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1& /FKJUTYBHT<F      

jhufyekb yfthsbc vjktrekfib /fkjutybc it.dfyfc 
/fkjutybht,f tojlt,f& 

/fkjutyyfofhvt,b ufvjbhxtdf vfqfkb htfmwbbc-
eyfhbfyj,bs^ fldbkfl xfbyfwdkt,bfy vhfdfkb c[dflfc[df 
aeymwbehb ]ueabs lf itcf,fvbcfl ufhlfbmvyt,bfy 
jhufyek yfthssf c[dflfc[df rkfct,fl& ufhlf fvbcf^ bcbyb 
ofhvjflutyty cfertstcj ufv[cytkt,c& fmtlfy ufvjvlbyfht^ 
fh fhct,j,c jhufyek yfthssf sbsmvbc fhw thsb rkfcb^ 
hjvtksf cbystpib afhsjl fh ufvjb.tyt,jltc /fkjuty-
yfthst,b^ fvbnjv jhufyekb cbystpbc kf,jhfnjhbf bo.t,c 
sfdbc itvjmvtlt,bs fhct,j,fc v[jkjl vfiby^ hjwf 
mbvbrjcc fmdc /fkjutyyfthst,b& 

/fkjutyyfofhvt,bc htfmwbbceyfhbfyj,f bphlt,f 
itvltub vorhbdbc vb[tldbs%   

RI > RBr > RCl > RF 
/fkjutyyfthst,blfy lblb ufvj.tyt,f fmdc mkjh lf 

,hjv yfofhvt,c& 
fkrbk- lf fhbk,hjvblt,b [fcbfslt,bfy itcf,fvbc 

mkjhyfofhvt,sfy itlfht,bs vfqfkb htfmwbbceyfhbfyj-
,bs^ vfuhfv vfsb ufvj.tyt,f ofhvjt,fib itpqelekbf 
eahj vfqfkb qbht,ekt,bs& bjlyfofhvt,b rb itlfht,bs 
'ytkfl vbbqt,bfy lf fhfvluhflt,b fhbfy& anjhyfofhvt,b 
yfrkt,fl itcofdkbkbf lf fmds cgtwbabrehb ufvj.tyt,f& 

/fkjutybc it.dfyf vbvlbyfhtj,c /fkjutybht,bc 
c[dflfc[df htfutynbc cfiefkt,bs& /fkjutybht,bc htfuty-
nt,bf% 

/fkjutyt,b- Cl2 , Br2, ~yfrkt,fl ufvjb.tyt,f I2^ F2`* 
bjlb lf ,hjvb obstkb ajcajhbc sfyfj,bcfc ~P+I2^ P+Br2`* 
/fkjutyo.fk,flv;fdt,b HCl, HBr ~yfrkt,fl ufvjb.tyt,f 
HF lf HI`& 

 lblb ufvj.tyt,f fmdc ajcajhbc /fkjutyyfofhvt,c% 
cfv lf [esmkjhbfy lf itcf,fvbcfl ,hjvbfy ajcajhc PCl3,  
PCl5, PBr3, PBr5  ajcajhv;fdfc mkjh lf ,hjv fy/blhb-
lt,c - POCl3, POBr3^ mkjhbfy lf ,hjvbfy cekaehbkc^ 
SO2Cl2,  SO2Br2 ~ujubhlbc /fkjutyfy/blhblt,b`^ mkjhbfy 
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lf ,hjvbfy sbjybkc SOCl2, SOBr2 ~ujubhljdfyb v;fdfc 
/fkjutyfy/blhblt,b`^ cgtwbabrehb ufvj.tyt,f fmdc 

/bgj/fkjutyv;fdt,c HClO, HBrO^  
S2Cl2, SiCl4-c& 

 ,hjvbc it.dfyfc ~h,bk 
gbhj,t,ib` vjktrekfib fhct,ekb 
aeymwbehb ]ueat,bc ityfhxeyt,bs 
fofhvjt,ty N-,hjvcemwbybvblbcf 
lf N-,hjvasfkbvblbc ufvj.tyt-
,bs& 

jhufyekb cbystpbcfsdbc 
vybidytkjdfybf C-Hal ,vbc ofh-
vjmvyf& .dtkf ghjwtcb^ hjvtkcfw 
C-Hal ,vbc ofhvjmvyfvlt vbd.fdfhs^ 
itb'kt,f lfb.jc jh 'bhbsfl 

rkfcfl% gbhlfgbh lf fhfgbhlfgbh /fkjutybht,bc htfm-
wbt,fl&  

 gbhlfgbhb /fkjutybht,bc htfmwbt,c vbtresdyt,f 
jhufyek vjktrekfib o.fk,flbc /fkjutybs xfyfwdkt,f 

lf /fkjutybc vbthst,f ]thfl ,vfcsfy ~>C=C<, -C≡C-`& 
ufhlf fvbcf^ /fkjutybc it.dfyf itb'kt,f c[df aeymwbehb 
]ueat,bc xfyfwdkt,bs& vfu& /blhjmcbkbc ]ueabcf -
 cgbhnt,ib& tc fhbc fhfgbhlfgbhb /fkjutybht,f& jhbdt 
itvs[dtdfib ofhvjbmvyt,f yf[ibho.fk,flt,bc /fkjuty-
ofhvjt,ekt,b& lblb vybidytkj,f fmdc fuhtsdt /fkjutybc 
it.dfyfc rfh,jmcbkbc^ fvbyj^ fvbleh^ cekaj lf c[df 
aeymwbeh ]ueat,ib^ hfw phlbc fv ]ueat,bc htfmwbbc-
eyfhbfyj,fc&  

N

O

O

Br

N

O

O

Br

N-,hjvcemwbybvblb

N-,hjvasfkbvblb
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1&1& FWBRKEHB YFTHST<BC /FKJUTYBHT<F     
 

1&1&1&   FKRFYT<BC /FKJUTYBHT<F      

 
 yf]thb yf[ibho.fk,flt,bc /fkjutybht,f 'bhbsf-

lfl gbhlfgbhb upbs^ t&b& sfdbceafkb /fkjutybc vjm-
vtlt,bs [jhwbtklt,f% 

C H + Hal2 C Hal + HHal
 

htfmwbt,ib o.fk,flbc xfyfwdkt,bc eyfhbc vb[tldbs 
/fkjutyt,b fct ufykfult,bfy F >Cl >Br >I. 

 yf]thb yf[ibho.fk,flt,bc gbhlfgbhb /fkjut-
ybht,bc htfmwbblfy .dtkfpt lblb vybidytkj,f fmdc mkj-
hbht,bc htfmwbfc& yf[ibho.fk,flt,bc mkjhbht,bcfc ofh-
vjbmvyt,f /fkjutyofhvjt,ekt,bc yfhtdb&  

evfhnbdtcb fkrfybc-vtsfybc mkjhbht,f vbvlbyf-
htj,c itvltub ghjlemnt,bc ofhvjmvybs% 

CH4 +Cl2 → CH3Cl, CH2Cl2, CHCl3, CCl4, HCl 
 fkrfyt,ib vfcbc phlfcsfy thsfl yfhtdib bphlt,f 

/fkjutyofhvjt,ekt,bc hfjltyj,f& 
fkrfyt,bc /fkjutybht,bc htfmwbf cfae'dkbfyflff 

itcofdkbkb lf lflutybkbf vbcb hflbrfkeh - ]fzdehb 
vtmfybpvb& 

 /fkjutybc hflbrfkbc bybwbht,f [lt,f cbs,ehb fy 
c[bdehb tythubbc vjmvtlt,bs fy jhufyekb gthjmcblt,bc 
R-O-O-R lfvfnt,bs^ hjvtksfw eyfhb fmds fldbkfl 
ofhvjmvyfy sfdbceafkb hflbrfkt,b% 

1. Cl2 
hν⎯⎯→  2Cl⋅     ]fzdbc bybwbht,f 

2. CH4 + Cl⋅ → CH3⋅ + HCl   ]fzdbc ufuh'tkt,f 

3. CH3⋅ + Cl2 → CH3Cl + Cl⋅ 
4. CH3Cl + Cl⋅ → ⋅CH2Cl + HCl  lf f&i& CCl4-bc 

ofhvjmvyfvlt 
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fqcfybiyfdbf^ hjv mkjhbht,bc ghjwtcbc 
vcdktkj,bcfsdbc fewbkt,tkbf lfc[bdt,f velvbdfl ~t&b& 
ufyeo.dtntkb lfc[bdt,bs fy ufw[tkt,bs`^ dbyfblfy 
ptvjfqybiyekb htfmwbt,bc ufhlf^ lblb cbcohfabs 
vbvlbyfhtj,ty t&o& ]fzdbc ufo.dtnbc itvltub htfmwbt,b% 

2 Cl⋅ → Cl2 
2 CH3⋅  CH3-CH3 
Cl⋅ + ⋅CH3  CH3Cl lf f&i& 
fkrfyt,bc mkjhbht,bcfc pjvbthb ntvgthfnehbc 

gbhj,t,ib o.fk,flfnjvt,bc xfyfwdkt,f mkjhbs yf[ibh-
,flfnjvbc ,eyt,blfy ufvjvlbyfht bwdkt,f itvltuyfbhfl% 

C H C
H

H C
H

H
H

vtcfvtekb vtjhtekb gbhdtkflb

> >

 
ntvgthfnehbc ufphlbs tc c[dflfc[dfj,f vwbhlt,f^ 

[jkj 600 °C-pt xfyfwdkt,f [lt,f thsyfbhb cbxmfhbs& 
fmdt eylf fqbybiyjc^ hjv fnjvt,bc ehsbths-

ufdktybc ufvj mkjhbs thsxfyfwdkt,ekb yf[ibh,flbc 
fnjvb eahj fmnbehfl xfbyfwdkt,c mkjhbc vtjht fnjvc^ 
dblht xfeyfwdkt,tkb% 

CH3-CH3  CH3-CH2Cl  CH3-CHCl2  CH3-CCl3 
 CH2Cl-CCl3    lf f& i& 

 fkrfyt,bc ,hjvbht,f vbvlbyfhtj,c ytkf^ vfuhfv 
ithxtdbsfl& gjkb,hjvblt,bc ofhvjmvyf v[jkjl vwbht 
hfjltyj,bs [lt,f& bjlb yf]th yf[ibho.fk,flt,sfy fh 
ehsbthsmvtlt,c& jsf[bc ntvgthfnehfpt asjhbc ehsb-
thsmvtlt,f fkrfyt,sfy vbvlbyfhtj,c ‘kbth tythubekfl 
lf itb'kt,f fatsmt,f ufvjbodbjc& asjhbht,fc sfy f[kfdc 
fhf vfhnj o.fk,flfnjvt,bc xfyfwdkt,f fhfvtl yf[ibh-
o.fk,flbc ]fzdbc rhtrbyub& t&b& flubkb fmdc ltcnhem-
wbek asjhbht,fc& tc ufvjodtekbf asjhbht,bc htfmwbbc 
s,ehb tatmnbc vfqfkb vybidytkj,bs^ hjvtkbw njkbf 
103 rrfk -bc^ mkjhbht,bc vcufdcb htfmwbbc lhjc ufvjb.j-
af 23 rrfk^ C-C ,vbc lbcjwbfwbbc cbs,j rb 58^6 rrfk-c el-
hbc& 
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ltcnhemwbekb vjmvtlt,f itb'kt,f itvwbht,ekb 
bmytc itvltub vtsjlt,bs%  

• asjhbc ufypfdt,bs fpjnbs fy yf[ibhjh;fyubs^  

•  htfmwbbc xfnfht,bs ufv[cytkib ~asjhyf[ibh,f-
lt,b`& 

 
 

1&2& FKLT/BLT<BCF LF RTNJYT<BC^ 
V:FDT<BC^ TSTHT<BC GBHLFGBHB 

/FKJUTYBHT<F      
 
fkrbkt,sfy lfrfdibht,ekb aeymwbehb ]ueat,bc 

,eyt,fc lblb ufdktyf fmdc htfmwbbc vcdktkj,fpt lf 
vbvfhsekt,fpt& 

fklt/blt,ib lf rtnjyt,ib rfh,jybkbc ]ueab 

~'kbthb tktmnhjabkb` [tkc eo.j,c α-vlt,fhtj,fib 
o.fk,flfnjvt,bc xfyfwdkt,fc& 

C

H

C
O + Hal2

HHal
C

Hal

C
O

 
 
 htfmwbbc gbhj,t,pt lfvjrblt,ekt,bs itb'kt,f 

vbqt,ek bmyfc vjyj-^ lb-^ nhb fy gjkb/fkjutyyfofhvt,b&  
 rfh,jyv;fdt,ib fkrbkbc ]ueabc /fkjutybht,f 

vbvlbyfhtj,c itlfht,bs hsek gbhj,t,ib ~lfc[bdt,bc fy 
rfnfkbpfnjht,bc ufvj.tyt,bs`%  

+CH3 C
O

OH
+ Cl2 CH2 C

O

OHCl
ClH

fy rfn&

hν

 
 'vfhv;fdfc /jvjkjut,ib α-vlt,fhtj,fib v.jab 

o.fk,flfnjvbc xfyfwdkt,bcfsdbc ufvjb.tyt,f itvltub 
rfnfkbpfnjht,b% ajcajhb^ bjlb^ ujubhlb lf c[d& tc 
rfnfkbpfnjht,b ~vfu& ajcajhb` mkjhsfy ofhvjmvybc 
cfvmkjhbfy ajcajhc^ hjvtkcfw rfh,jmcbkbc ]ueab lhj-
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t,bs uflf/.fdc /fkjutyfy/blhblib& rfh,jybkbc ]ueab rb 

itlfht,bs ffmnbeht,c α- vlt,fhtj,fc& 

CH2 C

O

OH

R

3 Cl2    2 P+ 2 PCl3

+ PCl3 CH2 C

O

Cl

R

+

P(OH)3

CH2 C

O

Cl

R

+

CH C

O

Cl

R

Cl

+

ClH

CH C

O

Cl

R

Cl
CH2 C

O

OH

R

+

CH C

O

OH

R

Cl
CH2 C

O

Cl

R

+

3 3

Cl2

 
          lf f&i& 
 
rfh,jyv;fdt,bc mkjhbht,bcfc itcf'kt,tkbf fuhts-

dt ofhvjbmvyfc β-yfofhvt,bw sfyfehb ghjlemnt,bc cf[bs& 
 vfhnbdb tstht,bc /fkjutybht,f cfat[eht,hbdfl 

vbvlbyfhtj,c& jsf[bc ntvgthfnehfpt /fkjutybht,bcfc 

]th xfyfwdklt,f ;fyu,flbc vbvfhs α-vlt,fhtj,fib v.jab 

thsb o.fk,flfnjvb^ itvltu sfylfsfyj,bs β-vlt,fhtj,fib 

.dtkf o.fk,flfnjvb lf ,jkjc α-vlt,fhtj,fib v.jab 
vtjht o.fk,flfnjvb& vfufkbsfl% 

O O

Cl
+Cl2

ClH
+Cl2

ClH
O

Cl

Cl
+Cl2

ClH

O
Cl

Cl
Cl

+Cl2
ClH O

Cl
Cl

ClCl
+Cl2

ClH
O

ClCl

Cl
Cl

Cl
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 se lbtsbktsthbc mkjhbht,fc sfdbceafkb mkj-

hbs -20 °C xfdfnfht,s^ ]th xfyfwdklt,f α-vlt,fhtj,bc^ 

[jkj itvltu α′-vlt,fhtj,bc o.fk,flfnjvt,b&  
 

1&3& /FKJUTYBC VBTHST<F π <VFCSFY     
 
 e]thb yf[ibho.fk,flt,b ~fkrtyt,b^ fkrbyt,b^ 

fkrflbtyt,b` lf vfsb yfofhvt,b ~e]thb cgbhnt,b^ tstht,b^ 
fklt/blt,b lf rtnjyt,b^   v;fdt,b` fldbkfl bthst,ty 
/fkjutyc lf ofhvjmvybfy itcf,fvbc /fkjutyofhvjt,ekt,c% 

C C

+

Hal2 CH CH
HalHal

C C

+

Hal2 C C
HalHal

 
 tc htfmwbt,b itb'kt,f ufy[jhwbtkltc jhb vtmf-

ybpvbs% bjyehb ~tktmnhjabkehb vbthst,f AE` lf hflb-
rfkehb ~hflbrfkehb vbthst,f AR`& 

 1& bjyehb vbthst,f 

+C C Cl Cl C C

Cl
Cl

CH C
+

Cl
+ Cl

-

CH CH

Cl

Cl

π- rjvgktmcb

σ- rjvgktmcb

CH C
+

Cl
+ Cl

-
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cflfw ε tktmnhjabkehb htfutynbf ~ufv[cytkb fy 
rfnfkbpfnjhb AlCl3^ BF3 lf c[df`^ hjvtkbw bodtdc Cl2 
vjktrekbc gjkfhbpt,fc^ /fkjutybc tktmnhjabkehb 
vbthst,bcfc [lt,f nhfyc- vbthst,f& 

 2& hflbrfkehb vbthst,f 

+C C Cl Cl

hν

C C
Cl

Cl

Cl Cl

hν

Cl Cl

Cl + C C C CCl

+

 
 lf f&i& htfmwbf ]fzdehfl vbvlbyfhtj,c& 

eylf fqbybiyjc^ hjv fkrtyt,bc /fkjutybht,bcfc 
htfmwbbc vbvfhsekt,f lf itcf,fvbcfl ofhvjmvybkb ghj-
lemnbc ,eyt,f lblflff lfvjrblt,ekb htfmwbbc gbhj-
,t,pt& fct vfufkbsfl^ ghjgtybc mkjhbht,bcfc c[dflfc[df 
gbhj,t,ib vbvlbyfhtj,c hflbrfkehb xfyfwdkt,f (SR) fy 
tktmnhjabkehb vbthst,f (AE)& 

CH3 CH2 + Cl2

CH3

CH
CH2

Cl

Cl

CH2
CH

CH2Cl

ΑΕ

hν

SR

 fy 500°

CCl4

 
SR htfmwbbc vcdktkj,bc lhjc jhvfub ,vf hxt,f 

ewdktkb& tc htfmwbf 1^2^3-nhbmkjhghjgfybc cfvhtodtkj 
vbqt,bc htfmwbbc gbhdtkb cfat[ehbf& 
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+ Cl2CH2
CH

CH2
Cl

CH2

CH CH2

Cl

Cl

Cl

CH3 CH2 + Cl2
CH2

CH
CH2

Cl

 
 ,hjvbht,bc htfmwbbc lhjc jhvfub ,vbc ityfhxe-

yt,bs htfmwbf eahj h,bk gbhj,t,ib vbvlbyfhtj,c 
N-,hjvcemwbybvblbc ufvj.tyt,bs& 

C C

R

R CH2

H

R
+ N

O

O

Br C C

R

R CH

H

R

Br

NH

O

O

+

 
 htfmwbf vbvlbyfhtj,c rhbcnfkehb N-,hjvcemwby-

bvblbc ptlfgbhpt hflbrfkeh-]fzdehb vtmfybpvbs& 
 
 hfnjv fh qt,ekj,ty 1^2^3-nhbmkjhghjgfyc ghjgfybc 

gbhlfgbhb mkjhbht,bs( 
 hfnjvff^ hjv 1^2^3 nhbmkjhghjgfybc vbqt,bc htfmwbbc 

gbhdtk cfat[ehc ofhvjflutyc SR htfmwbf lf fhf AE(& 
 
vcufdcfl vbvlbyfhtj,c tsbktybc hflbrfkehb mkj-

hbht,f ~400-600 °C`^ hjvkbc itltuflfw vbbqt,f db-
ybkmkjhblb& 

 lfothts itcf,fvbcb htfmwbbc ufynjkt,f& 
 iteqkt,ekb lbtyt,bc /fkjutybht,fc vbd.fdfhs 

bpjvthekb lb/fkjutyblt,bc ofhvjmvyfvlt% 
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CH2CH2
+Cl Cl

Cl

Cl

CH2
Cl

Cl
1^4-vbthst,f

1^2-vbthst,f

[CCl4]

25°

-78°

 

1&4&  /FKJUTYO>FK<FLBC VBTHST<F 
E}TH <VFCSFY    

 
 /fkjutyo.fk,flbc vbthst,f e]th ,vfcsfy 'bhb-

sflfl vbvlbyfhtj,c vfhrjdybrjdbc otcbs^ t&b& o.fk,flb 
ethslt,f vtnfl /blhbht,ek yf[ibh,flfnjvc& vbthst,f 
vbvlbyfhtj,c eahj cohfafl^ hjwf ofhvjbmvyt,f  

vtcfvtekb /fkjutyfkrbkb& tc htfmwbf vbtresdyt,f 
tktmnhjabkehb vbthst,bc htfmwbt,c lf 2 cnflbfl 
vbvlbyfhtj,c% 

