!îû˜ þ™îû›y’%îû 2!Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# !mîõþöì˜ ë%_« ~„þ!Ýþ x!:öì‹˜ 
þ™îû›y’%îû ”%!Ýþ £zöìœ„þÝþÆ˜

= 12 !Ýþ £zöìœ„þÝþÆ˜
= 6 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 4 !Ýþ îõþ˜ ö‹yvþü + 2 !Ýþ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
= 3 !¢†›y îõþ˜ + 1!Ýþ þ™y£z îõþ˜ + 2 !Ýþ !˜¢D £zöìœ„þÝþÆ˜ ö‹yvþü
= sp3d



= T–shaped

O Xe

F

F

Tôé xy„,þ!“þ
XeOF4 †àþ˜éôé
Xe þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôôôé 5S25P6

šÏ$þ!îû˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé 2S22P5

x!:öì‹˜ þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû £zöìœ„þÝþÆ˜ !î˜Äy¢éôé 2S22P4

¢%“þîûy‚ Xe þ™îû›y’%îû öëy‹Ä“þy „þöìÇþîû 8 !Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# ~„þîõþöì˜ 
ë%_« 4 !Ýþ šÏ$þ!îû˜ þ™îû›y’%îû 4!Ýþ £zöìœ„þÝþÆ˜ + ¢›öìëy‹# !mîõþöì˜ ë%_« ~„þ!Ýþ 
x!:öì‹˜ þ™îû›y’%îû ”%!Ýþ £zöìœ„þÝþÆ˜

= 14 !Ýþ £zöìœ„þÝþÆ˜
= 7 !Ýþ £zöìœ„þÝþÆ˜ ö‹yvþü
= 6 !Ýþ îõþ˜ ö‹yvþü + 1 !Ýþ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
= 5 !¢†›y îõþ˜ + 1!Ýþ þ™y£z îõþ˜ + 1 !Ýþ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü
= sp3d2

= î†Åy„þyîû !þ™îûy!›vþ#ëû

F F

FF

Xe

O

MCQ–

1.  öîyîûyöì: B–O–B ¢‚öìëy† ~î‚ B–OH îõþ˜#îû ¢‚…Äy ëíye«öì›éôé WBJEE 
13.

A) þ™y¤‰þ ~î‚ ‰þyîû  B) ‰þyîû ç þ™y¤‰þ
C) !“þ˜ ç ‰þyîû D) þ™y¤‰þ ~î‚ þ™y¤‰þ

2.  !˜Á¬!œ!…“þ •y“%þ=!œîû ›öì•Ä þ™,!íî# þ™,öìÛþ ö„þy˜!Ýþîû ²Ìy‰%þëÅ öîŸ#éôéWBJEE 
12

A) xÄyœ%!›!˜ëûy› B) „þÄyœ!¢ëûy›
C) ›Äy†öì˜!¢ëûy› D) ö¢y!vþëûy›

3.  BCl3– AlCl3 ç GaCl3 ~îû ›öì•Ä e«›î•Å›y˜ xyëû˜#ëû ‰þ!îûöìeîû e«›éôé 
WBJEE 13

A) BCl3 < AlCl3 < GaCl3 B) GaCl3 < AlCl3 < BCl3
C) BCl3< GaCl3 < AlCl3 D) AlCl3 < BCl3 < GaCl3

4.  ˜#öì‰þîû ö„þy˜!Ýþ x÷ì‹î @ùÌyšþy£zÝþ ˜yöì› þ™!îû!‰þ“þéôôôé
A) BN B) CaC2
C) Al4C3 D) AlN

5.  !˜öìvþyöìîyöìîûöì˜îû ¢y•yîû’ ¢öìBþ“þ £œééôôôé
A) BnHn+4 B) BnHn+6

C) [BnHn]
2– D) ö„þy˜!Ýþ ˜ëû

6. BF3 ç LiH–~îû !î!e«ëûyëû ˜#öì‰þîû ö„þy˜!Ýþ vþzêþ™§¬ £ëûééôôôé
A) B2H6 B) [B6H6]

2–

C) B4H10 D) ö„þy˜!Ýþ ˜ëû

7.  BF3– BCl3– BBr3– BI3ôé~öì”îû xÄy!¢vþ •öì›Åîû î,!kþîû e«›ééôôôé
A) BF3 < BCl3 < BBr3 < BI3 B) BF3 < BBr3 < BCl3 < BI3

C) BCl3 <BF3 < BBr3 < BI3 D) ö„þy˜!Ýþ ˜ëû

8.  ˜#öì‰þîû ö„þy˜!Ýþ „þy˜Åy£zöìÝþîû ¢öìBþ“þéôôôé
A) Na2B4O7.4H2O B) Na2B4O7.10H2O
C) Na2B4O7.H2O D) ö„þy˜!Ýþ ˜ëû



9.  ˜#öì‰þîû ö„þy˜ ö›ïœ!Ýþîû !˜!Ü;þëû ö‹yvþü ²Ì¦þyî öî!Ÿ „þyëÅ„þîû#éôôôé
A) Tl B) Ga
C) In D) B