R CH2 + H
+

R
CH

+

CH3

R CH2
+

AE

(1)

(2)
 

jhb iefktlehb rfh,jrfnbjyblfy eahj vfqfkb 
vluhflj,bs [fcbfslt,f ~1`^ hflufy lflt,bsfl lfve[nek 
yf[ibh,flfnjvsfy lfrfdibht,ekb fkrbkehb ]ueat,bc 
hbw[dbc phlfcsfy thsfl bphlt,f lflt,bsb ve[nbc 
ltkjrfkbpfwbf lf itcf,fvbcfl rfh,jrfnbjybc vluhflj,f& 

 vtjht cfat[ehpt vbvlbyfhtj,c efh.jabsfl lf-
ve[nekb /fkjutybc vbthst,f rfh,jrfnbjysfy 
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R
CH

+

CH3
+ Hal R CH3

Hal
cohfafl

 
 

vcufdcfl vbvlbyfhtj,c ,hjvo.fk,flbc vbthst,f 
e;fyu,flj fhtib& ;fyu,flbc fhtib rb ofhvjbmvyt,f gthj-
mcblt,b^ hjvkt,bw wdkbfy htfmwbbc vtmfybpvc lf cf,jkjj 
ghjlemnbc ,eyt,fc ~rfhfibc tatmnb`& 

+R CH2 BrH R
BrROOR

 
 ghjwtcbc fctsb fyjvfkbf itb'kt,f fb[cyfc htfm-

wbbc hflbrfkehb vtmfybpvbs^ hjvtkbw fuhtsdt 2 cnflbfl 
vbvlbyfhtj,c% 

R
O

O
R R O O R+

R O BrH+ R OH Br+
bybwbwbht,f

~1`

Br + R CH2

R
CH Br

R CH2

Br

~2`

R
CH Br + BrH R

Br + Br ~3`
 

fqybiyekb htfmwbbc lhjc ofhvjbmvyt,f vluhflb 
hflbrfkb& 

 iteqkt,ekb lbtyt,bc /fkjutyo.fk,flsfy ehsb-
thsmvtlt,bc lhjc ofhvjbmvyt,f bpjvthekb e]thb 
/fkjutyofhvjt,ekt,b% 
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CH2
CH2

H
+

CH3
CH

+
CH2

CH3
CH2

Br

CH3 Br

Br
-+

  
 
cgbhnt,sfy /fkjutyo.fk,flv;fdt,bc ehsbthsmvt-

lt,bc htfmwbf itb'kt,f ufvjbcf[jc njkj,bs% 

ROH + HHal ⎯⎯→←⎯⎯  R-Hal + H2O 
htfmwbf itmwtdflbf^ fvbnjv b.tyt,ty rjywty-

nhbht,ek /fkjutyo.fk,flv;fdt,c fy cgbhnc f]tht,ty 
vihfkb /fkjutyo.fk,flbs^ htfmwbbceyfhbfyj,bc vb[tl-
dbs /fkjutyo.fk,flt,b fct ufykfult,bfy% 

HI > HBr > HCl > HF 
htfmwbbc cbxmfht vybidytkjdyflff lfvjrblt,ekb 

cgbhnbc fqyfuj,fpt& /blhjmcbkbc xfyfwdkt,f .dtkfpt 
fldbkfl vbvlbyfhtj,c vtcfvtek cgbhnt,ib ~R3C-OH`^ itv-
ltu vtjhtek ~R2CHOH` lf 'ytkfl gbhdtkflib 
~R-CH2-OH`& 

gbhdtkfl cgbhnt,sfy htfmwbf vbvlbyfhtj,c SN2 vt-
mfybpvbs%   

R
CH2

OH + H
+

R
CH2 H

O
+

H

R
CH2 H

O
+

H
C

R

HH

Br O
H

H

δ− δ+

R
CH2

Br+ OH2
ytkf

cohfafl

Br
-

 
cflfw R- gbhdtkflb fkrbk hflbrfkbf&  
 

vtjhtekb lf vtcfvtekb cgbhnt,b fv gbhj,t,ib htf-
ubht,ty SN1 vtmfybpvbs& 
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R
CH

OH

R

+ H
+

R
CH H

O
+

H

R

R
CH

Br

R

ytkfcohfafl

R
CH

+

R H

O
H

+

+ Br
-

R
CH

+

R

   
yjhvfkehb cgbhnt,bc vfcbc phlfcsfy thsfl 

vwbhlt,f xfyfwdkt,bc htfmwbbc cbxmfht lf 
vfqfkvjktrekehb /fkjutyfkrbkt,bc vbqt,bcfsdbc 
cfzbhjf eahj [fyuh'kbdb ufw[tkt,f ~jmnfltrfyjkbc 

C18H37OH itvs[dtdfib lhj itflutyc ~τ=24-30 cs`& 
pjubths itvs[dtdfib htfmwbbc lfxmfht,bcfsdbc 

b.tyt,ty eo.kj sesbbc mkjhblc -ZnCl2 rfnfkbpfnjhbc 
cf[bs^ hjvtkbw [tkc eo.j,c C-O ,vbc ufo.dtnfc&  

R-OH+ ZnCl2

R

O
+

H

Zn
-

Cl

Cl

R
+ Cl

-

ClR

 
/blhjmcbkbc ]ueabc xfyfwdkt,f [ibhfl vbvlb-

yfhtj,c ajcajhbc /fkjutyblt,bc ufvj.tyt,bs& htfmwbf fh 
fhbc itmwtdflb& 

R-OH + PCl5 → R-Cl + POCl3 + HCl 
fuhtsdt b.tyt,ty ajcajhbcf lf /fkjutybc yfhtdc& 

fkrfybjlblt,c 'bhbsflfl qt,ekj,ty fctsb yfhtdbc ~P+I2` 
ufvj.tyt,bs& 

2 P + 3 I2 → 2 PI3 

CH3 OH+PI3 CH3 I + P

OH

OHOH
3 3

 
   
fctdt vjcf[th[t,tkbf mkjhbfyb fy ,hjvbfyb sbjyb-

kbc ufvj.tyt,f /fkjutyfkrbkt,bc vbcfqt,fl^ hflufy 'b-
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hbsfl ghjlemnsfy thsfl ofhvjbmvyt,f fbhflb ybdsbtht-
,t,b% 

R-OH + SOCl2 → R-Cl + HCl + SO2 

 fqybiyekb htfmwbf vbvlbyfhtj,c cohfafl lf vfqf-
kb ufvjcfdkbfyj,bs& 

 

1&5& FHJVFNEKB YF[IBHO>FK<FLT<BC 
/FKJUTYBHT<F 

 
fhjvfnekb yf[ibho.fk,flt,bc /fkjutybht,bc 

lhjc /fkjutybc fnjvb itb'kt,f xfyfwdkltc ,bhsdib fy 
udthlbs ]fzdib& 

fhjvfnekb yfthst,bc /fkjutybht,f ~Cl2, Br2` 
,bhsdib 'bhbsflfl [jhwbtklt,f s[tdfl afpfib jsf[bc 
ntvgthfnehfpt fy ufwbdt,bs& rfnfkbpfnjhfl ufvj.tyt-
,ekbf kebcbc v;fdt,b ~AlCl3^ ZnCl2^ FeCl3 lf c[df`& 

+ Hlg2
FeCl3

Hlg

+ HHlg
 

tc htfmwbf fhjvfnek ,bhsdib xfyfwdkt,bc tktm-
nhjabkehb htfmwbbc nbgbehb vfufkbsbf& rfnfkb-
pfnjhbc hjkb vlujvfhtj,c /fkjutybc rfnbjybc 
~tktmnhjabkehb yfobkfrbc` ajhvbht,fib& tktmnhj-
abkb itb'kt,f b.jc Br+ rfnbjyb fy gjkfhbpt,ekb Br2-bc 
vjktrekf& 

Br Br + FeBr3 Br
Br

+

Fe
-
Br

Br
Br

Br    [FeBr4]

 



 

17 

htfmwbbc vtmfybpvb fctsbf% 

+Br2 Br
+

Br

Fe
Br

Br
Br

CH
+

H
Br FeBr4

ytkfFeBr3

C
+

H
Br

H

FeBr4

Br

+ H
+ + [FeBr4]

π-rjvgktmcb σ-rjvgktmcb

H
+ + [FeBr4] BrH + FeBr3

 

ofhvjmvybkb σ-rjvgktmcb fh [fcbfslt,f fhjvfne-

kj,bs^ hflufy π-tktmnhjyb ltkjrfkbpt,ekbf 5 yf[-
ibh,flfnjvpt^ [jkj vttmdct yf[ibh,flfnjvb uflflbc 
yf]th vlujvfhtj,fib ~sp3-/b,hblbpfwbf`^ vtjht cnflbfpt 

σ-rjvgktmcb ae'bc ~[FeBr4]-`vjmvtlt,bs bo.dtnc ghjnjyc 
lf rdkfd uflflbc fhjvfnek yfthsib& cnf,bkbpfwbbc 
tythubf [tkc eo.j,c htfmwbbc fv vbvfhsekt,bs 
ofhvfhsdfc lf fhf vbthst,bc ghjlemnt,bc ofhvjmvyfc& 

 eylf fqbybiyjc^ hjv /fkjutyt,bc rth'jl Cl2 -bc 
vjmvtlt,f ,bhsdpt itb'kt,f ufy[bkek bmyfc hjujhw 
thslhjekfl gbhdtkb lf vtjht hbubc xfvyfwdkt,kt,bc 
vjmvtlt,f% 

Cl

 
 fv itvs[dtdfib bylemwbehb tatmnb afhfdc vtpj-

vthek tatmnc lf ,typjkbc ,bhsdbc .dtkf yf[ibh,fl-
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fnjvb yfobkj,hbd lflt,bsfl bve[nt,f^ hbc ufvjw vbcb 
htfmwbbceyfhbfyj,f SE htfmwbfib .dtkf xfvyfwdkt,kbc 
vbvfhs itvwbht,ekbf ~nbgbehb vtjht hbubc xfvyfwdkt,-
kbc ufdktyf`^ fvfdt lhjc vtpjvthekb tatmnbc fhct,j,bc 
ufvj yfrkt,fl lflt,bsfl lfve[nekb fhbc /fkjutybc 
vbvfhs jhsj- lf gfhf- yf[ibh,flfnjvb& fvfcsfy lfrfdib-
ht,bs itvltub xfvyfwdkt,tkb itlbc jhsj- lf gfhf 
vlt,fhtj,fib ~nbgbehb gbhdtkb hbubc xfvyfwdkt,kt,bc 
ufdktyf`& 

+Br Br
FeBr3

Br

+ Br Br
FeBr3

Br
Br

Br

Br

+BrH BrH

 
,typjkbc /jvjkjut,bc /fkjutybht,bcfc cbyfs-

ktpt lf vfqfk ntvgthfnehfpt [lt,f o.fk,flbc xfyfw-
dkt,f udthlbs ]fzdib ~hflbrfkeh-]fzdehb vfmfybpvb`% 

CH3

Cl Cl

Cl

+ hν + ClH

 

[jkj  kebcbc v;fdt,bc sfyfj,bcfc /fkjutybht,bc 
lhjc /fkjutybht,f [lt,f ,bhsdib% 

CH3

Cl2
FeCl3

CH3
Cl

CH3

Cl

CH3

Cl

ClCl
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yfasfkbybc /fkjutybht,f ,typjksfy itlfht,bs 

h,bk gbhj,t,ib vbvlbyfhtj,c^ rfnfkbpfnjhbc ufhtit 

/fkjutybht,bc lhjc ofhvjbmvyt,f α-/fkjutyyfasfkbyb& 

+ Br2
30-40°

Br

+ BrH

 
 /fkjutybc itvlujvb vjmvtlt,bcfc ofhvjbmvyt,f 

yfhtdb lb- lf gjkb/fkjutyblt,bcf ~1^4-* 1^5-* 1^8- lf f&i&`^ 

vfqfk ntvgthfnehfpt ~500 °C` /fkjutybht,bc lhjc 

ofhvjbmvyt,f α- lf β-/fkjutyxfyfwdkt,ekb yfasfkbyb& 
 lfothts itcf,fvbcb htfmwbt,b& 
 

1&6& AEYMWBEHB }UEAT<BS 
XFYFWDKT<EKB  FHJVFNEKB <BHSDBC 

/FKJUTYBHT<F     
 
gbhdtkb hbubc xfvyfwdkt,kt,b ~NH2^ OH lf c[df` 

f'kbtht,ty fhjvfnekb ,bhsdbc htfmwbbc eyfhc^ fvbnjv 
fctsb yfthst,bc /fkjutybht,f itb'kt,f ufy[jhwbtkltc 
rfnfkbpfnjhbc ufhtit lf ,bhsdib thslhjekfl 
yfwdklt,f /fkjutybc cfvb fnjvb 2^4^6 vlt,fhtj,fib& 

NH2

+ 3 Br2

NH2
Br

Br

Br

+ 3 HBr

 
bvbcfsdbc^ hjv ofhvjbmvyfc vjyj,hjvfybkbyb^ 

fewbkt,tkbf fvbyj]ueabc uflf.dfyf yfrkt,fl fmnbeh 
fwbkfvbybc ]ueaib ~-NHCOCH3`^ hjvtkbw fuhtsdt 
gbhdtkb hbubc xfvyfwdkt,tkc ofhvjflutyc& 
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NH2 NH

O

CH3

(CH3CO)2O + CH3COOH

 

ofhvjmvybkb fwtnfybkblbc ,hjvbht,bcfc ~'vfhv;f-
dfib` vbbqt,f g-,hjvfwtnfybkblb^ [jkj fv erfyfcrytkbc 
/blhjkbpbs v;fdf fhtib vbbqt,f g-,hjvfybkbyb% 

NH

O

CH3

Br2+
BrH

NH

O

CH3

Br

OH2

H
+

NH2

Br

+ CH3COOH

 
atyjkbc o.fk[cyfhpt ,hjvbfyb o.kbc vjmvtlt,bs 

ofhvjbmvyt,f 2^4^6-nhb,hjvatyjkb% 

OH OH
BrBr

Br

3 Br2+ + 3 HBr

 

[jkj ,hjvbfyb o.kbc cbzfh,bcfc ofhvjbmvyt,f t&o& 
#nhb,hjvatyjk ,hjvblbc@  stshb yfktmb – jhb 
nfenjvthekb ajhvbc yfhtdbc cf[bs& 

O

Br Br

BrBr
O

BrBr

Br

Br

 



 

21 

atyjkbc mkjhbht,bs ]th vbbqt,f 2^4^6-nhbmkjh-

atyjkb ~50-60 °C`^ [jkj itvlujvb mkjhbht,bs ntnhf-
mkjh-g-,typjmbyjyb ~mkjhfkb`  

OH

Cl2
50-60°

OH
Cl

Cl

Cl

O
Cl

Cl

Cl

Cl
ClCl

O
ClCl

ClCl
O

Cl2 H2SO4

 
atyjkbcf lf vbcb /jvjkjut,bc vjyj/fkjutybht,f 

vbvlbyfhtj,c mkjhbfyb cekaehbkbc ufvj.tyt,bs% 

OH

+ S

O

ClCl

O

OH

Cl

+ SO2 + ClH

 

vtjht hbubc xfvyfwdkt,kt,b ~NO2^ COOH^ CHO^ 
SO3H lf c[df` fcecnt,ty ,bhsdbc htfmwbbceyfhbfyj,fc^ 
fvbnjv fctsb yfthst,bc /fkjutybht,f vbvlbyfhtj,c vfqfk 
ntvgthfnehfpt rfnfkbpfnjhbc sfyfj,bcfc^ /fkjut-
yfnjvb xfyfwdklt,f vtnf- vlt,fhtj,fib% 

 

O OH

+

O OH

Br

Br2
Fe

160-170° + BrH
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2& LBFPJNBHT<BC HTFMWBF  

 
g& uhbcbc vbth ~1858 o&` fqvjxtybkb bmyf^ hjv 

gbhdtkflb fhjvfnekb fvbyt,b 0-5 °C-pt ehsbthmvlt,l-
yty sfdbceafk fpjnjdfyv;fdfcsfy ‘kbthb vbythfkehb 
v;fdt,bc sfyfj,bcfc lf ofhvjmvyblyty  lbfpjybevbc vfhb-
kt,c& vfufkbsfl^ fybkbc ehsbthmvtlt,bs fpjnjdfy v;f-
dfcsfy vfhbkv;fdbc sfyfj,bcfc ofhvjbmvyt,f atybklbfpj-
ybevbc mkjhblb% 

NH2 +HNO2 + N
+

N +2 H2OClH ]Cl
 

 
yf]thb gbhdtkflb fvbyt,bc ehsbthsmvtlt,bcfc 

fpjnjdfy v;fdfcsfy fyfkjubeh gbhj,t,ib rb htfmwbf 
vbvlbyfhtj,c cek c[df vbvfhsekt,bs& rth’jl^ fv lhjc 
ofhvjbmvyt,f fhf lbfpjybevbc vfhbkt,b^ fhfvtl cgbhnt,b&  

R NH2 +HNO2 R OH
 

itvlujvib itveifdt,ekb bmyf fhffhjvfnekb 
lbfpj yfthst,bc vbqt,bc ghtgfhfnekb vtsjlb^ vfuhfv 
fhjvfnekb lf fhffhjvfnjkb lbfpjythst,b bvltyfl 
‘kbth ufy[cdfdlt,bfy thsvfytsbcfufy fqyfuj,bs^ 
abpbrehb lf mbvbehb sdbct,t,bs^ hjv vbpfyitojybkbf 
vfsb wfk-wfkrt^ thsvfytsbcfufy lfvjrblt,kfl ufy[bkdf& 
fvfcsfyfdt^ eylf fqbybiyjc^ hjv ghfmnbrfib eahj 
vybidytkjdfybf fhjvfnekb lbfpjyfthst,b^ lf hjujhw 
otcb lbfpjnbht,bc htfmwbbc vwyt,fib egbhdtktcfl 
ufyb[bkt,f fhjvfnekb fvbyt,bc ehsbthsmvtlt,f 
fpjnjdfy v;fdfcsfy& 

2&1& FHJVFNEKB LBFPJYTHST<B 
lqtbcfsdbc fhjvfnekb lbfpjythst,bc vbqt,bc 

hfvjltybvt vtsjlb fhct,j,c&  
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1. lbfpjythst,bc vbqt,bc rkfcbreh ~g& uhbcbc` vtsjlc 
ofhvjflutyc gbhdtkflb fhjvfnekb fvbybc 
ehsbthmvtlt,f sfdbceafk fpjnjdfy v;fdfcsfy 0-

5 °C-pt vbythfkehb v;fdt,bc sfyfj,bcfc& dbyfblfy 
fpjnjdfyb v;fdf evluhflb yfthsbf lf ,eyt,fib fh 
fhct,j,c^ vfc bqt,ty eiefkjl lbfpjnbht,bc 
htfmwbbc lhjc yfnhbevbc ybnhbnpt vbythfkehb 
v;fdbc ~’bhbsflfl vfhbkv;fdbc` ehsbthmvtlt,bs& 
fvfcsfyfdt^ vbythfkehb v;fdf fbqt,f 2&5-3 vjkb 
sfyfafhlj,bs& 

NaNO2 + HCl  HNO2 + NaCl 
 
2. se gbhdtkflb fvbybc vjktrekf vjbwfdc ‘kbth 

tktmnhjyjfmwtgnjhek xfvyfwdkt,kt,c^ vfiby 
vbcb ae’t sdbct,t,b itlfht,bs itvwbht,ekb bmyt,f& 
itltufl fctsb fvbyt,bc vfhbkt,b fldbkfl 
ufybwlbfy /blhjkbpc lf itcf,fvbcfl vfsb 
lbfpjnbht,bc htfmwbbc ofhvfhsdf o.kbc 
~vfhbkv;fdbc ufvj.tyt,bcfc` fhtib ite’kt,tkb 
[lt,f& fvbnjv fv lhjc vflbfpjnbht,tk cbcntvfl 
b.tyt,ty obyfofh vjvpflt,ek ybnhjpbk 
ujubhlv;fdfc fy fvbyc [cybfy rjywtynhbht,ek 
ujubhlv;fdfib lf yfnhbevbc ybnhbnc fvfnt,ty 
v.fhb cf[bs& 

3. lbfpjybevbc vfhbkt,b^ ufycfresht,bs mkjhblt,b^  
[ibh itvs[dtdfib evluhflt,bc fhbfy lf fvfcsfyfdt 
[fcbfslt,bfy o.kbc fhtib rfhub [cyflj,bs& fvbc 
ufvj vfsb ufvj.jaf bylbdblefkehb cf[bs ptvjs-
fqothbkb cfhtfmwbj cbcntvt,blfy fh [th[lt,f& 
vfsb bylbsblefkehb cf[bs ufvj.jabc vbpybs 
lbfpjnbht,bc htfmwbf itcf’kt,tkbf xfnfhltc 
‘vfhv;fdbc fhtib vflbfpjnbht,tk cbcntvfl 
fvbkybnhbnbc ufvj.tyt,bs& tc erfyfcrytkb vbbqt,f 
b-fvbkbc cgbhnbc ehsbthsmvtlt,bs fpjnjdfy 
v;fdfcsfy& lbfpjybevbc vfhbkbc ufvj,jaf ‘vfhv;f-
dbc [cyfhblfy ofhvjt,c tsthbs ufvjktmdbs&  
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4. v.fhb cf[bs lbfpjybevbc vfhbkt,bc vbqt,bc rblts 
ths vtsjlc ofhvjflutyc atybk/blhfpbyt,bc cgbhn 

[cyfht,bc ehsbthmvtlt,f mkjhsfy -80 °C-pt&  

NH
NH2

+ Cl2 N
+

N + 3 HCl]Cl2

 
5. lbfpjyfthst,bc bylbdblefkthb cf[bs ufvj.jabc 

.dtkfpt ghfnbrek lf [tkcf.htk vtsjlc 
ofhvjflutyc vfsb vbqt,f lbfpjybevbc ntnhfasjh-
,jhfnt,bcf lf /tmcfasjhajcafnt,bc cf[bs& tc 
erfyfcrytkb vfhbkt,b obyfqb bjybc ufdktybc ufvj 
[fcbfslt,bfy ‘kbth itpqelekb [cyflj,bs  o.fk-
ib^ hfw vfsb ufvj.jabc cfiefkt,fc b’ktdf& fqybi-
yekb vtsjlbc ghfnbrekj,fpt vbesbst,c bc afmnb^ 
hjv lbfpjybvevbc ntnhfasjh,jhfnt,bc vbqt,f 
itc’kt,tkbf hjujhw lbfpjybevbc mkjhblt,bc 
bjyvbvjwdkbs BF4

--sfy  ~uhbcbc vtsjlbs vbqt,ek 
lbfpjvfhbkbc [cyfhib NaBF4, NH4BF4, HBF4 lf 
c[df itnfyf`^ bct vflbfpjnbht,tk cbcntvfl NaBH4 
+ HBF4 fqt,f& 

NH2
NaNO2

ClH
N

+
N ]Cl

BF4

N
+

N ]BF4-  Cl

NH2
NaNO2

HBF4
N

+
N ]BF4

 
 

 
htfmwbbc vtmfybpvb& 
htfmwbbc vtmfybpvbc itcofdkbcfc fqvjxylf^ hjv 

htfmwbbc gbhdtk cfat[ehc ofhvjflutyc N-ybnhjpbht,f^ 
lf flubkb fmdc N-ybnhjpjfvbybc ofhvjmvyfc& tc cfat[ehb 
itlfht,bs ytkf vbvlbyfhtj,c lf fvltyfl bub ofhvjflutyc 
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htfmwbbc vfkbvbnbht,tk cnflbfc& htfmwbbc itvltub 
cfat[eht,bc ofhvvfhsdf rb ufygbhj,t,ekbf N-ybnhj-
pjfvbyib fpjnbc fnjvpt o.fk,flbc fnjvbc fhct,j,bs& 
v;fdf fhtib flubkb fmdc N-ybnhjpjfvbybc nfenjvthb-
pfwbfc& rth’jl^ ghjnjyb ufybwlbc vbuhfwbfc ;fyu,flbc 
fnjvpt lf ofhvjbmvyt,f fpj/blhjmcbyfthsb& fv erfyfc-
rytkbc ghjnjybht,f [tkc eo.j,c lt/blhfnfwbbc htfm-
wbfc lf itcf,fvbcfl lbfpbybevbc rfnbjybc ajhvbht,fc& 

 

N
N

O

H
N

N
OH H

+

N
N

O
+ H

H N
+

N + OH2

NH2

NH
N

O
+ OH3

+HNO2

cohfafl

fpjmcjybevrfnbjyb

ytkf

 
 
 

 

 
 

vtjhtekb fvbyt,bc ehsbthsmvtlt,f fpjnjdfy 
v;fdfcsfy vbvlbyfhtj,c fyfkjubehfl lf 
ve[hezlt,f N-ybnhjpjfvbybc ofhvjmvyfpt&  
f[ctybs vbptpb( 

 
htfmwbbc rbytnbrehb itcofkbcfc fqvjxylf^ hjv 

htfmwbbc vtmfybpvb lfvjrblt,ekbf cfhtfmwbj cbcntvbc 
v;fdbfyj,fpt& fvfcsfyfdt^ lflutybkb bmyf^ hjv gbhdtkfl 
fhjvfnek fvbysfy ehsbthmvtlt,c fhf sdbs fpjnjdfyb 
v;fdf^ fhfvtl cfhtfmwbj fhbc pH-bc itcf,fvbcfl ofhvjmv-
ybkb fmnbehb yfobkfrb&  
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‘kbth v;fdf fhtib fpjnjdfyb v;fdf ufybwlbc 
ghjnjybht,fc lf ofhvjmvybkb fmnbehb rfnbjyb bo.t,c 
itntdfc fvbypt% 

H
+

+

N
O

+
O

H

H

N
OH O cohfafl

NH2
N

O
+

O
H

H
+NH

N O
OH2H

+

+

+
 

 
ytbnhfkeh lf cecn v;fdf fhtib fmnbeh yfobkfrc 

ofhvfjlutyc fpjnbc nhbjmcblb^ hjvtkbw fpjnjdfyb 
v;fdbc jhb vjktrekbc ehsbthsmvtl,bs vbbqt,f% 

+

N

OH

O
N

OH O N
O O

N
O

N
H

H

N

O

O

N

O

+

N
+

H

H

N
O

O

N
+

O

NH
N O

N

OH

O
N

+
H

H

N
O

O

N
+

O

+

 
 

 
 

lbfpjyfthst,bc ajhvt,b& lbfpjybevbc vfhbkb 
ofhvjflutyty ‘kbthb ae’bc vfhbkc^ hjvtkbw itcf’kt,t-
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kbf vtjs[tekb fvjybevbc vfhbkbc fyfkjufl xfbsdfkjc& 
vfsb lfcf[tkt,fw ~lf,jkjdt,f #jybevb@` fmtlfy vjvlbyf-
htj,c&  lbfpjybevbc vfhbkib bsdkt,f^ hjv fpjnbc 
fnjvt,c ijhbc fhbc cfvvufub ,vf lf ve[nb kjrfkbpt,e-

kbf β-fpjnbc fnjvpt ~atybkbc hflbrfksfy f[kjc vlt,f-
ht fpjnbc fnjvb`&  

 

N
+

N]Cl

atybklbfpjybevbc 
mkjhblb

 

atybklbfpjybevbc vfhbkt,bc ae’tt,sfy ehsbths-
mvtlt,bs ofhvjmvybfy lbfpjybevbc jmcblbc /blhfnt,c^ 
hjvkt,bw ‘kbth evluhflb yfthst,bf lf evfk bikt,bfy& 
fvbnjv vfsb vbqt,f ehsektc ghj,ktvt,sfy  lf vtnfl 
cgtabwbreh gbhj,t,sfy fhbc lfrfdibht,ekb& vfufkbsfl^ 
cbwbw[kbc vjrkt eyfhbc vmjyt lbfpjybevbc jmcblbc 
/blhfnb itcf’kt,tkbf vbqt,ek bmyfc lbfpjybevbc 
mkjhblbc ‘kbth ufypfdt,ek o.fk[cyfhib jlyfd 
itcdtkt,ekb dthw[kbc /blhjmcblbc itnfybs& 

C6H5-N≡N]Cl + AgOH  C6H5-N≡N]OH + AgCl 
atybklbfpjybevbc vfhbkt,bc lfveifdt,bcfc 

nentt,bs ofhvjbmvyt,f vfhbkt,b^ hjvtksf cf[tkojlt,ff 
lbfpjnfnt,b&  

 
 

N
+

N]Cl

atybklbfpjybevbc 
mkjhblb

N N O
-
Na

+

lbfpjnfnb

 

nent vtnfksf lbfpjnfnt,b fhct,j,ty jhb ajh-
vbs& gbhdtkb vfsufyb^ hjvkbc vbqt,fw ptdbs fhbc yfxdt-
yt,b^ ofhvjflutyc t&o& yjhvfkeh lbfpjnfnc& bub eathj 
rhbcnfkehb cnhemnehbc vmjyt yfthsbf lf fldbkfl 
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bikt,f fnvjcathjib fhct,ekb CO2-bc vjmvtlt,bs& 
lbfpjnfnbc vtjht ajhvf - t& o& bpjlbfpjnfnb - vbbqt,f 

yjhvfkehb lbfpjnfnbc 100 °C-pt ufw[tkt,bs& bpjlbf-
pjnfnt,b^ lbfpjnfnt,bcfufy ufyc[dfdt,bs vluhflb^ 
vfuhfv yfrkt, htfmwbbceyfhbfyb yfthst,bf ~vfufkbsfl 
bcbyb fh itlbfy atyjksfy fpjiteqkt,bc htfmwbfib`& 

jhbdt lbfpjnfnb ofhvjflutyc cecnb v;fdfc – 
lbfpjv;fdfc – vfhbkc& sevwf  lbfpjv;fdbc rhbcnfkehb 
cf[bs vbqt,f itcf’kt,tkbf v[jkjl bpjlbfpjnfnbc 
[cyfhbc itv;fdt,bs& lbfpjnfnblfy vbcb vbqt,bc 
vwltkj,bcfc bub ofhvjmvybcsfyfdt vjvtynfkehfl bikt,f 
lbfpjjmcblib ~(Ph-N=N-)2O`&  

 
 
lbfpjnbht,bc htfmwbbc jgnbvfkehb gbhj,t,b& 
lbfpjnbht,bc htfmwbbc ghfmnbrekfl ufy[jhwbt-

kt,bcfsdbc lblb vybidytkj,f fmdc vbythfkehb v;fdbc 
cbzfh,tc lf lf,fk ntvgthfnehfc& 

 stjhbekfl ths vjktrekf vjyjfvbypt bqt,ty 3 
vjk vbythfkeh v;fdfc^ hjvtksfufy thsb vjkb v;fdf 
[vfhlt,f sfdbceafkb fpjnjdfyb v;fdbc ofhvjmvyfc  
ybnhbnblfy^ vtjht vjkb - fvbyc ufhlfmvybc lbfpj/blhfn-
sfy itlfht,bs vluhfl lbfpjvfhbkib^ [jkj zfh,b vbyt-
hfkehb v;fdf rb fewbkt,tkbf fpjnjdfyb v;fdfc fmnbeh 
ajhvfib ~vflbfpjnbht,tk futynib` uflfcf.dfyfl& lbfpj-
nbht,bc htfmwbbc lhjc vbythfkehb v;fdbc fhct,j,fc 
fvjovt,ty rjyujc mfqfklbs ~pH 4-5-bc lhjc qt,ekj,c 
keh] athc` fy eybdthcfkehb bylbrfnjhbs ~bqt,c obstk 
athc`& hjujhw ptvjs b.j fqybiyekb^ cfhtmwbj yfhtdbc 
pH-bc lfhqdtdbc itvs[dtdfib ghjwtcb vbvlbyfhtj,c fhfcf-
cehdtkb vbvfhsekt,bs% f[kfl ofhvjmvybkb lbfpjybev-
vfhbkb& 

 
cfhtfmwbj yfhtdib sfdbceafkb fvbybc fhct,j,bc 

itvjovt,f&  bqt,ty cby]c cfwltkb [cyfhblfy lf o.fk,flbc 
bjyt,bc rjywtynhfwbbc itcfvwbht,kfl evfnt,ty rhbcnf-
keh yfnhbevbc fwtnfnc^ hbsfw bmvyt,f cfzbhj ufhtvj 
[cyfhib sfdbceafkb fvbybc fhct,j,bc itvs[dtdfib 
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lbfpjfvbyjyfthsbc yfktmbc cf[bs ufvjcf.jafl& se yfktmb 
ufvjb.j^ vfiby cfwltk [cyfhc evfnt,ty vbythfkeh v;fdfc^ 
hbsfw itb'kt,f ofhvjmvybkb lbfpjfvbyjyfthsbc bctd 
lfikf lbfpjybevfhbkbcf lf fvbyjvfhbkbc cf[bs% 

N
+

N]ClN
N

NH

+2 HCl+
NH3

+
Cl

-

 
 lbfpjnbht,bc htfmwbbcfsdbc stjhbekfl cfzbhj 

yfnhbevbc ybnhbnbc hfjltyj,f fldbkfl bfyufhbit,f 
htfmwbbc njkj,bc vb[tldbs% vfuhfv ghfmnbrekfl flubkb 
fmdc fpjnjdfyb v;fdbc yfobkbc lfyfrfhuc NO lf NO2-bc 
cf[bs^ hfw fewbkt,kfl eylf bmyfc v[tldtkj,fib 
vbqt,ekb& fvbcfsdbc vjovlt,f ybnhbnbc fewbkt,tkb 
cbzfh,t& lbfpjnbht,bc htfmwbbc lfvsfdht,fw bcfpqdht,f 
[cyfhib sfdbceafkb fpjnjdfyb v;fdbc fhct,j,bs& 

vbcb itvjovt,f [lt,f bjlcf[fvt,kbfyb mfqfklbs^ 
hjvtkbw ofhvjflutyc cf[fvt,kbsf lf KI-bs uf;qtysbk 
abknhbc mfqfklc& hflufyfw fpjnjdfyb v;fdf fhbc 
lfv;fyudtkb^ vbcb cbzfh,bc itvs[dtdfib bjlcf[fvt,kbfyb 
mfqfklbc bjlblbc - bjyb uflflbc sfdbceafk bjlib^ 
hjvtkbw cf[fvt,tksfy b'ktdf lfvf[fcbfst,tk 
vjyfwbcahj keh] athc& lfothts itcf,fvbcb htfmwbf& 

 fpjnjdfyb v;fdbc lblb cbzfh,bc itvs[dtdfib 
bjlcf[fvt,kbfyb mfqfklb itbatht,f he[ ahfl& fpjnj-
dfyb v;fdbc cbzfh,t [tkc eikbc lbfpjybevvfhbkt,bc 
itvlujv htfmwbt,c^ fvbnjv fewbkt,tkbf vbcb sfdblfy fwb-
kt,f^ hfw [jhwbtklt,f ifhljdfyfc lfvfnt,bs& ifhljdfyf 
fpjnjdfy v;fdfcsfy ofhvjmvybc fpjnc^ o.fkc lf yf[ibh-
jh;fyuc& 

 

NH2NH2

O 2 HNO2
CO2 2 N2 3 H2O+ +
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 zfh,b ifhljdfyf [tkc fh eikbc lbfpjybev-
vfhbkt,bc itvlujv ufhlfmvyt,c& fewbkt,tkbf udf[cjdltc^ 
hjv lbfpjnbht,bc htfmwbf vblbc sfylfsfyj,bs^ fvbnjv 
sdbct,bsb cby]b bjlcf[fvt,kbfy mfqfklsfy fh itb'kt,f 
fqt,ek bmyfc ybnhbnbc lfvfnt,bcsfyfdt^ fhfvtl 2-3 
oesbs tythubekb vjhtdbc itvltu&  

 lbfpjnbht,bc htfmwbf vblbc c[dflfc[df cbxmfhbs^ 
hfw lfvjrblt,ekbf fqt,ekb fvbybc sdbct,t,pt& lbfpj-
nbht,bc cbxmfht gbhlfgbh lfvjrblt,ekt,fibf fvbybc^ fy 
vbcb vfhbkbc [cyflj,fpt ghjwtcbc vjwtvek gbhj,t,ib& 
vfufkbsfl ,typjkbc hbubc fvbyt,b^ hjvtksf vfhbkt,b 
fldbkfl b[cyt,bfy o.fkib^ fldbkfl lbfpjnbhlt,bfy& 
,typblbybc cekafnb^ fvbyt,bc cekajv;fdt,b 'ytkfl 
[cyflyb fhbfy lf vfs lbfpjnbht,fc czbhlt,f lblb lhj^ 
fvbnjvff^ hjv lbfpjnbht,bc htfmwbfc [tkc eo.j,c 
tythubekb lf cbcntvfnehb vjhtdf& 

 lbfpjnbht,bc htfmwbbc lhjc cfzbhjf lf,fkb 

ntvgthfnehf ~0-5 °C`^ hflufyfw fpjnjdfyb v;fdf^ hjvt-
kbw ofhvjbmvyt,f htfmwbbc lhjc ybnhbnbcf lf vbythfke-
hb v;fdbc vjmvtlt,bs^ vluhflbf v[jkjl lf,fk ntvgthf-
nehfpt& ufhlf fvbcf^ ofhvjmvybkb lbfpjybevvfhbkt,bw 
vluhflyb fhbfy o.fk[cyfht,ib v[jkjl lf,fk ntvgthf-
nehfpt& 

 eylf udf[cjdltc^ hjv fhfclhjc fh itb'kt,f 
xfnfhltc eiefkjl sfdbceafkb fvbybc ~cecgtypbeh 
ajhvfib` lbfpjnbht,f v;fdf fhtib^ hflufyfw htfmwbf 
vblbc 'fkbfy ytkf* .jdtksdbc ]th eylf ofhvjbmvyfc 
fvbybc vfhbkb lf itvltu vj[ltc vbcb lbfpjnbht,f&  

 lbfpjybevvfhbkt,bc vluhflj,f c[dflfc[dff& 
evtntc itvs[dtdfib bcbyb fldbkfl bikt,bfy ntvgthf-
nehbc fotdbs& 

 

2&2& LBFPJYBEVYFTHST<BC HTFMWBT<B     
 
 lbfpjybevvfhbkt,c jhb cf[bc htfmwbf f[fcbfst,s% 
 
htfmwbt,b fpjnbc ufvj.jabs^ hjvkt,bw cfhtfmwbj 

gbhj,t,sfy lfrfdibht,bs vbvlbyfhtj,ty yerktjabkehb 



 

31 

~CAr-N ,vbc /tnthjkbnehb uf[ktxf` fy hflbrfkehb ~C-N 
,vbc /jvjkbpehb uf[ktxf` vtmfybpvbs&  

N
+

N C
+

+

N N

N
+

N C

+

N N
Cu

+

+ Cu
2+

/tnthjkbpb

/jvjkbpb

    
C-N ,vbc /tnthjkbpb vbvlbyfhtj,c sfdbcsfdfl^ 

lbfpjybevvfhbkbc o.fk[cyfhbc uf[eht,bs^ /jvjkbpb rb 
thsdfktynbfyb cgbkty'bc yfthst,bc fy vtnfkehb 
cgbkty'bc sfyfj,bs& 

 fpjnbc ufvj.jabc htfmwbt,bs efvhfdb 
vybidytkjdfyb yfthst,b vbbqt,bfy% atyjkt,b^ /fkjuty-
xfyfwdkt,ekb^ ybnhbkt,b^ ybnhj^ kbsjyjhufyekb 
yfthst,b^ tstht,b lf fhjvfnekb yf[ibh o.fk,flt,b& 

2&2&1& LBFPJ}UEABC XFYFWDKT<F /BLHJMCBKBS 

atybklbfpjybevbc mkjhblt,bc vbqt,f^ hjujhw 
ptvjs b.j fqybiyekb vbvlbyfthjt,c cfhtfmwbj yfhtdbc 

0-5 °C-pt& vfuhfv se lbfpjnbht,bc htfmwbbc itltufl 

vbqt,ek cfhtmwbj [cyfhc ufdfw[tkt,s 50 °C-pt ptdbs^ 
bo.t,f cfhtfmwbj cbcntvblfy fpjnbc tythubekb ufvj.jaf& 
lbfpjybevbc vfhbkbc vjktrekfib vj[ktxbkb fpjnbc 
flubkc brfdt,c /blhjmcbkb lf vbbqt,f atyjkb& 
fqybiyekb vtsjlb ofhvjflutyc atyjkt,bc cbystpbc ths-
ths vybidytkjdfy  ghtgfhfnbek vtsjlc% 