10.  B12 xy£zöì„þy¢yöì£vÈþyöìœ (icosdahedral unit) Ÿ#¡ìÅ !î¨% ç þ™,Ûþ“þöìœîû 
¢‚…Äy ëíye«öì›éôôôé

A) 12 !Ýþ ç 20!Ýþ B) 12 !Ýþ ~î‚ 12 !Ýþ
C) 15 !Ýþ ~î‚ 14!Ýþ D) 12 !Ýþ ~î‚ 32!Ýþ

11.  £#îûöì„þîû ~„þ„þ ö„þyöì¡ì „þyîÅ˜ þ™îû›y’% ¢‚…Äyéôôôé NEET–UG–13
A) 6 B) 1
C) 4 D) 8

12.  !¢!œöì„þÝþ öëï†=!œîû ›%œ †àþ˜ ~„þ„þ £œéôéNEET–UG–13
A) SiO3

2– B) SiO4
2–

C) SiO– D) SiO4
4–

13.  ö„þy˜!Ýþöì“þ 3C–2e £zöìœ„þÝþÆ˜ îõþ˜ î“Åþ›y˜éôôôé
A) BN B) B2H6
C) BCl3 D) SiO4

4

14.  öîyîûyöì:îû ‹œ#ëû oîöì’îû ²Ì„,þ!“þéôôôé

A) xy!ÁÔ„þ B) ²ÌŸ›
C) Çþyîû#ëû D) ö„þy˜!Ýþ ˜ëû

15. öîyîûy:öì„þ vþz_® „þîûöìœ ÷… ~îû ›“þ š%þöìœ çöìàþ „þyîû’éôôôé

A) B2O3 !˜†Å“þ £ëû B) NaBO2 !˜†Å“þ £ëû
C) öîyîûy: ›•Äßþi ö„þœy¢ ‹œ îyÜ™#¦%þ“þ £ëû
D) ö„þy˜!Ýþ ˜ëû

16.  öîy!îû„þ xÄy!¢vþ ~„þ!Ýþéôôôé

A) öì²ÌyöìÝþy!˜„þ xÄy!¢évþþ B) œ%£z¢ xÄy!¢vþ
C) Çþyîû#ëû D) ö„þy˜!Ýþ ˜ëû

17.  x÷ì‹î öî!O˜ îœy £ëûéôôôé

A) öîyîû˜ ˜y£zÝþÆy£zvþ B) öîyîûyöì‹yœ
C) vþy£zöìîyöìîû˜ D) ö„þy˜!Ýþ ˜ëû

18.  ö„þyöìœ›Äy˜y£zöìÝþîû ¢öìBþ“þ £œééôôôé
A) Ca2B6O11 B) Na2B4O7

C) Na2[B4O5(OH)4].8H2O D) ö„þy˜!Ýþ ˜ëû

19.  ¢îöì‰þöìëû „þ!àþ˜“þ› þ™”yíÅ £œééôôôé

A) £#îû„þ B) öîyîû˜ „þyîÅy£zvþ
C) !¢!œ„þ˜ „þyîÅy£zvþ D) ö„þy˜!Ýþ ˜ëû

20.  öîyîûy: î#vþ þ™îû#Çþyëû ö„þyîyÎÝþ œî’ öë î’Å ¢,!ÜT „þöìîû “þy £œéôôôé

A) îy”y›# B) ¢î%‹
C) †y‘þü ˜#œ î’Å D) ö„þy˜!Ýþ ˜ëû s

21. ÝþÆy£z!¢œy£zœxÄy!›˜ [NSSiH3)3] ~îû ‹Äy!›!“þ„þ †àþ˜ééôôôé

A) ‰þ“%þhßþœ„þ#ëû B) !eöì„þy’#ëû ¢›“þœ#ëû
C) !þ™îûy!›vþ#ëû D) ö„þy˜!Ýþ ˜ëû

22. „þyöìîÅyöì‹˜ †Äyöì¢îû vþzþ™y”y˜ £œéôôôé

A) CO, O2 ç CO2 B) CH4, O2 ç CO2

C) CO,  CO2 D) CO, O3 ç CO2

23.  öî!„þ‚ þ™yvþzvþyîû £œééôôôé

A) þ™Ýþy!¢ëûy›éôé£y£zöìvÈþyöì‹˜ ÝþyîûÝþyöìîûÝþ– ö¢y!vþëûy› îy£z„þyîÅöì̃ Ýþ– ÝþyîûÝþy!îû„þ xÄy!¢vþ 
ç ÞÝþy‰Åþ

B) þ™Ýþy!¢ëûy›éôé£y£zöìvÈþyöì‹˜ ÝþyîûÝþyöìîûÝþ– ÝþyîûÝþy!îû„þ xÄy!¢vþ ç ÞÝþy‰Åþ
C) þ™Ýþy!¢ëûy›éôé£y£zöìvÈþyöì‹˜ ÝþyîûÝþyöìîûÝþ– ö¢y!vþëûy› îy£z„þyîÅöì˜Ýþ–
D) ÝþyîûÝþy!îû„þ xÄy!¢vþ ç ÞÝþy‰Åþ