N
+

N

H2O
OH + +N2 H2SO4

Cl
-

]
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2&2&2& LBFPJ}UEABC XFYFWDKT<F O>FK<FLBS 

lbfpjvfhbkt,bc o.fk[cyfht,bc pjubthsb fqvlut-
ytkb cbcntvt,bs lfveifdt,bcfc flubkb fmdc lbfpj]ueabc 
itwdkfc o.fk,flbs& fqvlutytk cbcntvfl itcf’kt,tkbf 
ufvj.tyt,ekb bmyfc vhfdflb rkfcbrehb lf cgtwbabwhb 
fqvltytkb& ths-thsb cfertstcj fqvlutytkbf cgbhnb& 
hjltcfw cfzbhjf fvbybc aemwbehb ]ueabc vjwbkt,f 
~ltpfvbybht,f`^ vbc lbfpjnbht,fc f[ltyty cgbhnbc fhtib 
lf,fk ntvgthfnehfpt^ [jkj itvltu vbqt,ek lbfpj-
ybevbc vfhbkbc cgbhn[cyfhc fleqt,ty ufhrdtekb lhjbc 
ufyvfdkj,fib% 

 
 

N
+

N

+ +N2

Cl
-

]

+ 2 [H] ClH

CH3 CH2 OH CH3 C
O

H
+ 2 [H]

 

fqybiyekb htfmwbbc lhjc flubkb fmdc fuhtsdt 
atyjkt,bc tstht,bc ~fkrjmcbofhvjt,ekt,bc` vbqt,fcfw% 

N
+

N O
CH3

+ +N2

Cl
-

]

+ ClHCH3OH
 

htfmwbbc vbvfhsekt,f lblfl fhbc lfvjrblt,ekb 
htfmwbbc gbhj,t,cf lf cfo.bcb yfthst,bc fqyfujfpt& 
rth’jl^ lbfpjybevbc vfhbkbc atybkbc hflbrfkib tktm-
nhjyjljyjhekb xfvyfwdkt,kt,b [tk eikbfy 
ltpfvbybht,bc ghjwtcc lf ‘bhbsflfl vbbqt,f fkrjmcb-
ofhvjt,ekt,b^ [jkj tktmnhjyjfmwtgnjhekb xfvyfwd-
kt,kt,b rb gbhbmbs^ epheydtk.jaty lbfpj]ueabc 
tkbvbybht,fc rfhub ufvjcfdkbfyj,bs fctdt lblb vybidyt-
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kj,f fmdc cfhtfmwbj yfthdbc v;fdbfyj,fc& v;fdf fhtib ‘bhb-
sflfl ljvbybht,c tstht,bc ofhvjmvybc htfmwbf& vfufkb-
sfl^ atybklbfpjybevbc mkjhblbc ufw[tkt,f vtsgyjksfy 
vfhbkv;fdbc sfyfj,bcfc ofhvjbmvyt,f fybpjkb 90-95)-
bfyb ufvjcfkbfyj,bs^ [jkj ‘vfhv;fdf fwtnfnbc sfyfj,b-
cfc rb htfmwbbc ‘bhbsfl ghjlemnc ofhvjflutyc ,typjkb& 
vbcb ufvjcfdkbfyj,f fv itvs[dtdfib itflutyc 58-90)-c% 

N
+

N O
CH3

+ +

N2

Cl
-

]

+

ClHCH3OH
ClH

N
+

N

+ +

N2

Cl
-

]

+

ClHCH3OH
CH3COONa

90-95%

85-90%

 
lbfpj]ueabc fqvlutytkfl ufhlf cgbhnt,bcf  

ufvjb.tyt,f c[df fqvlutytkb cbcntvt,bw^ hjujhbwff 
vfufkbsfl ajhvklt/blb nent fhtib^ ajcajhjdfyb v;fdf 
~HPO4`^ rfkf vfhbkv;fdf lf c[df& 

 

2&2&3& LBFPJ}UEABC XFYFWDKT<F /FKJUTYT<BS 
~PFLVTBTHBC HTFMWBF` 

lbfpj]ueabc xfyfwdkt,f /fkjutybc fnjvt,bs 
ofhvjt,c vtnfkbc thsdfktynbfyb /fkjutyblt,bs& 
vfufkbsfl^ atybklbfpjybevbc mkjhblbc wbd [cyfhib se 
itdbnfys rfkbevbc bjlbc lf cfhtfmwbj yfhtdc 
ufdfw[tkt,bs^ ofhvjbmvyt,f bjl,typjkb rfhub 
ufvjcfdkbfyj,bs% 
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N
+

N I

N2 KClKI + +

Cl
-

]

+
 

 
,hjv- lf mkjhofhvjt,ekt,bc vbcfqt,fl ufvjb.tyt-

,f thsdfktynbfyb cgbkty’bc ,hjvblb lf mkjhblb itcf,f-
vbcfl ,hjvo.fk,flv;fdbcf lf vfhbkv;fdbc sfyfj,bcfc% 

N
+

N Br

N2

CuBr
+ +

Cl
-

]

+ BrH Cu

Cl

Br

 
 
 
 

 
 

lfothts lbfpj]ueabc mkjhbc fnjvbs itwdkbc 
htfmwbf 

 
 
ufcyfresht,bs lbl .ehflqt,fc bmwtdc fhjvfnekb 

asjhofhvjt,ekt,bc vbqt,bc itcf’kt,kj,f lbfpjyfth-
st,bc ufvj.tyt,bs^ dbybflfy bub ghfmnbrekfl fhjvfnekb 
asjhofhvjt,ekt,bc vbqt,bc thslfsthsb ghtgfhfnbekb 
vtsjlbf& hjujhw ptvjs b.j fqybiyekb^ fhtylbfpjybevbc 
vfhbkt,c^ ‘bhbsflf mkjhblt,c^ eyfhb itcotds itdblyty 
bjyvbvjwdkbc htfmwbfib BF4

--bjysfy& fv lhjc vbqt,ekb 
lbfpjybevbc ntnhfasjh,jhfnt,b [fcbfslt,bfy fhfjhlb-
yfkehfl ufphlbkb vluhflj,bs^ hjvtksf bylbdblefke-
hb cf[bs ufvj.jaf lf ufhrdtekb lhjbs ityf[df itb’kt,f&  

vihfk lbfpjybevbc ntnhfasjh,jhfnt,pt itcf’-
kt,tkbf ufy[jhwbtkltc sthvekb lfikbc htfmwbf& 
lfikbc gbhj,t,bc pecnb ithxtdbc itvs[dtdfib htfmwbf 
vbvlbyfhtj,c rfhub ufvjcfdkbfyj,bs& ‘bhbsfl ghjlem-
nsfy – asjhfhjvfnek yfthssfy – thsfl sfyfehb yfth-
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st,bc cf[bs vbbqt,f ltpfvbybht,bc ghjlemnb lf ,batyb-
kbc ofhvjt,ekt,b& 

lflutybkbf^ hjv fhtylbfpjybevbc vjktrekfib 
fhjvfnek ,bhsdib tktmnhjyjmjyjhekb xfvyfwdkt,kt-
,b ffldbkt,ty lfikbc htfmwbfc lf bub itlfht,bs lf,fk 

~30-70 °C-pt` ntvgthfnehfpt vbvlbyfhtj,c^ [jkj tktm-
nhjyjfmwtgnjhekb xfvyfwdkt,kt,b rb vjmvtlt,ty 
gbhbmbs& 

N
+

N ]BF4

NaBF4

N
+

N ]Cl
°t

F

- BF3
- NaCl  

 
 

2&2&4& LBFPJ}UEABC XFYFWDKT<F WBFY}UEABS  

pfylvtbthbc vtsjlb vbcfqt,bf lbfpj]ueabc ybnhb-
kbc ]ueabs itcfwdktkflfw se ufvjdb.tyt,s thsdfkty-
nbfyb cgbkty’bc wbfyblc&  

 

N
+

N C N

N2+ +

Cl
-

]

+ CuCN CuCl
 

fqybiyek htfmwbfc fmdc elbltcb ghtgfhnekb 
vybidytkj,f^ dbyfblfy fv lhjc thsbc v[bd flubkb fmdc 
f[fkb C-C ,vbc cbystpc^ [jkj vtjht v[hbd vbbqt,f 
ghjvfnekb v;fdt,bc ybnhbkt,b^ hjvtksf /blhjkbpb 
b’ktdf fhjvfnek v;fdt,c& fmdt eylf fqbybiyjc^ hjv  
fhjvfnekb ybnhbkt,bc vbqt,f fkbafnehb ybnhbkt,bc 
vcufdcfl v;fdfpt rfkbevbc wbfyblbc vjmvtlt,bs fh 
vbvlbyfhtj,c& 
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2&2&5& LBFPJ}UEABC XFYFWDKT<F 
VTHRFGNJ}UEABS 

sbjatyjkt,bc vbqt,f itcf’kt,tkbf lbfpjybevbc 
vfhbkt,pt rfkbevbc /blhjcekablbs fy rfkbevbc 
mcfynjutyfnbs& erfcfrytk itvs[dtdfib htfmwbf 
vbvlbyfhtj,c ertstcb ufvjcfdkbfyj,bs% 

 

N
+

N S

S

O CH3

N2 KCl

+

+

Cl
-

]

+
S

OS
-

CH3K
+

SH

CS O+C2H5OH

+
rfkbevbc 
mcfynjutyfnb

sbjatyjkb
 

2&2&6& FHJVFNEKB FPJNOFHVJT<EKT<BC 
VBQT<F 

fhjvfnekb fpblt,b vbbqt,f lbfpjybevbc vfhbkt-
,bc ehsbths,vtlt,bs yfnhbevbc fpblsfy^ fqcfybiyfdbf^ 
hjv fv htfmwbfib rfnfkbpfnjhbc ufvj.tyt,f fh fhbc cf-
zbhj& 

 
 

N
+

N

N2 NaCl+
Cl

-
]

+ +
yfnhbevbc 
fpblb

NaN3

N3
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fhjvfnekb ybnhjyfthst,bc vbqt,f itcf’kt,tkbf 
lbfpjybevbc vfhbkt,pt ybnhbn-bjybc NO2

- vjmvtlt,bs 
cgbkty’bc ~+` jmcblbc sfyffj,bcfc& fqybiyekb vtsjlb 
ufvj.tyt,f vfufkbsfl 2-ybnhjyfasfkbc vbcfqt,fl& 

 

N
+ N

N2 NaCl+
Cl

-
]

+ +
NO2

NaNO2
 

fqybiyekb v[jkjl yfobkbf bv vhfdfkb cbystpbcf^ 
hjvkt,bw [jhwbtklt,f lbfpjyfthst,bc cfiefkt,bs& 

 
htfmwbt,b fpjnbc ufvj.jabc ~ufhtit fpjiteqkt-

,bc htfmwbt,b`&  
fpjiteqkt,bc htfmwbt,bc cfiefkt,bs vbbqt,bfy 

fpjcfqt,ht,b^ hjvkt,bw cfofhvjj cfqt,ht,bc 70)-c 
itflutyty& fpjiteqkt,f ofhvjflutyc fhjvfnek ,bhsdib 
tktmnhjabkehb xfyfwdkt,bc htfmwbfc& 

 fpjiteqkt,bc htfmwbt,ib vjyfobktj,c jhb 
htfutynb% 

• lbfpjrjvgjytynb ~lbfpjvfhbkb` 

• fpjrjvgjytynb ~xfyfwdkt,ekb fhjvfnekb 
yfths,b^ 'bhbsflfl fvbyt,b^  atyjkt,b`& 

N
+

N Cl
-

X ++ N
N X

ClH

lbfpj-
rjvgjytynb

fpj-
rjvgjytynb fpjcfqt,fhb

 

lbfpjrjvgjytynb cfhtfmwbj fhtib ofhvjmvybc cecn 
tktmnhjabkeh yfobkfrc^ hfw lfrfdibht,ekbf fpjnbc 
fnjvpt lflt,bsb ve[nbc ltkjrfkbpfwbfcsfy& 
lbfpjybevrfnbjybc fmnbdj,f lfvjrblt,ekbf fhjvfnek 
,bhsdib xfvyfwdkt,kt,bc [fcbfspt& tktmnhjyjfmwtgnj-
hekb xfvyfwdkt,kt,b jhsj lf gfhf-vlt,fhtj,fib 
lbfpj]ueabc vbvfhs phlbfy lbfpjybevrfnbjybc 
tktmnhjabkj,fc ~fvwbht,c ltkjrfkbpfwbfc`& 
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N
+

NN
+

O
-

O  
fvfcsfy lfrfdibht,bs bwdkt,f fpjiteqkt,bc 

htfmwbbc cbxmfht& vfufkbsfl^ gfhf-ybnhjatybklbfpj-
ybevbc vfhbkbc ufvj.tyt,bcfc htfmwbbc cbxmfht bphlt,f 
1300-]th fhfxfyfwdkt,ek atybklbfpjybevbc bjysfy 
itlfht,bs& tktmnhjljyjhekb xfvyfwdkt,kt,bc fhct,j-
,bcfc rb cfobyffqvltuj ufdktybc ufvj lbfpjybevrfnbjybc 
tktmnhjabkj,f vwbhlt,f% 

 

N
+

NOCH3

 
vtsjmcbatybklbfpjybevb 

 
 vtsjmcbatybklbfpjybevbc vfhbkbc fpjiteqkt,bc 

htfmwbbc cbxmfht fhfxfyfwdkt,ek atybklbfpjybevsfy 
itlfht,bs vwbhlt,f 100-]th& 

 fpjiteqkt,bc htfmwbfib lbfpjybevvfhbkb^ 
hjujhw cecnb tktmnhjabkb^ itlbc htfmwbfib v[jkjl 
tktmnhjyjljyjhekb xfvyfwdkt,kt,bs uffmnbdt,ek 
fhjvfnek yfthst,sfy ~fvbyt,sfy^ atyjkt,sfy`& fqcfybi-
yfdbf^ hjv xfyfwdkt,f vbvlbyfhtj,c jhsj lf gfhf-vlt,f-
htj,fib ufb[ctyts jhtynfwbbc otcb`& 

N
+

N + N
CH3

CH3 N

N

H
N

+
CH3

CH3

N
N N

CH3

CH3

ytkf

cohfafl

σ- rjvgktmcb

fpjiteqkt,f vtcfvtek fvbysfy ~vtmfybpvb` 
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N
+

N + OH N
N OH

fpjiteqkt,f atyjkt,sfy ~vtmfybpvb`
 

 fvbyt,blfy^ hjujhw fpjrjvgjytynb^ ufvjb.tyt,bfy 
v[jkjl vtcfvtekb fvbyt,b& gbhdtkflb lf vtjhtekb 
fvbyt,b rb ofhvjmvybfy nhbfptyt,c& 

 
 

2&3& GHFMNBREKB VBSBST<FYB 
FPJCFQT<HT<BC CBYSTPBCFSDBC 

       
 lbfpjnbht,bcf lf fpjiteqkt,bc htfmwbbc xfcfnf-

ht,kfl cfzbhjf itvltub [cyfht,bc vjvpflt,f% 
[cyfhb +&  gbhdtkflb fvbybc vfhbkbc vbqt,f&   gbhdtkfl 

fvbyc fvfnt,ty vbythfkeh v;fdfc& .dtkf fvbyc   
czbhlt,f cgtwbabrehb cfhtfmwbj gbhj,t,b& 

[cyfhb ++& NaNO2-bc o.fk[cyfhbc vjvpflt,f& 
[cyfhb +++& fpjrjvgjytynbc [cyfhbc vjvpflt,f&  
.dtkf fpjrjvgjytync czbhlt,f cgtwbabrehb cfhtfmwbj   
gbhj,t,b&  [cyfht,bc lfvpflt,bc itvltu evtntc 
itvs[dtdfib vfs fwbdt,ty .byekbs& + [cyfhc evfnt,ty ++ 
[cyfhc ~+^ ++ lbfpjnbht,bc htfmwbf`& vbqt,ek [cyfhc ~+^ ++` 
evfnt,ty 111 [cyfhc ~iteqkt,bc htfmwbf`& 

 
 

lfothts fpjcfqt,ht,bc vbqt,bc htfmwbt,b itvltub 
yfthst,bc ufvj.tyt,bs% 

lbfpjitvflutytkb fpjitvflutytkb 

fybkbyb lbvtsbkfybkbyb 
j-njkeblbyb      fybkbyb 
cekafybkv;fdf     lbvtsbkfybkbyb 

 
 

fybkbyb g-rhtpjkb 
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hjujhb lbfpj lf fpjrjvgjytynt,bs eylf dbcfh-
ut,kjs itvltub cfqt,ht,bc vbcfqt,fl% 

N
N

N
N

NH2

NH2

NaO3S

SO3Na

NH2 N
N NH2

N

N NH2

NH2

N

N

OH
O2N

rjyuj obstkb

fybkbybc .dbstkb

mhbpjlbyb

g-ybnhjpjfybkbybc  obstkb
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3&   UHBYBFHBC HTFMWBT<B   
 
 vtnfkjhufyekb yfthst,blfy jhufyek cbystpib 

.dtkfpt vtnfl  ufvj.tyt,ekbf vfuybjhufyekb yfthst,b^ 
hjvtkibw C-Mg ,vf .dtkpt 'kbth gjkfhbpt,ekbf& 

 vfuybjhufyekb yfthst,b^ t&o& uhbybfhbc 
htfutynt,b^  vbbqt,bfy /fkjutyfkrbkbc fy fhbkbc 
vjmvtlt,bs vtnfkeh vfuybevsfy f,cjkbnehb tsthbc  

fhtib∗ & 

R-X + Mg → RMgX ~X fhbc /fkjutyb ` 
 

htfmwbbc lfo.t,bcfsdbc  cfzbhjf  vfuybevbc  
uffmnbeht,f^  hjvtkcfw [ibhfl f[ltyty bjlbc 
cfiefkt,bs& hfw fb[cyt,f MgI yfthsbc ofhvjmvybs lf vbcb 
htutythfwbbs^ MgI fybwbht,c  /fkjblfkrbkib  fy  
fhbkib ,vbc /jvjkbpeh uf[ktxfc& 

Mg + I2 → MgI2 
MgI2  + Mg → 2 MgI⋅ 
R-X + MgI⋅ → R⋅ + MgIX 

MgIX + Mg → MgX⋅ + ⋅MgI 
R⋅ + ⋅MgX → RMgX 
 
f,cjkbnehb tsthb cfzbhjf fhf v[jkjl ufv[c-

ytkfl^  fhfvtl  rjvgktmcyfthsbc vbcfqt,fl ~tsthfnb`& 
 vfuybjhufyekb yfthst,bc vbqt,bc cmtvf chekfl fh 

b'ktdf ghjwtcbc vbvlbyfhtj,bc cehfsc& tsthb ofhvjmvybk  
vfuybjhufyek  yfthssfy  

udf'ktdc tsthfnc& rdktdt,vf udbxdtyf^ hjv  fhct-
,j,c  rjjhlbyfwbekb ,vt,b tsthbc ;fyu,flbcf lf vfu-
ybevbc fnjvc ijhbc& 

                                                 
∗ lbtsbkbc  tsthbc  leqbkbc  ntvgthfnehff -34^5°C & bub 

fldbkfl fmhjkflbf  lf  ffkt,flbf^  fvbnjv  vbc  yfwdkfl  [ibhfl 
b[vfht, f ntnhf/blhjaehfyb 
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O

H5C2

H5C2

Mg

R

R

O

C2H5

C2H5 
ufhlf fvbcf^ tsth[cyfht,ib v.fhlt,f ojyfcojhj,f^ 

Mg R

X

R Mg

X
R Mg

X

RMg

X

+

Mg X

R

R Mg

X

Mg

R

R

+ Mg

X

X

 
hjvtkbw lfvjrblt,ekbf vhfdfk afmnjhpt^ vfs 

ijhbc /fkjutybc^  hflbrfkbc^ ufv[cytkbc ,eyt,fpt lf 
c[df& 

 uhbybfhbc yfthst,b bikt,f  ybdsbtht,t,bs^  
hjvkt,bw  itbwfdty fmnbeh o.fk,flc& fmnbehbf o.fk-
,flb^  hjvtkcfw  ite'kbf  xftyfwdkjc vtnfkbs^ vfufkb-
sfl v;fdt,bc^ cgbhnt,bc^ o.kbc^ fvbybc^  fwtnbktybc o.fk-
,flt,b lf  ofhvjmvybfy  yf[ibho.fk,flc^  hjvtkbw  
itlutybkj,bs vcufdcbf ufvjcfdfkb /fkjblyfthbcf& o.fkb 
lf cgbhnb ikbc vfuybjhufyek yfthst,c      

RMgX + H2O → R-H + Mg(OH)X 
RMgX + C2H5OH → R-H + C2H5OMgX 
fvbnjv cbystpt,ib ufvj.tyt,ekb  tsbkbc  tsthb  

f,cjkbnehfl  vihfkb eylf b.jc lf fh eylf itbwfdltc 
cgbhnbc rdfkc& fctdt  /fkjutyyfofhvt,bw eylf b.jc 
ufvjvihfkb lf ufceasfdt,ekb ufvj[lbc cfiefkt,bs& 

 vfuybjhufyekb yfthst,b /fthbc ;fyu,flbc  vbvfhs  
fhfvluhflbf^ fvbnjv htfmwbbc lhjc [cyfhbc ptlfgbhpt 
v.jab tsthbc jhsmkb  vfuybjhufyekb yfthsc /fthbc 
vjmvtlt,bcfufy bwfdc^ vfuhfv ;fyu,flbc vjmvtlt,bc 
vskbfyfl sfdblfy fwbkt,bc vbpybs htfmwbf  eylf  
nfhlt,jltc bythnekb fbhbc fhtib& 
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3&1&    YF{IBHO>FK<FLT<BC CBYSTPB    
 
 vfuybjhufyekb yfthst,bc ehsbthsmvtlt,f fkrbk-

/fkjutysfy vbvlbyfhtj,c 'fkbfy hsekfl^ v[jkjl vtcf-
vtekb lf vtjhtekb /fkjutyfkrbkt,b itlbfy htfmwbfib 
uhbybfhbc htfutynsfy  xdtekt,hbd  gbhj,t,ib&  

yf[ibho.fk,flt,bc ufvjcfdkbc  ufphlbcfsdbc  
b.tyt,ty  rfnfkbpfnjhc ~[ibhfl cektvfc`& 

++ MgBr2CH3 MgBr CH3

CH3

CH3

Br
CH3

CH3

CH3

CH3

 

ufvjyfrkbcbf fkbkehb  /fkjutyfofhvt,b^  hjvkt-
,bw  vfuybjhufyek yfthst,sfy ofhvjmvybfy yf[ibho.fk,f-
lt,c vfqfkb ufvjcfdkbs& 

RMgX + Br R + MgBrX
 

uhbybfhbc  htfutynbc  vjmvtlt,bs o.fksfy^ cgbh-
nsfy lf c[df #fmnbehb@ o.fk,flbc itvwdtk yfthst,sfy 
vbbqt,f yf[ibho.fk,flt,b yf[ibh,flfnjvt,bc bvfdt 
hbw[dbs& 

 

CH3MgX + HOH → CH4 + Mg(OH)X 
CH3MgX + HOR’ → CH4 + R’OMgX 
tc ghjwtcb ufvjbcf[t,f jhcfat[ehfl& gbhdtk 

cfat[ehpt ofhvjbmvyt,f iefktlehb rjvgktmcb& 

  

R1

R2

O Mg
X

R
R1

R2

O Mg
X

R+
δ+ δ−

 
vtjht cfat[ehpt [lt,f fkbafnehb fy  fhjvfnekb  

hflbrfkbc  vbuhfwbf ~fybjybc fy sfdbceafkb hflbrfkbc  
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cf[bs`  vfuybevblfy  rfh,jybkehb ]ueabc yf[ibh,flb-
cfrty& 

 

R1

R2

O Mg
X

R
Mg X

R

R2 O

R1

δ+ δ−

 
 
 

3&2& CGBHNT<BC CBYSTPB     
 uhbybfhbc htfutynbc vjmvtlt,bs rfh,jybkeh 

yfthst,sfy vbbqt,f cgbhnt,b& htfmwbf fldbkfl 
vbvlbyfhtj,c& c[dflfc[df hflbrfkbc itvwdtkb gbhdtkflb 
cgbhnt,b vbbqt,bfy uhbybfhbc htfutynbc vjmvtlt,bs 
zbfyzdtkfklt/blsfy& 

RMgX+ C O
H

H

RCH2OMgX

RCH2OMgX+ OH2
RCH2OH Mg(OH)X+

1.

2.
 

gbhdtkflb cgbhnt,b fuhtsdt vbbqt,f tsbktybc 
;fyupt  vfuybjhufyekb yfthsbc vjmvtlt,bs& 

RMgX+ CH2 CH2

O

+ Mg(OH)X

R
OMgX

OH2

R
OH

 
fv lhjc vbqt,ekb cgbhnb itbwfdc yf[ibh,flc jhb 

fnjvbs vtnc^  dblht ufvjcfdfkb vfuybjhufyekb yfthsb& 
vtjhtekb cgbhnt,b vbbqt,f vfuybjhufyekb yfth-

sbc  vjmvtlt,bs yt,bcvbth fklt/blsfy^ ufhlf zbfyzdtk 
fklt/blbcf& 
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R1MgX + C

O

R

H
C

O

R

H

R

Mg
X

C

OH

R

H

R1 + Mg(OH)X

 
 
fy vbcb ehsbthsmvtlt,bs fkrbkajhvbfnsfy& 

H C
O

OR
+ 2 R1MgX

- Mg(OR)X R1

CH

R1

O
Mg X

R1

CH

R1

OH + Mg(OH)X

 
 
 vtcfvtekb cgbhnt,b rfhub ufvjcfdkbs  vbbqt,bfy  

vfuybjhufyekb yfthst,bc vjmvtlt,bcfc rtnjyt,sfy 

RMgX+ C

O

CH3

CH3

C

O

CH3

CH3

R

Mg
X

C

OH

CH3

CH3

R + Mg(OH)X

 
 
 fv vbpybcfsdbc ufvjb.tyt,f fkbafnehb w[bvjdfyb 

hbubc fhjvfnekb rtnjyt,b& bidbfsfl fnfht,ty vfuybev-
jhufyek yfthst,pt htfmwbt,c rfh,jyv;fdfsf tstht,sfy^  
fy/blhblt,sfy  lf  /fkjutyfy/blhblt,sfy - vtcfvtekb 
cgbhnt,bc vbcfqt,fl& 
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CH3 C
O

X

R1MgX

CH3
C

O

X

R1

Mg
X

CH3
C

O

R2

R1

Mg
X

CH3
C

OH

R2

R1

R2MgX

- MgrX2

- Mg(OH)X

cflfw X= O-Alk
O-Ar

O

R1

Cl
Br
I

OH2

 
 
 

3&2&1& FKLT/BLT<BCF LF RTNJYT<BC CBYSTPB    

 fklt/blt,b  lf rtnjyt,b vbbqt,bfy uhbybfhbc 
htfutynbc vjmvtlt,bs v;fdbc tstht,sfy& zbfyzdtkv;fdbc  
tsthsfy  vjmvtlt,bcfc vbbqt,f fklt/blb^ lfyfhxtyb 
v;fdt,bc tstht,sfy rb -rtnjyt,b 

 

H C
O

OR1

+ RMgX H C
O

OR1

R
Mg X

OH2 R C
O

H
- Mg(OH)X
- R1OH

+
 

R1 C
O

OR2

+ RMgX R1 C
O

OR2

R
Mg X

OH2 R C
O

R1
- Mg(OH)X
- R2OH

+
 

 
 
 yfthst,c^ hjvkt,bw vbbqt,bfy hsekb tstht,bc 

vjmvtlt,bcfc  ths vjktrekf vfuybjhufyek yfthssfy^ 
rdkfd ite'kbfs itdblyty htfmwbfib  vtjht  vjktrekf  
vfuybjhufyek  yfthssfy&  fvbnjv  hsekb tstht,blfy fk-
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lt/blt,bc lf rtnjyt,bc vbqt,fc sfy cltdc vtjhtekb  lf  
vtcfvtekb cgbhnt,bc ofhvjmvyf& 

 

3&2&2& RFH<JYV:FDT<BC CBYSTPB    

rfh,jyv;fd,b vbbqt,bfy vfuybevjhufyek yfthsib 
vihfkb CO2-bc ufnfht,bs& 

RMgX + CO2 R C
O

O Mg
X

R C
O

OH

OH2 + Mg(OH)X

 
 
 CO2-bc yfrflb 'fkbfy ytkf  eylf  bmyfc  

vbojlt,ekb  htfmwbbc vcdktkj,bc lhjc^ obyffqvltu itv-
s[dtdfib flubkb tmyt,f  sfyfehbghjlemnt,bc ~rtnjyt,b 
lf vtcfvtekb cgbhnt,b` ufvj.jafc& ntvgthfnehf rb 

0-10°C*  obyffqvltu itvs[dtdfib lbtsbkbctsthb fjhs-
mklt,f& 

R C
O

O Mg
X

+ RMgX R C
O

O Mg
X

R
Mg

X

R
C

O

R

OH2 R C

OH

OH

R2

-2  Mg(OH)X

OH2

 

 rfh,jyv;fdfsf tstht,b fuhtsdt vbbqt,f mkjhzbfy-
zdtkv;fdfc  tstht,blfy- 

RMgX+ Cl C
O

O R
R C

O

O R
+ MgXCl
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vfuybjhufyekb yfthst,bc cfiefkt,bs vbbqt,bfy 
fuhtsdt ybnhbkt,b^ c[df fpjn- lf ujubhlitvwdtkb 
jhufyekb yfthst,b lf c[df& 

 
 
 

4& FWBKBHT<BC  HTFMWBT<B   

 jhufyek yfthst,ib rfh,jyv;fdfsf fy ;fyu,fl-
itvwdtk fhfjhufyek v;fdfsf yfist,bc it.dfyfc 
fwbkbht,bc htfmwbf tojlt,f&  

rfh,jyv;fdfsf itvs[dtdfib fwbkbc pjuflb ajh-
vekff   

R C
O

 
pjubthsb jhufyekb lf fhfjhufyekb v;fdfc 

yfist,bc lfcf[tkt,t,b vjwtvekbf mdtvjs% 

H C
O

CH3
C

O

C

O

CH3

C

O

CH3

ajhvbkb fwtnbkb ghjgbjybkb

,enbhbkb ,typjbkb

S

OH

O

O S
O

O
N

+

O
-

O

O
N

cekajybkb cekabyb ybnhj ybnhjpj

O
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fwbkbht,bc htfmwbt,b lfvf[fcbfst,tkbf fhjvf-
nekb yf[ibjo.fk,flt,bc^ /blhjmcbk^ sbjk lf fvbyj-
]ueabc itvwdtkb yfthst,bcfsdbc& fwbkbht,bc htfmwbt,bc 
lhjc fv yfthst,ib vbvlbyfhtj,c o.fk,flfnjvt,bc 
xfyfwdkt,f fwbkbc hflbrfkbs itvltub pjuflb cmtvbc 
vb[tldbs% 

Ar H Ar
O

H

R(Ar)OH
R1

O

O
R(Ar)

R(Ar)NH2
R1

O

N
H

R(Ar)

 
fvhbufl^ jhufyekb yfthsbc vjktrekfib ofhvj-

bmvyt,f f[fkb ,vt,b C-Ac, O-Ac, N-Ac, S-Ac. 
 fv htfmwbt,c lblb ufvj.tyt,f fmds jhufyek cby-

stpib& vfsb  cfiefkt,bs 'bhbsflfl [jhwbtklt,f  fhjvf-
nekb  lf  w[bvjdfyb-fhjvfnekb rtnjyt,bc ~ahbltk -
rhfancbc htfmwbt,b`^ hsekb  fwbkitvwdtkb  re,ehb 
cfqt,ht,bc^ cfvrehyfkj ghtgfhfnt,bc^ [tkjdyehb ,jz-
rjt,bc lf c[dfsf cbystpb& 

 fwbkbht,bc htfmwbt,bc  cfiefkt,bs  [lt,f  aey-
mwbehb  ]ueat,bc t&o& #mbvbehb lfwdf@^ t&b& fmnbeh aey-

mwbeh ]ueat,ib ~vfu& NH2` [lt,f fwbkbc ]ueabc lhj-
t,bsb it.dfyf^ itvlujv bv  cfat[eht,bc  xfnfht,f^ 
hjvkt,bw itpqelekbf fmnbehb fvbyj]ueabc fhct,j,bc  
ufvj  lf  ,jkjc fwbkbc ]ueabc vjijht,f lf itcf,fvbcfl 
fvbyj]ueabc fqlutyf&  vffwbkbht,tk  futynt,fl  ufvjb.t-
yt,f%  rfh,jyv;fdt,b R-COOH^ vfsb fy/blhblt,b ~R-CO)2O^ 
/fkjutyfy/blhblt,b R-COHlg^ rfh,jyv;fdt,bc hsekb  
tstht,b R-COOR’^  fuhtsdt  fhbkcekajv;fdt,bc /fkj-
utyfy/blhblt,b lf tstht,b g-CH3-Ar-SO2Cl, g-CH3-Ar-
SO2OCH3, cflfw Ar-SO2 ofhvjflutyc  fwbkbc  ]ueat,c&  
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fwbkbht,bc  htfmwbbc cbxmfht lf itcf,fvbcfl cf,jkjj 
ghjlemnbc ufvjcfdfkb lfrfdibht,ekbf vffwbkbht,tkb  
futynt,bc  fmnbehj,fpt^  hjvtkbw bwdkt,f itvltub 
vorhbdbc vb[tldbs% 

O R1

R C

Oδ−

δ+

O H
R C

O
δ−

δ+
O

R C

O

R
O

δ−

δ+

Hal
R C

O

δ−

δ+

< < <<

 
vjwtvek yfthst,ib fwbkbc  ]ueabc  vbvfhs .dtkf 

xfvyfwdkt,tkb% /fkjutyb ~/fkjutyfy/blhblt,ib`^  
rfh,jmcbkfnfybjyb ~fy/blhblt,ib`^ /blhjmcbkbc ]ueab 
~v;fdt,ib`^ fkrjmcb]ueab ~tstht,ib` [fcbfslt,f 'kbthb 
bylemwbehb tatmnbs& fvbc ufvj fqybiyek yfthst,ib 
fwbkbc  yf[ibh,flbc  fnjvpt  fqbybiyt,f  vfqfkb tktm-

nhjlflt,bsj,f ~δ+`& tc  erfyfcrytkb  vwbhlt,f  ;fyu,fl-
itvwdtkb xfvyfwdkt,kt,bc  ;fyu,flfnjvt,bc  sfdbceafkb  
tktmnhjyekb  o.dbkbc uflf[hbs C-rty^ hfw  ufyfgbhj-
,t,c  lflt,bsb  ve[nbc  itvwbht,fc fwbkbc  yf[ibh,fl-
fnjvpt&  /fkjutybc  itvs[dtdfib fhf fmdc flubkb 
vtpjvthek  tatmnc^  hbsfw  fb[cyt,f  /fkjuty-
fy/blhblt,bc .dtkfpt vfqfkb vffwbkbht,tkb fmnbehj,f& 

4&1& FHJVFNEKB YFTHST<BC FWBKBHT<F   
~AHBLTK-RHFANCBC HTFMWBT<B` 

 
 ahbltk-rhfancbc  htfmwbbc  vb[tldbs  qt,ekj,ty  

fhjvfnek lf w[bvjdfy-fhjvfnek rtnjyt,c& fv htfmwbbc  
cfiefkt,bs  [lt,f  fwbkbc ]ueabc it.dfyf fhjvfnek  
,bhsdib%  ,typjkib  lf  vbc  /jvjkjut,ib^ yfasfkbyib^  
fynhfwtyib^  c[df  aeymwbehb ]ueat,bs xfyfwdkt,ek 
fhjvfnek  ,bhsdib  ~atyjkt,ib^  yfasjkt,ib`^  [es  lf  
tmdcotdhbfy /tnthjwbrkeh fhjvfnek yfthst,ib& vffwb-
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kbht,tk futynt,fl ufvjb.tyt,f v;fdfsf /fkjutyfy-
/blhblt,b lf fy/blhblt,b& 

 
O

H

O H

X X
O

H

/tnthjfnjvbfXcflfw
 

 
 
htfmwbf vbvlbyfhtj,c tktmnhjabkehb xfyfw-

dkt,bc htfmwbbc vtmfybpvbs  ~SE`&  + cfat[ehpt fmnbehb 
tktmnhjabkehb yfobkfrbc ofhvjmvybcfsdbc fewbkt,t-
kbf rfnfkbpfnjhbc ~kebcbc v;fdf` ufvj.tyt,f rfnfkb-
pfnjhfl [ibhfl ufvjb.tyt,f eo.kj AlCl3^  yfrkt,fl - 
FeCl3, SnCl4, BF3, ZnCl2. 

tktmnhabkehb yfobkfrb ofhvjbmvyt,f itvltub 
htfmwbbc vb[tldbs% 

R
C

+ O
-

Cl
+ Al

Cl

Cl

Cl

R

C
+

OCl
Al

-
Cl

Cl

Cl
+ Al

Cl

Cl

Cl

[R-C=O AlCl3] AlCl4
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dbyfblfy tktmnhjabkehb yfobkfrb  ofhvjbmvyt,f  
rfnfkbpfnjhbcf lf vffwbkbht,tkb futynbc rjvgktmcehb 
yfthsbc ofhvjmvybs^ rfnfkbpfnjhbc hfjltyj,f 
fkrbkbht,bc htfmwbt,sfy itlfht,bs vrdtshfl bphlt,f& 1 
vjk /fkjutyfy/blhblpt bqt,ty 1-1&2 vjk AlCl3^ 
itcf,fvbcfl  fy/blhblbc  itvs[dtdfib  2  vjkpt  vtnc& 

tktmnhjabkehb xfyfwdkt,bc htfmwbt,b rkfcb-

rehb cmtvbc vb[tldbs iefktlehb π_ lf  σ-rjvgktmct,bc  
ofhvjmvybs  vbvlbyfhtj,c  cfat[eht,fl% 

 

+
R

C
+

O AlCl3
AlCl4

R

C
+

O AlCl3

R

O AlCl3

rjvgktmcbπ

R

O

CH
+ H

AlCl3
AlCl4

+

ClH

+

AlCl3

R

O AlCl3
+ OH2

R

O

+

ClH

+

Al(OH)Cl2

AlCl4

 
 
 
ahbltk-rhfancbc htfmwbf tupjsthvekbf^ ~cfzb-

hjt,bc itvs[dtdfib cfhtfmwbj yfhtdc fwbdt,ty`% htfmwbbc 
lfvsfdht,bc itvltu cfhtfmwbj yfhtdb w[tklt,f htfmwbbc 
,jkjvlt vbcf.dfyfl-  ofhvjmvybk cfhtfmwbj vfcfc fwbdt-
,ty^  uflffmds  .byekbfy  o.fkib  ~ev]j,tcbf .byekpt`  lf  
vbqt,ekb rjvgktmcbc chekb lfikbcfsdbc evfnt,ty 
rjywtynhbht,ek vfhbkv;fdfc&  

 ahbltk-rhfancbc htfmwbt,bc cfiefkt,bs vbbqt,f 
rtnjyjv;fdt,bw&  
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O

O

O

+

O
O

OH

β- ,typjbkghjgbjyv;fdf

O

O

O

+

O

COOH

j-rfh,jmcb,typjatyjyb
 

 
fqcfybiyfdbf^ hjv ahbltk-rhfancbc vb[tldbs 

fwbkbht,bc htfmwbbc  lhjc  fh  [lt,f  sfyfehb 
ghjlemnt,bc ofhvjmvyf& tc ufvjodtekbf  fwbkbc  ]ueabc  
,eyt,bs  ~fwbkbc ]ueab ++ hbubc xfvyfwdkt,tkbf`& 

 
 
 
 

4&2& /BLHJMCBKBC }UEABC FWBKBHT<F    
cgbhnt,bc vjktrekfib fwbkbc  ]ueabc  it.dfybs  

vbbqt,f  hsekb tsthb& fv htfmwbfc elbltcb  vybidytkj,f  
fmdc  ,eyt,fib  ~w[bvt,bc cbystpb`  lf  vhtodtkj,fib  
~iefktlehb ghjlemnt,b c[df  yfthst,bc  cbystpbcfsdbc^  
cgtwbabrehb ufv[cytkt,b`& 

,thnkjc vbth fv htfmwbbc itcofdkbsf  lf  ghfm-
nbrekb ufvj.tyt,bs bo.t,f  jhufyekb  cbystpbc xfvj.f-
kb,t,f& [ibhfl tc htfmwbf ufyb[bkt,f hjujhw tsthbab-
rfwbbc htfmwbf& 

tsthbabrfwbbc  htfmwbfib  itlbc  c[dflfc[df fqyf-
uj,bcf lf fnjvbfyj,bc  fwbrkehb^  wbrkehb  lf  fhjvf-
nekb /blhjmcbkitvwdtkb yfthst,b - cgbhnt,b& eylf fqb-
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ybiyjc^  hjv  atyjkt,ib  lf  yfasjkt,bc O-Ac ,vbc 
ofhvjmvyf vbvlbyfhtj,c ufyc[dfdt,ek gbhj,t,ib& 

 
 
 
 