24.  ö„þy˜ä ²Ì„þyîû !¢!œöì„þÝþ †àþ˜y„,þ!“þöì“þ [SiO4]4éôé~îû ~„þ!Ýþ x!:öì‹˜ þ™îû›y’% 
öëy‹„þîû*öìþ™ xîßþiy˜ „þöìîûéôé [AIPMT]

A) ÷îû!…„þ Ÿ,Cœ !¢!œöì„þÝþ B) Ÿ#Ýþ !¢!œöìœÝþ



C) þ™y£zöìîûy!¢!œöì„þÝþ D) !eéôé›y!e„þ !¢!œöì„þÝþ

25. š%þœy!îû˜ C70 x’%îû þ™Mþé¦%þöì‹îû ¢‚…Äyéôôôé
A) 20 B) 25
C) 12 D) ö„þy˜!Ýþ ˜ëû

26. š%þœy!îû˜ C60 x’%îû þ™Mþé¦%þöì‹îû ¢‚…Äyéôôôé
A) 20 B) 25
C) 12 D) ö„þy˜!Ýþ ˜ëû

27. ˜#öì‰þîû ö„þy˜!Ýþ xyoÅ !îöìÙÕ!¡ì“þ £ëû ˜yéôôôé
A) SiCl4 B) CCl4
C) PCl3 D) BCl3

28. „þ!àþ˜ xîßþiyëû PCl5 !îîûy‹ „þöìîûéôéWBJEE–16

A) [PCl4]
– ~î‚ [PCl6]

+ xyëû˜ !£öì¢öìî
B) ¢›öìëy‹# PCl5 x’% !£öì¢öìî
C) [PCl4]

+ ~î‚ [PCl6]
– xyëû˜ !£öì¢öìî    

D) ¢›öìëy‹# P2Cl10 x’% !£öì¢öìî

29. HF, HCl, HBr ç HI xÁÔ•›Å#“þyîû î,!kþîû e«›éôôôé
A) HF < HCl < HBr <HI B) HBr < HF < HCl < HI
C) HCl <HF < HBr <HI D) HI < HCl <HF < HBr

30. HF, HCl, HBr ç HI ßþ³%þÝþ˜y‚öì„þîû î,!kþîû e«›éôôôé
A) HF < HCl < HBr <HI B) HBr < HF < HCl < HI
C) HCl < HBr <HI <HF D) HI < HCl <HF < HBr

31. H2O, H2S, H2Se ç H2Te ßþ³%þÝþ˜y‚öì„þîû î,!kþîû e«›éôôôé
A) H2S < H2Se < H2Te < H2O B) H2Te < H2S < H2Se < H2O
C) H2Se < H2Te < H2S < HvO D) H2S < H2Te < H2Se < H2O

32. H2O, H2S, H2Se ç H2Te xÄy!¢vþ •öì›Åîû î,!kþîû e«›éôôôé
A) H2O < H2S < H2Se < H2Te B) HvTe < H2S < H2Se < H2O
C) H2Se < H2Te< H2S < H2O D) H2S < H2Te < H2Se < H2O

33. vþz£z‹ !î„þyîû„þ £œééôôôé

A) ö@Õ!¢ëûyœ xÄy!¢!Ýþ„þ xÄy!¢öìvþ oî#¦)þ“þ xyöìëûy!vþ˜ ›öì˜y ö„Ïþyîûy£zöìvþîû oî˜
B) ö@Õ!¢ëûyœ xÄy!¢!Ýþ„þ xÄy!¢öìvþ oî#¦)þ“þ xyöìëûy!vþ˜ oî˜
C) ö@Õ!¢ëûyœ xÄy!¢!Ýþ„þ xÄy!¢öìvþ oî#¦)þ“þ öîÊy!›˜ oî˜
D) „þyîÅ˜ öÝþÝþÆyöì„Ïþyîûy£zöìvþ oî#¦)þ“þ öîÊy!›˜ oî’

34. ˜#öì‰þîû ö„þy˜!Ýþ Šép £Äyœy£zvþ ˜ëûéôôôé
A) CN– B) SCN–

C) N3– D) I–

35. H3PO4, H3PO3, H3PO2éôéxÄy!¢vþ •öì›Åîû î,!kþîû e«›éôôôé
A) H3PO4 > H3PO3 >H3PO2 B) H3PO4 < H3PO < H3PO2
C) H3PO2 < H3PO4 < H3PO3 D) H3PO4 < H3PO2 < H3PO3

MCQ–Ans–

 1. (A) 2. (A) 3. (C) 4. (A) 5. (A) 6. (A) 7. (A) 8. (A) 9. (A) 
10. (A) 11. (D) 12.(D) 13. (B) 14. (B) 15.(C) 16. (B) 17. (B) 
18. (A) 19. (B) 20.(C) 21. (B) 22. (A) 23. (A) 24. (C) 25. 
(C) 26. (A) 27. (B) 28. (C) 29. (A) 30. (C) 31. (A) 32. (A) 
33. (A) 34. (D) 35. (B)