4&3& CGBHNT<BC FWBKBHT<F    
~TSTHBABRFWBBC HTFMWBF` 

 cgbhnt,bc tsthbabrfwbf vbvlbyfhtj,c  vffwbkbht-
,tkb  futynt,bc ufvj.tyt,bs& vfs ijhbc .dtkfpt lblb 
vybidytkj,f fmdc rfh,jyv;fdt,c^ itlfht,bs yfrkt,b 
ufvj.tyt,f rb  /fkjutyfy/blhblt,c^ hjvkt,bw vfhsfkbf  
vfqfkb  htfmwbbceyfhbfyj,bs [fcbfslt,bfy^  vfuhfv  'yt-
kfl  [tkvbcfodljvyb  fhbfy&  fy/blhblt,bc ufvj.tyt,f  
itpqelekbf tsthbabrfwbbc ghjwtcbc lhjc sfyfehb 
ghjlemnt,bc ufvj.jabc ufvj& 

hsekb tstht,bc ofhvjmvyf itb'kt,f ufvjbcf[jc  
itvltub  cmtvbc vb[tldbs% 

R1 OH + R
O

OH
R1

O

R

O + OH2

 
htfmwbf itmwtdflbf lf htfmwbbc cbxmfhbc 

ufcflblt,kfl b.tyt,ty vbythfkeh  v;fdt,c  ~[ibhfl  uj-
ubhlv;fdf^  vihfkb mkjho.fk,flb`& htfmwbf vbvlbyfhtj,c 
bjyehb vtmfybpvbs& gbhdtk cfat[ehpt rfnfkbpfnjhbc H+  
ethslt,f vffwbkbht,tk futynib  ths-thsb  ;fyu,flbc 
sfdbceafk tktmnhjyek o.dbkc lf ofhvjmvybc rfh,j-
rfnbjybc 'kbth tktmnhjabkc& 

R
O

OH

δ+
H

+

R C
+

OH

OH  
vtjht cfat[ehpt  ofhvjmvybkb  rfh,jrfnbjyb  

ethslt,f  cgbhnbc vjktrekfc  iefktlehb  ljyjhek-
fmwtgnjhekb rjvgktmcbc  ofhvjmvybs^  hjvtkbw itv-
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lujvib o.fk,flbc  - ghjnjybc ~rfnfkbpfnjhbc` lf 
o.kbc ufvj.jabs ufhlfbmvyt,f hsek tsthfl& 

+

R
O

OH

+

δ+
H

+

R C
+

OH

OH

R C
+

OH

OH

+

R1OH R

OH

OH

O
+
R1

H

R

OH

OH

O
+
R1

H R

OH
O

R1

OH2
R

O

O
R1

OH3
+

R

OH
O

R1

+

OH2H
+

 
htfmwbbc fcts vcdktkj,fc  flfcneht,c  #ybify-

lt,ekb  fnjvt,bc@ vtsjlbc  ufvj.tyt,f&  o.fkb  ufvjb.jaf  
rfh,jyv;fdfc /blhjmcbkbc ]ueabc [fh]pt& 

 

R1 OH + R
O

O18 H
R1

O

R

O + O18
H

H
 

tsthbabrfwbbc htfmwbbc gbhdtk cfat[ehpt 
itb'kt,f fctsb  cf[bc rfh,jrfnbjybc ofhvjmvyfw% 
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R
O

OH

OH2

H
++ R

O

O
+

H
H

R
O

O
+

H
H

R C
+

O +
 

~fqybiyekb vtmfybpvbc  vb[tldbs  lffvsfdhts  hsekb  
tsthbc  vbqt,bc htfmwbf`& 

 htfmwbbc itmwtdflj,bc ufvj tstht,bc vbqt,bc lhjc  
lblb  vybidytkj,f fmdc htfmwbbc xfnfht,bc jgnbvfkeh 
gbhj,t,c& 

 ,thnkjc rkfcbrehb yfihjvt,bc  vb[tldbs  ojyfc-
ojhj,f  ~vfhnbdb cgbhnt,bcf lf v;fdt,bc itvs[dtdfib` 
v.fhlt,f vfiby^ hjltcfw  htfmwbfib itlbc sbsjtekb 
ufvjcfdfkb ybdsbtht,bc  2$3  vjkb&  vfufkbsfl  

‘vfhv;fdftsbktsthbc itvs[dtdfib^ se  tsbkbc  
cgbhnb  lf  ‘vfhv;fdf fqt,ekbf tmdbdfktynehb sfyfafh-
lj,bs ~1%1`^  vfsb ehsbthsmvtlt,bs  itb’kt,f  v[jkjl  
2$3  vjkb  hsekb  tsthb bmytc vbqt,ekb ~66^75) stjhb-
ekblfy`* 2$3 vjkb hsekb  tsthbc  ofhvjmvybc lhjc 
gbhlfgbhb  lf  it,heyt,ekb  htfmwbbc  cbxmfht  sfyf,-
hlt,f  lf v.fhlt,f ojyfcojhj,f& vfcfsf velvbdj,bc rfyj-
ybc sfyf[vfl   ojyfcojhj,bc lfv.fht,bc lhjc  

V1=V2 
 

 cfblfyfw  

1 3 2 5 2 3[ ][ ] [ ] [ ]k CH COOH C H OH k CH COOEt HOH⋅ = ⋅  

cflfw k1 lf k2 gbhlfgbhb lf itmwtdflb htfmwbt,bc  
cbxmfhbc rjycnfynff&  fv  njkj,t,bc itafhlt,bs 
dqt,ekj,s ojyfcojhj,bc rjycnfynfc% 

3 2 51

2 3 2 5

[ ][ ] 2 / 3 2 / 3 4
[ ][ ] 1/ 3 1/ 3
CH COOC H HOHkk

k CH COOH C H OH
⋅

= = = =
⋅
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 se wyj,bkbf tc cblblt^ vfiby ufvjcfdfkb ybdsbt-

ht,t,bc  ~v;fdf lf cgbhnb` rjywtynhfwbt,bc wdfkt,f-
lj,bs^ itb’kt,f ufvjsdkbk  bmyfc hsekb tsthbc  
ufvjcfdfkb&  vfufkbsfl%  se  fdbqt,s  ‘vfhv;fdfc  lf 
cgbhnc vjkehb itafhlt,bs 1%2 ~fy gbhbmbs`^  X-bs  
fqdybiyfds  f[fk ojyfcojhek  vlujvfhtj,fib  cfhtfmwbj  
yfhtdib  ofhvjmvybkb hsekb tsthbc vjkt,bc hbw[dc^ 
itcf,fvbcfl  ofhvjmvybkb  o.kbc  hfjltyj,fw bmyt,f  X 
vjkb^ hflufy .jdtk vjktrekf ofhvjmvybk tsthpt 
ofhvjbmvyt,f 1 vjktrekf o.fkb& lfhxtybkb  v;fdfc  
rjywtynhfwbf  fv itvs[dtdfib bmyt,f ~1-X` vjkb^  [jkj  
cgbhnbc  rjywtynhfwbf  ~2-X` vjkb^ fmtlfy%  

[ ][ ]4
[1 ][2 ]

x xk
x x

= =
− −

 

 
 ufvjfyufhbit,bc itltufl X – 0&85^ t&b& jhvfub 

hfjltyj,bs cgbhnbc fqt,bcfc 66^7)-bc yfwdkfl^ itb’kt,f 
vbqt,ek bmytc 85)  hsekb tsthb& fvhbufl  tsthbc  
ufvjcfdkbfyj,bc  ufphlbc  vbpybs  ths-thsb ufvjcfdfkb 
ybdsbtht,f fqt,ek eylf bmyfc vtnb hfjltyj,bs^ dblht  tc 
cntmbjvtnhekb ufynjkt,bc vb[tldbsff cfzbhj ~[ibhfl  
zfh,fl  bqt,ty itlfht,bs bfaflqbht,ek cgbhnc`& 

 vtjht cfiefkt,f htfmwbbc uflfotdbcf tsthbc 
ufvjcfdkbc uflblt,bc vbpybs vlujvfhtj,c ths-thsb 
vbqt,ekb ybdsbtht,bc htfmwbbc fhtlfy vjwbkt,fib& 
lf,fkvleqfht hsekb tstht,bc cbystpbc lhjc  cfhtfmwbj 
fhtlfy ufvjb[lt,f tsthb ~’vfhv;fdftsbktsthb -leq&ntvg& 

77 °C`^ [jkj vfqfkvleqfht hsekb tsthbc vbqt,bc 

lhjc- o.fkb ~’vfhv;fdfbpjfvbktsthb - leq& ntvg 142 °C`& 
evfhnbdtc  itvs[dtdfib o.fkc ,jzfdty rfnfkbpfnjhbc 
lfvfnt,bs  ~ujubhlv;fdf^  vfhbkv;fdf`^ [jkj cfhtfmwbj 
yfhtdblfy hsekb tsthbc vjcfwbkt,kfl yfhtdc evfnt,ty 
bcts ufv[cytkc^ hjvtkbw rfhufl [cybc vbqt,ek tsthc^ 
welfl- o.fkc& 
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 tsthbabrfwbfpt  lbl  ufdktyfc  f[ltyc cbdhwbsb 
afmnjht,b&  

rfh,jmcbkbc  ]ueasfy  lfrfdibht,ekb  fkrbkbcf  
lf  cgbhnt,ib hflbrfkt,bc cbdhwbsb  vjwekj,t,bc  
ufphlbs  tsthbabrfwbbc  htfmwbbc cbxmfht vwbhlt,f& fvfc-

sfy lfrfdibht,bs α-xfyfwdkt,ekb  v;fdt,b  lf itcf,fvbcfl  
vtcfvtekb  cgbhnt,b  tsthbabrfwbfc ghfmnbrekfl fh 
ufybwlbfy& 

htfmwbbc ufvjcfdfkb bphlt,f  /fkjutyfy/blhblt-
,bc  ufvj.tyt,bc lhjc^ hjltcfw htfmwbf ghfmnbrekfl fh 
fhbc itmwtdflb& 

+R C
O

Hal
R1OH R C

O

O R1

+ HHal

 
fctsb vtsjlbs ofhvjt,fib vbbqt,f vtnfl 

vybidytkjdfyb yfthst,b – w[bvt,b& 

CH2
CH

CH2

O

O

O

C

C

C

R

R1

R2

O

O

O

 
cbystpehfl w[bvb  gbhdtkfl vbbqj  ahfyuvf  vtwyb-

thvf  ,thnkjv 1854 o&  ukbwthbybc uf[eht,bs vfqfk-
vjktrekeh v;fdt,sfy&  
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OH
OH
OH

+
O

ROH3

CH2

CH

CH2 O

O

O C

O

R

C

O

R

C R
O

3 H2O+

cflfw R≥C15 
 

 
 cgbhnt,bc  fwbkbht,bc  htfmwbf  ufvjb.tyt,f fu-

htsdt hsekb fut,ekt,bc yfthst,bc fqyfuj,bc itcfc-
ofdkfl lf  vfsb  vybidytkjdfyb yfofhvt,bc  vbcfqt,fl&  
vfufkbsfl^  ukerjpbc  fwbkbht,bs vbbqt,f gtynffwt-
nbkukerjpf% 

 

CH2OH

H OH
OH H
H OH
H

HOH

O

CH3 C
O

O
CH3 C

O

+ 5

OAc

H OAc
AcO H

H OAc
H

HAcO

O

β-ukerjpf β-gtynffwtnbkukerjpf

Ac= C
O

CH3

 
 
 fyfkjubehfl vbvlbyfhtj,c [tkjdyehb ,jzrjc- 

fwtnfnehb  wtkekjpbc vbqt,f ofhvjt,fib& 
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n[C6H7O2(OH)3] +

O
CH3

O

O
CH3

C C O

CCC
OAc

H
H

H

H H

AcO

CH2
OAc

n

fwtnbkwtkekjpf

n

 
 
 
 
 
 

4&4& ATYJKT<BC FWBKBHT<F      
 atyjkt,bc eiefkj fwbkbht,f fh vbvlbyfhtj,c^  

hfw  ufvjodtekbf vfsb v;fdehb sdbct,t,bs lf itcf,fvbcfl 
itvwbht,ekb  yerktjabkehj,bs& vffwbkbht,tk futy-
nt,fl b.tyt,ty /fkjutyfy/blhblt,c lf fy/blhblt,c& 

OH

+
O

CH3 X

O

O

CH3

+ HX

 
cfhtfmwbj yfhtdbc ufvjcfdkbfyj,bc ufphlbc vbpybs 

evfnt,ty bcts yfthst,c ~nent^ cjlf^ gjnfib^ gbhblbyb`^ 
hjvkt,bw ,jzfdty  ufvj.jabk HX& ‘vfhv;fdffy/blhblbc 
ufvj.tyt,bcfc htfmwbfc fnfht,ty  ufwbdt,bc gbhj,t,ib& fv 
lhjc 'vfhv;fdffy/blhblb yfrkt,fl /blhjkbplt,f& 

 [ibhfl^ fhjvfnekb jmcbrtnjyt,bc  vbqt,fc  f[lt-
yty  fhf  eiefkj fwbkbht,bs^ fhfvtl atyjkt,bc hsekb 
tstht,bc uflf]ueat,bs AlCl3 -bc sfyfj,bcfc ~ahbcbc uflf-
]ueat,f`& 



 

61 

O

O

CH3

AlCl3

OH O

CH3

125°C  
 

hjujhw ptvjs b.j fqybiyekb^ atyjkt,bc fwb-
kbht,bc lhjc  [ibhfl vbvfhsfdty ae't  rfnfkbpc^  hfsf  
ufpfhljy  vffwbkbht,tkb  futynbc yerktjabkehj,f% 

 

+

OH NaOH

OH2

O
- Na

+

+ O
C

O
CH3

C
O

CH3

O
C

O
-

CH3

C
O

CH3

O

C
O

CH3

O O

CH3 O
-
Na

+

Na
+

 
 
atyjkt,bc yerktjabkehj,f fuhtsdt bphlt,f ,ty-

pjkbc ,bhsdib tktmnhjfmwtgnjhekb ]ueat,bc  it.df-
ybc  lhjc&  vfufkbsfl  cfkbwbkv;fdfc ehsbthsmvtlt,bs 
'vfhv;fdffy/blhblsfy lblb ufvjcfdkbs vbbqt,f  fwtnbk-
cfkbwbkv;fdf ~fcgbhbyb`% 

 

OH
COOH

+O
C

O
CH3

C
O

CH3

O
COOH

O

CH3+ C
O

OH
CH3
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4&5& FVBYT<BC FWBKBHT<F  
 fhjvfnekb  fvbyt,bc  fwbkbht,bc  lhjc itcf'-

kt,tkbf fwbkbc it.dfyf hjujhw fvbyj]ueaib ~N-fwb-
kbht,f`^ fctdt fhjvfnek ,bhsdib ~C-fwbkbht,f`& 

 
fvbyj]ueabc fwbkbht,f 

 fwbkbht,bc htfmwbf vbvlbyfhtj,c itvltub cmtvbs% 

NH
R

+
O

CH3 X

N

O

CH3
R

+ HX

X= OH, Cl, OAc
 

ghfmnbrekfl  fv  lhjc  bqt,ty  vjhtfubht  ybd-
sbtht,t,bc  tmdbvjkeh hfjltyj,fc& 

fvbyt,bc rfh,jyv;fdt,bs fwbkbht,bc lhjc  
ofhvjbmvyt,f  fvbysf vfhbkt,b^  hjvkt,bw  ufw[tkt,bs  
rfhufdty o.kbc vjktrekfc lf ufhlfbmvyt,bfy fvbyt,ib% 

NH2

+
O

R
OH

NH

O

R

+ OH2

NH3
+

O
-

O

R

 

 fvbyt,b fctdt rfhufl fwbkbhlt,f hsekb tstht,bs&  
se jhbdt rjvgjytynb cbs[tf  fwbkbht,bc htfmwbf vblbc 
ufv[cytkbc ufhtit^ [jkj se ths-thsb v.fhbf^ vfiby 
s[tdfl rjvgjytync bqt,ty  zfh,fl^ hjvtkbw fchekt,c 
ufv[cytkbcf lf htfutynbc hjkc& 
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lfothts fvbyjtsfybc fwbkbht,bc htfmwbf 'vfhv;fdf-
tsbkbc tsthbs& 

 
fybkbybc fwbkbht,bc htfmwbbc vfufkbspt 

ufydb[bkjs #mbvbehb lfwdbc@ htfmwbt,b& wyj,bkbf^ hjv 
fvbyj]ueab + hbubc xfvyfwdkt,tkbf lf fvfdt lhjc  [fcbfs-
lt,f  ae't  sdbct,bs fybkbybcfufy c[dflfc[df yfofhvt,bc 
vbqt,bc lhjc& cbystpbc  lfutuvdbc lhjc lblb vybidytkj,f 
fmdc fvbyj]ueabc fv jhb sdbct,bc ufsdfkbcobyt,fc&  

 vfufkbsfl^ dsmdfs fybkbyblfy cfzbhjf vbdbqjs 
j-ybnhjfybkbyb% 

NH2 NH2
N

+

O
-

O

 
 
 ybnhj]ueabc xfyfwdkt,f fhjvfnek ,bhsdib 

vbvlbyfhtj,c  fpjnv;fdbs^ vfuhfv vjwtvek vfufkbsib +  
cfat[ehpt vbvlbyfhtj,c vfhbkbc ofhvjmvyf& 

NH2

HNO3

NH3
+

NO3

atybkfvjybevbc
 ybnhfnb

 
 hjujhw  d[tlfds^  fv  itvs[dtdfib fvbyj]ueab 

ufhlfbmvyf fvjybevbc  bjyfl  lf  hfw  vsfdfhbf  +  hbubc  
xfvyfwdkt,tkb  NH2-ufhlfbmvyf ++ hbubc xfvyfwdkt,kfl^ 
hbc itltuflfw jhsj ofhvjt,ekbc yfwdkfl  ofhvjbmvyt,f  
vtnf bpjvthb&  fvbnjv^ cfzbhj ghjlemnbc vbcfqt,fl + 
cfat[ehpt f[ltyty fvbyj]ueabc mbvbeh lfwdfc& fwbkb-
ht,ekb fvbyj]ueab [fcbfslt,f gbhdtkb hbubc xfv-
yfwdkt,tkc^ hjvtkcfw ae’t sdbct,t,b fqfh uffxybf&  
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NH2 NH

O

CH3O

CH3 X+
 

 
 fv itvs[dtdfib N-fwbkbht,ekb xfvyfwdkt,kbc 

,eyt,f fh bwdkt,f lf  itcf,fvbcfl vtjht  xfvyfwdkt,tkb  
~NO2` xfyfwdklt,f lfutuvbk jhsj-vlt,fhtj,fib&  itvltu  
cfat[ehpt  rb  vbvlbyfhtj,c  fwbkbc  ]ueabc vjijht,f 
o.kbc^ v;fdfc fy nenbc vjmvtlt,bs^ hbc itltuflfw  
cf,jkjj ghjlemnib fqclut,f fvbyj]ueab& 

 

NH

O

CH3

NO2
OH2

NH2

NO2 +
O

CH3 OH
t

H
+

 
 
 
 vcufdcb vtmfybpvbs vbvlbyfhtj,c fhjvfnekb v;fdfc 

yfisbc  ~,typjbkb` it.dfyf fvbyj]ueaib ~ijnty - ,fevfybc 
,typjbkbht,bc htfmwbf`& 

 
 

NH2

+

O Cl

NH

O

+ ClH

 
 
 yfasbkfvbyt,bc fwbkbht,f vbvlbyfhtj,c vcufdcfl& 

lfothts α  lf β fvbyjyfasfkbybc fwbkbht,bc htfmwbf /f-
kjutyfy/blhblbs& 
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4&6& FWBKBHT<F <BHSDIB     
 fhjvfnekb ,bhsdb + hbubc  xfvyfwdkt,kbs^ 

fwbkbht,fc ufybwlbc eahj h,bk gbhj,t,ib^  dblht  
xfeyfwdkt,ekb ,bhsdb& 

 
Z

O

R X+
Z O

R

Z gbhdtkb hbubc xfvyfwdkt,tkb
 

 
 
 ++ hbubc xfvyfwdkt,tkb ~NO2, CN, COOH` sdbsjy  

fwbkbc  ]ueab R-C(O)- bodtdc fhjvfnekb ,bhsdbc ltpfm-
nbdfwbfc lf bc ,bhsdb  ghfmnbrekfl itvlujvib fwbkb-
ht,fc fqfh ufybwlbc& 

 

5& FKRBKBHT<BC HTFMWBT<B   

jhufyek yfthst,ib o.fk,flbc fnjvbc yfwdkfl 
fkrbkbc hflbrfkbc xfyfwdkt,fc fkrbkbht,bc htfmwbf 
tojlt,f& vjktrekfib xfyfwdkt,ekb o.fk,flbc fnjvbc 
vlt,fhtj,bc vb[tldbs fhxtdty C-^ N-  lf O- fkrbkbht,fc& 
fhtyt,bc^ fvbyt,bcf lf cgbhnt,bc fkrbkbht,bc htfmwbbc 
gbhj,t,b lf futynt,b ufyc[dfdlt,bfy thsvfytsbcfufy^ fv 
htfmwbt,c ufydb[bkfds wfk-wfkrt& 

 

5&1& FHTYT<BC FKRBKBHT<F  
~C-FKRBKBHT<F`    

 
 fhjvfnekb ,bhsdbc C-fkrbkbht,bc htfmwbf 

pjuflb cf[bs fct ufvjbcf[t,f%  
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+ XR

R

AlCl3 + HX

 
 tc htfmwbf gbhdtkfl xfnfht,ekb bmyf gfhbpbc 

eybdthcbntnib 1977 otkc x& ahbltkbcf lf l&rhfancbc 
vbth& 

vffkrbkbht,tk futynt,fl ~R-X` itb’kt,f 
ufvj.tyt,ekb bmyfc yf[ibho.fk,flt,bc /fkjutyofhvjt-
,ekt,b ~X= Cl, Br, I`* cgbhnt,b ~X=OH`* cekajv;fdt,bc 
tstht,b ~X= O-SO2-O-CH3`& ufhlf fvbcf^ fhjvfnekb 
,bhsdbc fkrbkbht,f itb’kt,f ufy[jhwbtkltc fkrtyt,bs% 

+ H
+

 
lflutybkbf^ hjv fhjvfnek ,bhsdib fkrbkbht,bc 

htfmwbf vbvlbyfhtj,c tktmnhjabkehb xfyfwdkt,bc vtmf-
ybpvbs& htfmwbf [jhwbtklt,f itvltub sfyvbvltdhj,bs% 

+R
CH2

Cl
Al Cl

Cl

Cl R CH2

Cl
+

Al
-

Cl

Cl

Cl

R CH2
+ AlCl4

 

rfh,rfnbjyb ofhvjflutyc tktmnhjabkeh futync^ 
hjvtkbw vbbqt,f /fkjutyfkrbkbc vjktrekbc gjkf-
hbpfwbbs lf itvlujv vbcufy /fkjutybc fnjvbc vj[ktxbs^ 
hjvtkcfw fy[jhwbtkt,ty fkevbybc mkjhblbs fy c[df 
hjvtkbvt kebcbc v;fdbs& 

fhjvfnek ,bhsdpt rfh,rfnbjybc ehsbths-

mvtlt,bs ytkf ofhvjbmvyt,f iefktlehb ghjlemnb σ-rjv-
gktmcb ~+ cnflbf`^ hjvkblfyfw AlCl4

--bc ehsbthsmvtlt,bs 
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cohfafl vjb[kbxt,f ghjnjyb lf fqclut,f fhjvfnekb 
cbcntvf ~++ cnflbf`& 

+ R CH2
+

CH
+

R

H

R

AlCl4 AlCl4
AlCl3

ClH

σ-rjvgktmcb

 

fkrbkehb hflbrfkbc fqyfuj,blfy ufvjvlbyfht 
~gbhdtkflb^ vtjhtekb^ vtcfvtekb` R-X ,vbc 
gjkfhbpfwbbc [fhbc[b itb’kt,f ufyc[dfdt,ekb b.jc& vfsb 
tktmnhjabkehb fmnbdj,f bphlt,f gbhdtkflblfy vtcf-
vtekbcfrty& vtcfvtekb /fkjutyofhvjt,ekbc itvs[dtdfib 
itb’kt,f flubkb /mjyltc chek lbcjwbfwbfc rfh,jybevbc 
bjybc ofhvjmvybs&  

lbgjkbc lflt,bsfl lfve[nekb ,jkj fy 
rfh,jybevbc bjyb fmnbehb tktmnhjabkehb futynbf^ hjv-
kbw ehsbthsmvtlt,c ,typjksfy fy vbc ofhvjt,eksfy^ 
hjvkt,bw ,bhsdib itbwfdty vffmnbdbht,tk xfvyfw-
dkt,kt,c* vfltpfmnbdbht,tkb xfvyfwdkt,kt,bc itvwdtkb 
fhjvfnekb yfthst,b ahbltk-rhfancbc htfmwbfib fh 
itlbfy& 

,typjkbc /fkjutyfkrbkbs fkrbkbht,bc vfuf-
kbsfl itb’kt,f ufydb[bkjs ,typjkbc ehsbthsmvtlt,f 
,hjvbfy tsbksfy fkevbybc mkjhblbc sfyfj,bcfc^ hjvkbc 
itltuflfw tsbk,typjkb vbbqt,f% 

+ CH3
CH2

Br

AlCl3
+ BrH

 
jhb fy vtnb /fkjutyfnjvbc itvwdtkb yf]thb 

yf[ibho.fk,flt,bc ufvj.tyt,bcfc rb htfmwbf itvltuyfbhfl 
vbvlbyfhtj,c% 
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+
Cl

Cl
Cl

Cl
AlCl3 Cl3 3+ ClH

 
 fv vtsjlbs js[b ,typjkbc ,bhsdbc thsb lf bvfdt 

yf[ibh,flfnjvsfy lfrfdibht,f fh [th[lt,f* js[mkj-
hbfyb yf[ibh,flbcf lf ,typjkbcfufy vbbqt,f nhbatybk-
mkjhvtsfyb%  

ahbltk-rhfancbc fkrbkbht,fc kf,jhfnjhbfib 
itpqelekb ufvj.tyt,f fmdc^ hflufy fv htfmwbbcfc vbbqt,f 
ghjlemnsf yfhtdb^ hfw ufvjodtekbf hfvjltybvt vbptpbs% 

1. fkrbkbht,bcfc ofhvjmvybkb fhjvfnekb yfthst,b 
eahj ‘kbthb yerktjabkt,b fhbfy^ dblht cfo.bcb 
yf[ibho.fk,flt,b^ fvbnjv ehsbthsmvtlt,ty ]th 
rbltd htfmwbfib itecdktk /fkjutyfkrbksfy 
eahj cohfafl^ dblht cfo.bcb yfthsb& htfmwbbc 
itltufl ofhvjbmvyt,f fkrbkbht,bc vjyj-^ lb- lf 
gjkbghjlemnt,bc yfhtdb& ,typjkbc vjyj-
fkrbkbht,bc ghjlemnt,bc vbcfqt,fl cfzbhj 
[lt,f yf[ibho.fk,flbc lblb cbzfh,bs ufvj.tyt,f& 

2. fkrbkbht,bc htfmwbf itmwtdflbf& fmtlfy 
ufvjvlbyfht^ bub welfl tvjhxbkt,f jhbtynfwbbc 
otcc& lf,fk ntvgthfnehfpt .jdtksdbc vbbqt,f 
.dtkf itcf’kj bpjvthbc yfhtdb^ vfqfk ntvgthf-
nehfpt egbhfntcfl vbbqt,f sthvjlbyfvbrehfl 
eahj vluhflb ghjlemnb xfvyfwdkt,kt,bs vtnf-  
vlt,fhtj,fib& itmwtdflj,bc c[df itltubf fhjvf-
nekb yf[ibho.fk,flt,bc fldbkfl vbvlbyfht 
ltpfkrbkbht,f^ fctdt ]dfhtlbyb fkrbkbht,f^ 
hjvkbc vfufkbsbf ,typjkbcf lf mcbkjkt,bc 
yfhtdbc ofhvjmvyf njkejkbc ufw[tkt,bs AlCl3- 
bc sfyfj,bcfc% 
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CH3

AlCl3

CH3
CH3

CH3

CH3

CH3

CH3

+ + +

 
 

3. hfvltyflfw fkrbkbht,bc htfmwbfib iefktlehfl 
ofhvjbmvyt,f rfh,tybjyt,b ~fy vfsb rjvgktmct,b 
rfnfkbpfnjhsfy`^ flubkb fmdc gbhdtkflb 
rfh,tybjyt,bc bpjvthbpfwbfc vtjhtek lf vtcf-
vtek rfh,jrfnbjyt,fl& vfufkbsfl% 

 

+

CH3 Cl + Al Cl
Cl

Cl
CH3 Cl

+Al
- Cl

Cl

Cl

CH3 Cl
+Al

- Cl

Cl

Cl

CH3
CH2

+

Cl
Al

- Cl

Cl

Cl

CH3 CH
+

CH3
CH3

CH2
+

CH3

+
AlCl3

CH3

CH3CH3

CH3

CH3

H
+

-

 
 
fmtlfy ufvjvlbyfhtj,c^ hjv gbhlfgbhb fkrbkbht-

,bc htfmwbbs fh [th[lt,f fy ‘ytkfl vbbqt,f fkrbk,typj-
kt,b cojh[fpj,hbdb udthlbsb ]fzdbs& fct vfufkbsfl^ 
,typjkbc fkrbkbht,bcfc mkjhbfyb ghjgbkbs vbbqt,f 
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bpjghjgbk,typjkb^ [jkj mkjhbfyb bpj,enbkbs rb -
vtcfvtekb- ,enbk,typjkb& 

fhjvfnekb yfthst,bc cgbhnt,bsf lf jktabyt,bs 
fkrbkbht,bcfc rfnfkbpfnjhbc cf[bs ufvjb.tyt,f vbythf-
kehb v;fdt,b% HCl, H2SO4, H3PO4& v;fdt,bc vjmvtlt,bs 
ofhvjbmvyt,f rfh,tybjyb^ hjvtkbw itvltu ehsbthsmvt-
lt,c fhjvfnek yfthst,sfy%  

R
CH2

OH

+

H
++ R

CH2
O

+

H

H

R
CH2

O
+

H

H R
CH2

+

O

H

H

 
 
  

5&2& FVBYT<BC FKRBKBHT<F   
~N-FKRBKBHT<F` 

 
 fvbfrbc ehsbthsmvtlt,bs yf[ibho.fk,flt,bc 

/fkjutyofhvjt,ekt,sfy vbbqt,f fvbyb& fv lhjc .jdtk-
sdbc vbbqt,f vjyj-  lf gjkbfkrbkbht,bc ghjlemnsf 
yfhtdb^ hflufy erdt xfyfwdkt,ekb fkrbkbc ]ueab 
f’kbtht,c fvbybc yerktjabkehj,fc fvbfrsfy itlfht,bs^ 
lf fvbyb^ ofhvfnt,bs eotdc rjyrehtywbfc fvbfrc /fkj-
utyfkrbksfy htfmwbfib& fvbnjv bylbdblefkehb vjyj- lf 
lbfkrbkfvbyt,bc vbcfqt,fl kf,jhfnjhbfib ufvjb.tyt,f 
itvjdkbsb vtsjlt,b& 

gbhdtkflb lf vtjhtekb fvbyt,bc fkrbkbht,bs 
vbbqt,f vtcfvtekb fvbyb rfhub ufvjcfdkbfyj,bs itvltub 
cmtvbs%  
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R NH2

R NH

R

+

+

R1 Cl

R1 Cl

R

NH R1

R N

R

R1

 
 [jkj /fkjutyfkrbkbc vtcfvtek fvbysfy ehsb-

thsmvtlt,bs vbbqt,f vtjs[tekb fvjybevbc vfhbkb&  

+R N

R

R1

R1 Cl
R

N
+

R

R1

R1

Cl
-

 
fvbyjyfthsbc fkrbkbht,f vbbqotdf fuhtsdt #uflf-

fvbybht,bc@  ~vbvjwdkf` htfmwbbs& fv vtsjlbc fhcb vluj-
vfhtj,c thsb ae’bc vtjhtsb ufvj’tdt,fib& vfu& vtsbk-
ifhljdfyfc bqt,ty vfhbkv;fdfvtsbkfvbybc htfubht,bs 
ifhljdfyfcsfy& ojyfcojhj,bc vfh]dybd uflfyfwdkt,fc 
[tkc eo.j,c ifhljdfyfc zfh,b hfjltyj,bs ufvj.tyt,f% 

 

+CH3 NH2 ClH
O

NH2NH2

O

NHNH2
CH3

 
 

5&3& CGBHNT<BC FKRBKBHT<F   
~O-FKRBKBHT<F` 

 
 vfhnbdb tstht,b itb’kt,f vbdbqjs fkrj/j-

kfnt,bcf lf atyjkfnt,bc /fkjutyfkrbkbs fkrbkbht-
,bcfc%  
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R O
- + R1 Cl R O

R1

O
-
Na

+

Na
+

R1 Cl

O
R1

+

NaCl

NaCl

+

+
 

vfufkbsfl% atybktsbktsthb ~atytnjkb` vbbqt,f 
yfnhbevbc atyjkfnbc tsbk,hjvblsfy ehsbthsmvtlt,bs 
~dbkbfvcjybc htfmwbf`& 

O
-
Na

+

Cl
CH3

O

CH3

+ NaCl+
 

lblb vybidytkj,f fmdc cgbhnt,bc fkrbkbht,fc& vfu& 
lbtsbktsthb vbbqt,f tsbkbc cgbhnbcf lf rjyw& 

ujubhlv;fdfc yfhtdbc ufw[tkt,bs 140 °C-vlt& htfmwbbc 
gbhdtk cnflbfpt ofhvjbmvyt,f ujubhlv;fdf tsbkbc 
tsthb^ hjvtkbw ehsbthsmvtlt,c cgbhnbc vtjht vjktre-
kfcsfy lbtsbktsthbc ofhvjmvybs% 

OH
CH3

+

+

OH
CH3

H2SO4
CH3 O CH3 OH2

O
CH3

H
S O
O

OH
OH

+

CH3
S O
O

OH
O OH2

CH3
S O
O

OH
O OH

CH3

+

CH3 O CH3

+

S O
O

OH
OH

+

 
sfyfehb ghjlemnbc cf[bs vbbqt,f tsbktyb% 
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OH2+
OH

CH3

H2SO4
CH2 CH2

 
 
   bpjfvbkbc cgbhnbc vjktrekfsfijhbcb lt/blhf-

nfwbbs ujubhlv;fdfc sfyfj,bcfc vbbqt,f lbbpjfvbktst-
hb% 

OH
CH3

CH3

OH

CH3

CH3
H2SO4

OH2
+ +

CH3

CH3

O

CH3

CH3

 

hjujhw obyf itvs[dtdfib^ htfmwbbc sfyfehb 
ghjlemnbf itcf,fvbcb fkrtyb&  

vfhnbdb tstht,bc cbystpbc fqothbkb vtsjlb fh 
ufvjlut,f vfqfkvjktrekehb cgbhnt,bc ufvj.tyt,bcfc^ 
hflufyfw fv cgbhnt,bc lt/blhfnfwbbcfc ‘bhbsflfl fkrtyb 
vbbqt,f& 

 
 
 
 
 

6& YBNHBHT<BC HTFMWBT<B 

  jhufyekb yfthsbc vjktrekfib ybnhj]ueabc 
~NO2` it.dfyfc^ hjvtkcfw sfy f[kfdc C-N ,vbc ofhvjmvyf 
ybnhbht,f tojlt,f& 

ybnhj]ueabc it.dfyf vjktrekfib [lt,f vbcb 
xfyfwdkt,bs o.fk,flbc fnjvbc yfwdkfl^ fv ]ueabc 
vbthst,bs e]th C=C ,vfcsfy fy hjvtkbvt aeymwbehb 
]ueabc ~/fkjutyb^ cekaj]ueab` ybnhj]ueabs 
xfyfwdkt,bs&  

ybnhj]ueabs o.fk,flbc fnjvbc eiefkj xfyfw-
dkt,f [jhwbtklt,f vfybnhbht,tkb futynt,bc cfief-
kt,bs& vfybnhbht,tk futynt,fl ufvjb.tyt,f% 
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1.  c[dflfc[df rjywtynhfwbbc fpjnv;fdf* 
2. rjywtynhbht,ekb fpjnv;fdfcf lf ujubhlv;fdfc 

yfhtdb* 
3. nentvtnfksf ybnhfnt,b ujubhv;fdfc sfyfj,bs* 
4. vtnfksf ybnhfnt,b vfhbkv;fdfc fy ‘vfhv;fdf 

fy/blhblbc sfyfj,bcfc* 
5. fpjnv;fdfc tstht,b ~jhufyekb ybnhfnt,b`* 
6. fpjnbc ;fyutekt,b& 
ybnhjyfthst,b ofhvjflutyty o.fkib e[cyfl 

s[tdfl fy v.fh^ .dbstkb athbc ybdsbtht,t,c& fhjvfnekb 
ybnhjyfthst,b ytbnhfkehb ,eyt,bcfyb fhbfy^ se 
vjktrekfib fh fhbc c[df xfvyfwdkt,tkb^ hjvtksfw 
ite’kbf yfthsc vbfybzjy ae’t fy v;fdf sdbct,f&  

 
 

6&1& FKBAFNEHB YF{IBHO>FK<FLT<BC 
YBNHBHT<F   

 
 fkbafnehb yf[ibho.fk,flt,bc ybnhbht,f pjuflb 

cf[bs^ itb’kt,f fct ufvjdcf[js% 

R-H + HONO2 → R-NO2 + H2O 
fkrfyybnhjyfthst,b vbbqt,f s[tdflafpehb 

~rjyjdfkjdb` lf fbhafpehb ~/tcb` ybnhbht,bs& 
 gfhfabyt,b rjywtynhbht,ekb fpjnv;fdfc fy 

fpjnv;fdf - ujubhlv;fdfc yfhtdbc vjmvtlt,bs b;fyut,bfy& 
bcbyb ufybwlbfy ybnhbht,fc v[jkjl ufypfdt,ekb  ~12% 
fpjnv;fdbs ufw[tkt,bcfc&s[tdflafpehb ybnhbht,bc 
htfmwbfib itlbc .dtkf yf[ibho.fk,flb sevwf htfmwbbc 
cbxmfht lf ybnhjyfthst,bc ufvjcfdkbfyj,f lf,fkbf& 
cfertstcj itltut,bf vbqt,ekb vtcfvtekb yf[ibh-
,flfnjvbc itvwdtkb gfhfabyt,bc itvs[dtdfib& htfmwbfc 
sfy cltdc gjkbybnhjyfthst,bc ofhvjmvyf lf ;fyudbsb 
ghjwtct,b&  
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CH3
CH3 + N

+
O

O
-

OH
CH3

CH3

N
+

O
-

O
+ OH2

12 cs

20-40°
 

fbhafpehb ybnhbht,f ~/tcb` vbvlbyfhtj,c fpjn-

v;fdfc jhsmkbs 250-400 °C ntvgthfnehfpt& ntvgthf-
nehbc ithxtdf lfvjrblt,ekbf yf[ibho.fk,flbc ]fzdbc 
cbuh’tcf lf fqyfuj,fpt& uh’tk]fzdbfyb lf ufyinjt,ekb 
yf[ibho.fk,flt,b ybnhbhlt,f lf,fk ntvgthfnehfpt& 
htfmwbfc sfy cltdc yf[ibho.fk,flt,bc rhtrbyub^ hbc 
itltuflfw vbbqt,f .dtkf itcf’kj ybnhjyfthsb&   

2-vtsbk,enfybc ybnhbht,bc vfufkbspt lfothts .dtkf 
itcf’kj ofhvjmvybkb ybnhjyfthsb lf lffcf[tkts& 

 
gfhfafpehb ybnhbht,bcfc gjkbybnhjyfthst,b fh 

vbbqt,f& 
ybnhbht,bc htfmwbfpt b[fh]t,f fpjnv;fdfc v[j-

kjl 80)^ lfyfhxtyb vjmvtlt,c hjujhw v;fyufdb& fvbnjv 
ybnhjyfthst,sfy thsfl fv ghjwtcib vbbqt,f ;fyu,fl-
itvwdtkb yfthst,b% cgbhnt,b^ fklt/blt,b lf rtnjyt,b^ 
v;fdt,b& 

gfhfabyt,bc ybnhbht,f hflbrfkehb ghjwtcbf& 
vfybnhbht,tk futync ~bybwbfnjhc` ofhvjflutyc fpjnbc 

lbjmcblbc hflbrfkb ~NO2⋅`^ hjvtkbw ofhvjbmvyt,f 
fpjnjdfyb v;fdfc vjyfobktj,bs^ hjvtkbw .jdtksdbc 
fhct,j,c ufypfdt,ek fpjnv;fdfib% 

HNO3 + HNO2 → N2O4 + H2O 
N2O4 → 2 ⋅NO2 

ofhvjmvybkb hflbrfkb ⋅NO2 ehsbthsmvtlt,c yf[-
ibho.fk,flsfy sfdbceafkb hflbrfkt,bc ofhvjmvybs^ 
hjvkt,bw fpjnbc lbjmcblsfy ehsbthsmvtlt,bs b’ktdbfy 
ybnhjyfthst,c fy fpjnjdfyb v;fdfc hsek tstht,c% 

 

R-H + ⋅NO2 → R⋅ + HNO2 
R⋅ + ⋅NO2 → R-NO2 fy R-O-NO 
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 fkbafnehb ybnhjyfthst,b fhct,j,ty jh nfenj-
vthek ajhvfib% 

 

CH2 N
+

O
-

O

CH3

CH N
+

O
-

OH

CH3

ytbnhfkehb ajhvf fwb ~v;fdehb` ajhvf
 

   
 gbhdtkflb lf vtjhtekb ybnhjyfthst,b ofhvjfl-

utyty actdljv;dt,c^ hjvkt,bw vjmvtlt,ty nentt,sfy vf-
hbkbc ofhvjmvybs& 

CH3

CH2
N

+

O
-

O
NaOH

Na
+

OH2
+

CH3

CH N
+

O
-

OH

CH3

CH N
+

O
-

O
-

 
  

6&2& FHJVFNEKB YBNHJYFTHST<B    
 
 fhjvfnekb yfthst,bc ybnhbht,bcfsdbc ufvjb-

.tyt,f rjywtynhbht,ekb fpjnv;fdfcf lf ujubhlv;fdfc 
~1%2` vfybnhbht,tkb yfhtdb& ybnhbht,bc htfmwbfib 
eiefkjl vjyfobktj,c tktmnhjabkehb htfutynb 
ybnhjybevbc rfnbjyb 

N
+

O

O
-

OH+ S

O

O

OH OH N
+

O

O

+OH3
+

S

O

O

O
-

OH+2 2

 

,typjkbc ybnhbht,f vbvlbyfhtj,c 80 °C-pt fpjn-
v;fdfcf lf ujubhlv;fdfc yfhtdbc vjmvtlt,bs& ntvgthfne-
hbc ufphlbcfc ofhvjbmvyt,f v-lbybnhj,typjkbw^ hjvt-
kbw atsmt,flbf& fvbnjv ybnhj,typjkbc ufceasfdt,bcfc 
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fh itb’kt,f vbcb ,jkjvlt ufvj[lf^ hflufyfw sbsmvbc 
.jdtksdbc itbwfdc v-lbybnhj,typjkc&  

,typjkbcf lf pjuflfl fhjvfnekb yfthst,bc 
ybnhbht,f ofhvjflutyc nbgbehb tktmnhjabkehb 
xfyfwdkt,bc ghjwtcc lf bjyehb [fcbfsb fmdc& 

vfybnhbht,tkb yfhtdblfy ofhvjmvybkb tktmnhj-
abkehb yfobkfrb ybnhjybevbc rfnbjyb NO2

+ ehsbths-
mvtlt,c fhjvfnekb ,bhsdbc tktmnhjyek qhe,tksfy lf 

ofhvjmvybc t&o& π-rjvgktmcc^ hjvtkibw NO2 ]th rbltd fh 
fhbc lfrfdibht,ekb yfvldbkb mbvbehb ,vbs ,bhsdbc 
yf[ibh,flfnjvsfy fnjvsfy^ bub vbbpblt,f tmdcb 
tktmnhjybc vskbfyb efh.jabsb ve[nbs& 

+ N
+

O

O
N

+

O

O

π−rjvgktmcb
 

itvlujvib π-rjvgktmcb ufhlfbmvyt,f t&o& σ-rjv-
gktmcfl^ hjvtkibw tktmnhjabkeh yfobkfrcf lf 
,bhsdbc ths-ths yf[ibh,flfnjvc ijhbc v.fhlt,f 
rjdfktynehb ,vf ljyjhek-fmwtgnjhekb vtmfybpvbs& tc 
[lt,f bv tktmnhjyekb o.dbkbc [fh]pt^ hjvtkbw 
itlbjlf fhjvfnekb tmdctekbc itvflutykj,fib& rtrektc 
ajhvekbs cfhut,kj,bcfc tc itb’kt,f ufvjdcf[js ,bh-
sdblfy thsb jhvfub ,vbc vjijht,bs lf NO2 -bc vbthst,bc 
flubkbc vtpj,tk yf[ibh,flfnjvpt lflt,bsb ve[nbc 
fqybidybs^ hfw chekbfl gbhj,bsbf& cojhb bmyt,f se 
dbn.dbs^ hjv ,bhsdb vskbfyflff lfve[nekb lflt,bsfl% 

 

N
+

O

O
-

CH
+ H

σ−rjvgktmcb

N
+

O

O

π−rjvgktmcb
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σ-rjvgktmcbc ofhvjmvyf [lt,f ‘fkbfy ytkf^ 
tythubbc lblb lfyf[fh]bs^ dbyfblfy bhqdtdf fhjvfnekb 

π-ctmcntnb& itvlujvib fhjvfnekb cbcntvbc fqlutyf 
[lt,f ghjnjybc vj[ktxbs% 

+

σ−rjvgktmcb

N
+

O

O
-

CH
+ H

N
+

O

O
-

H
+

ybnhj,typjkb
 

ybnhbht,bc htfmwbf itmwtdflb ghjwtcbf& lflfcne-
ht,ekbf^ hjv ytk cnflbfc ofhvjflutyc iefktlehb 
rjvgktmcbc ofhvjmvyf^ vbcb lfikf rb vbvlbyfhtj,c tkdbct-
,ehb cbcojfabs& fvbnjv ghjwtcbc cbxmfht ufybcfpqdht,f 
ytkb cnflbbs& 

ybnhbht,f evhfdktc itvs[dtdfib /tnthjutyekb 
ghjwtcbf& lflutybkbf^ hjv htfmwbf vbvlbyfhtj,c v[jkjl 
v;fdeh atyfib& htfmwbbc cbxmfht lfvjrblt,ekbf v;fdehb 
atybc itlutybkj,fcf lf ntvgthfnehfpt& 

ybnhj,typjkb^ hjvtkbw itbwfdc vfltpfmnbdb-
ht,tk NO2 ]ueac^ ybnhbhlt,f fpjnv;fdf - ujubhlv;fdfc 

yfhtdbs 70 -80 °C-pt lf vbbqt,f v-lbybnhj,typjkb% 

OH2

NO2

+ HNO3

H2SO4

NO2

NO2

+
 

 vtcfvt ybnhj]ueabc it.dfyf ,bhsdib ‘fkbfy hse-
kbf& htfmwbbc ofhvfhsdfc tcfzbhjt,f v,jkfdb fpjnv;f-
dfcf lf jktevbc ufvj.tyt,f^ vfuhfv  htfmwbf vbvlbyfhtj,c 
vwbht ufvjcfdkbfyj,bs& 1^3^5-nhbybnhj,typjkbc cbyst-
pbc ertstc ghtgfhfnbek vtsjlc ofhvjflutyc ybnhbht,f 
ybnhjybevbc ntnhfasjh,jhfnbc ufvj.tyt,bs& fv 
erfyfcrytk itvs[dtdfib itlfht,bs vfhnbdbf htfmwbbc 
gbhj,t,b lf ufvjcfkbfyj,fw vybidytkjdyfl lblbf& 
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+ +3 [NO
+
]BF4

NO2

NO2O2N
3 HBF4

 
,typjkbc /jvjkjut,b ybnhbhlt,f eahj fldbkfl 

dblht ,typjkb^ hfw ufvjodtekbf fkrbkehb ]ueat,bc 
vffmnbdbht,tkb ufdktybs& 

njkejkbc ybnhbht,bs 20-30 °C-pt fpjnv;fdf- 
ujubhlv;fdfc yfhtdbs vbbqt,f ybnhjnjkejkt,bc yfhtdb% 

OH2

CH3

+ HNO3

H2SO4

CH3

NO2

CH3
NO2

+
-

20-30°
38)

g-ybnhj-
njkejkb

58)
j-ybnhj-
njkejkb

+

CH3

NO2

4)
v-ybnhj-

njkejkb
 

 lbybnhjnjkejkt,b vbbqt,f vjyjybnhjnjkej-

kt,bc ybnhbht,bs 60 -80 °C%  

HNO3

H2SO4

CH3

NO2

NO2

CH3
NO2

OH2-

60-80°

CH3
NO2O2N

++

 
 
 v,jkfdb fpjnv;fdfcf lf rjywtynhbht,ekb ujubh-

lv;fdfc vjmvtlt,bcfc 110 °C-pt jhbdt lbybnhjnjkejkb 
ofhvjmvybc 2^4^6-nhbybnhjnjkejkc% 
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HNO3

H2SO4

CH3

NO2

NO2

CH3
NO2

NO2

O2N

OH2-

60-80°CH3
NO2O2N

+

 
 

fkrbkehb ]ueat,bc hfjltyj,bc ufphlf ,bhsdib 
ffldbkt,c ybnhbht,bc ghjwtcc& mcbkjkt,b eahj 
fldbkfl bybnht,f^ dblht njkejkb& 

yfasfkbyb ybnhbhlt,f eahj fldbkfl^ dblht 
,typjkb& vfybnhbht,tkb yfhtdbc fy v[jkjl fpjnv;fdfc 
vjmvtlt,bs jsf[bc ntvgthfnehfpt vbbqt,f 1-ybnhjyfa-
sfkbyb% 

+ HNO3
H2SO4

NO2

OH2+
 

yfasfkbybc ~fy 1-ybnhjyfasfkbybc` ybnhbht,bs 

80 °С-pt vbbqt,f 1^5- lf 1^8-lbybnhjyfasfkbyt,b% 

+HNO3
H2SO4

NO2NO2

OH2+80°

NO2

NO2

+
 

 
2-ybnhjyfasfkbybc vbcfqt,fl ]th f[ltyty yfa-

sfkbybc cekabht,fc 160 °С-pt^ [jkj itvltu vbc ybnhb-
ht,fc ~wyj,bkbf^ hjv cekaj]ueab rfhub ofvcdktkb 
]ueabf`^ itvltub cmtvbs% 



 

81 

 

+

HNO3

H2S2O7

H2SO4

SO3H160°

SO3H NO2

+ OH2

 
 fyshfwtyb bybnht,f rbltd eahj fldbkfl^ dblht 

yfasfkbyb& ybnhbht,bcfsdbc ufvjb.tyt,f fpjnv;fdf-
’vfhv;fdfc yfhtdb& xfyfwdkt,f [lt,f vt-9 vlt,fhtj,fib% 

+ HNO3

CH3COOH

NO2

OH2  
 
atyjkb itbwfdc /blhjmcbkbc ]ueac^ hjvtkbw 

‘fkpt ffmnbeht,c ,typjkbc ,bhsdc& fvbnjv atyjkt,bc 
ybnhbht,f ‘fkbfy h,bk gbhj,t,ibf itcf’kt,tkb& atyjkb 
jsf[bc ntvgthfnehfpt ehsbthsmvtlt,c 20)-bfy fpjn-
v;fdfcsfy lf ofhvjmvybc j- lf g-ybnhjatyjkt,bc yfhtdc&  

+ HNO3
H2SO4

+

OH

20-25°

OH
NO2

OH

NO2

OH2+

 
g-ybnhjatyjkbc vbqt,f itcf’kt,tkbf fuhtsdt 

g-ybnhjpjatyjkbc lf;fyudbs& hfw itt[t,f sdbs 
g-ybnhjpjatyjkc^ bub vfhnbd gbhj,t,ib vbbqt,f at-

yjkpt fpjnjdfyb v;fdfc* vjmvtlt,bs 0-5 °C-pt& 

                                                 
* fpjnjdfyb v;fdf vbbqt,f eiefkjl cfhtfmwbj vfcfib 

yfnhbevbc ybnhbnpt ujubhlv;fdfc vjmvtlt,bs& 
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OH

NO

OH

NO2

+

OH

OH

NO

[O]

NaNO2
H2SO4

NaHSO4 OH2

0-5°
+ +

 
fybkbybc eiefkj ybnhbht,bs j-  lf g-ybnhjfyb-

kbyt,bc vbqt,f fh [lt,f& fhjvfnekb fvbyt,b fcts 
gbhjt,t,ib b;fyut,bfy& bvbcfsdbc^ hjv ybnhj]ueab 
itdb.dfyjs j- lf g-vlt,fhtj,fib^ cfzbhjf fvbyj]ueabc 
#mbvbehb lfwdf@^ hfw fwbkbht,bc htfmwbbs [jhwbtklt,f%   

NH2 O
CH3

O

O
CH3

NH

O

CH3

+
fwtnfybkblb

+ CH3 C
O

OH

 
 

fwtnfybkblbc ybnhbht,bs 2-3 °C ntvgthfnehfpt 
vbbqt,f j-  lf g-ybnhjfwtnfybkblt,b% 
 

NH

O

CH3

HNO3
H2SO4

NH

O

CH3

NO2

+

NH

O

CH3
NO2

+
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vbqt,ekb yfthst,bc /blhjkbpbs nent fy v;fdf 
ufhtvjib vbbqt,f j-  lf g- ybnhjfybkbyt,b% 

 

+

NH

O

CH3

NO2

OH2
H

+
NH2

NO2

+
O

CH3
OH

+

NH

O

CH3
NO2

OH2
H

+
NH2

NO2

+
O

CH3
OH 

,typjv;fdfc ybnhbht,f vbvlbyfhtj,c itlfht,bs 
vrfwh gbhj,t,ib^ hflufy rfh,jmcbkbc ]ueab fgfcbeht,c 
,bhsdc& fv lhjc vfybnhbht,tk futynfl ufvjb.tyt,f 
rfkbevbc ybnhfnb lf rjyw& ujubhlv;fdf ~t&b& fpjnv;fdf 
ofhvjbmvyt,f eiefkjl cfhtfmwbj fhtib` ybnhj]ueab 
xfyfwdklt,f vtnf- vlt,fhtj,fib% 

 

+

COOH

H2SO4

COOH

NO2

KNO3 + KHSO4 + OH2

 
 fhjvfnekb /fkjutyofhvjt,ekt,bc ybnhbht,f 

[jhwbtklt,f eahj vrfwh gbhj,t,ib^ dblht ,typjkbcf^ 
hfw ufvjodtekbf /fkjutybc vfltpfmnbdbht,tkb 
ufdktybs^ sevwf /fkjutyb ybnhj]ueac jhsj-  lf gfhf-
vlt,fhtj,fib fupfdybc& ,hjv,typjkpt v,jkfdb fpjnv;f-
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dfcf lf rjyw& ujubhlv;fdfc ehsbthsmvtlt,bs vbbqt,f j- 
lf g-ybnhj,typjkb 

+

Br

H2SO4

Br

NO2

HNO3

Br
NO2

+
OH2

 
fhjvfnekb /fkjutyofhvjt,ekbc vjktrekfib 

jhb ybnhj]ueabc itcf.dfyfl cfzbhjf vrfwhb gbhj,t,b& 
mkjh,typjkbc ybnhbht,bcfc fpjnv;fdfsb  lf jktevbs 

90 °C-pt vbbqt,f 1-mkjh-2^4-lbybnhj,typjkb% 

+

Cl

H2S2O7

Cl

NO2

NO2
HNO3

90°
+ OH22 2

 
 
[esotdhbfyb /tnthjwbrkehb yfthst,bc - aehfybc^ 

sbjatybcf lf gbhjkbc ybnhbht,f [lt,f fpjnv;fdfcf lf 

‘vfhfy/blhblbc yfhtdbs ~fwtnbkybnhfnb` 10 °C ntvgthf-

nehfpt& itcf,fvbcfl vbbqt,f α-ybnhjyfthst,b% 
 

O
CH3

O

O
CH3

+ HNO3

O
CH3

O

N
+

O
-

O

O
CH3

OH
+

X
+

O
CH3

ONO2
X N

+

O
-

O +
O

CH3
OH

cflfw% X=O,NH,S  
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 tmdcotdhbfyb /tnthjwbrkehb yfthsbc-gbhblbybc 
ybnhbht,f vbvlbyfhtj,c eahj vrfwh gbhj,t,ib& vj-
htfubht rjvgjytynsf [cyfht,c fvpflt,ty itvltuyfbhfl% 
rfkbevbc ybnhfnc [cybfy fpjnv;fdfib^ [jkj gbhblbyc 
100)-bfy ujubhlv;fdfib& vfsb ehsbthsmvtlt,bs hrbybc 

rfnfkbpfnjhbc sfyfj,bcfc 300 °C-pt vbbqt,f 3-ybnhj-

gbhblbyb^ [jkj 370 °C-pt 2-ybnhjgbhblbyb& 
 

+

HNO3
N N

NO2300°+

HNO3
N N NO2

370°

Fe
2+

 
 byljkbc ybnhbht,f [lt,f h,bk gbhj,t,ib 

tsbkybnhfnbs yfnhbevbc tsbkfnbc sfyfj,bcfc tsthbc 
fhtib& vbbqt,f 3-ybnhjbyljkb% 

   

N
H

+ CH2CH3 ONO2

N
H

NO2C2H5ONa

tsthb
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CFHXTDB 

1& /fkjutybht,f 3 
1&1& fwbrkehb yfthst,bc /fkjutybht,f 5 
1&1&1& fkrfyt,bc /fkjutybht,f 5 
1&2& fklt/blt,bcf lf rtnjyt,bc^ v;fdt,bc^ tstht,bc 
gbhlfgbhb /fkjutybht,f 7 
1&3& /fkjutybc vbthst,f π ,vfcsfy 9 
1&4& /fkjutyo.fk,flbc vbthst,f e]th ,vfcsfy 12 
1&5& fhjvfnekb yf[ibho>fk,flt,bc /fkjutybht,f 16 
1&6& aeymwbehb ]ueat,bs xfyfwdkt,ekb  fhjvfnekb 
,bhsdbc /fkjutybht,f 19 
2& lbfpjnbht,bc htfmwbf 22 
2&1& fhjvfnekb lbfpjythst,b 22 
2&2& lbfpjybevyfthst,bc htfmwbt,b 30 
2&2&1& lbfpj]ueabc xfyfwdkt,f /blhjmcbkbs 31 
2&2&2& lbfpj]ueabc xfyfwdkt,f o.fk,flbs 32 
2&2&3& lbfpj]ueabc xfyfwdkt,f /fkjutyt,bs ~pflvtbthbc 
htfmwbf`  33 
2&2&4& lbfpj]ueabc xfyfwdkt,f wbfy]ueabs 35 
2&2&5& lbfpj]ueabc xfyfwdkt,f vthrfgnj]ueabs 36 
2&2&6& fhjvfnekb fpjnofhvjt,ekt,bc vbqt,f 36 
2&3& ghfmnbrekb vbsbst,fyb fpjcfqt,ht,bc 
cbystpbcfsdbc 39 
3& uhbybfhbc htfmwbt,b 41 
3&1& yf[ibho.fk,flt,bc cbystpb 43 
3&2& cgbhnt,bc cbystpb 44 
3&2&1& fklt/blt,bcf lf rtnjyt,bc cbystpb 46 
3&2&2& rfh,jyv;fdt,bc cbystpb 47 
4& fwbkbht,bc  htfmwbt,b 48 
4&1& fhjvfnekb yfthst,bc fwbkbht,f   ~ahbltk-
rhfancbc htfmwbt,b` 50 
4&2& /blhjmcbkbc ]ueabc fwbkbht,f 53 
4&3& cgbhnt,bc fwbkbht,f    ~tsthbabrfwbbc htfmwbf` 54 
4&4& atyjkt,bc fwbkbht,f 60 
4&5& fvbyt,bc fwbkbht,f 62 
4&6& fwbkbht,f ,bhsdib 65 
5& fkrbkbht,bc htfmwbt,b 65 
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5&1& fhtyt,bc fkrbkbht,f  ~C-fkrbkbht,f` 65 
5&2& fvbyt,bc fkrbkbht,f   ~N-fkrbkbht,f` 70 
5&3& cgbhnt,bc fkrbkbht,f   ~O-fkrbkbht,f` 71 
6& ybnhbht,bc htfmwbt,b 73 
6&1& fkbafnehb yf[ibho.fk,flt,bc ybnhbht,f 74 
6&2& fhjvfnekb ybnhjyfthst,b 76 
  
 



 

 

rjvgbenthekb epheydtk.jaf t& tkbp,fhfidbkbc 
 

 
 
 
uflftwf ofhvjt,fc 28&05&2005& [tkvjothbkbf lfcf,tzlfl  07&06&2005& 

mfqfklbc pjvf 60×84 1$16& gbhj,bsb yf,tzlb sf,f[b 5&75& cffqhbw[dj-
cfufvjvwtvkj sf,f[b 4& nbhf;b 100 tup& itrdtsf = 
 
 

 
 
 
 
 
 

 

B<TZLT<F FDNJHSF VBTH 

OFHVJLUTYBKB CF{BS 

ufvjvwtvkj,f #ntmybrehb eybdthcbntnb@^ s,bkbcb^ 
rjcnfdf 77 


