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OBYFCBN>DFJ<F 

jhufyekb cbystpbc^ hjvkbc vbqotdt,bs cfhut,-
kj,c vhtodtkj,bc ghfmnbrekfl .dtkf lfhub^ sfyfvtl-
hjdt vbpfyc ofhvjflutyc obyfcofh lfcf[ekb sdbct,t,bc 
vmjyt yfthst,bc vbqt,f& fvfcsfy lfrfdibht,bs bphlt,f lf 
qhvfdlt,f evfqktc cfcofdkt,kt,ib jhufyekb cbystpbc 
stjhbekb lf ghfmnbrekb cfo.bct,bc cofdkt,bc ghj,ktvf& 
cf.jdtksfjl fqbfht,ekbf hjv jhufyekb cbystpbc 
kf,jhfnjhbfib .fkb,lt,f mbvbrjcb& 

jhufyekb cbystpbc ghjuhfvf vjbwfdc ghfmnbrekb 
jhufyekb mbvbbc vybidytkjdfy cfrbs[t,c ~/fkjutybht,f^ 
ybnhbht,f^ fwbkbht,f^ rjyltycfwbf^ cekabht,f^ ;fyudf-
fqlutyf^ lbfpjnbht,f lf c[d&`^ hjvtksf itcofdkf [tkc 
eo.j,c stjhbekb  jhufyekb mbvbbc ‘bhbsflb lt,ekt-
,t,bc itvjmvtlt,bs fsdbct,fc& 

kf,jhfnjhbekb vtwflbytj,t,bc lhjc [lt,f ghfm-
nbrekb xdtdt,bc fsdbct,f lf ufvjveifdt,f& cneltynb fvfdt 
lhjc txdtdf mbvbehb wyj,fhbs lf c[df lfv[vfht cf[tkv-
’qdfytkjt,bs cfhut,kj,fc^ mbvbehb zehzkbc ufvj.tyt,fc^ 
ufceasfdt,fc^ lfyflufht,bc kfvfpfl lf rjvgfmnehfl 
fo.j,fc^ xfnfht,ekb cfveifjt,bc lfvjerblt,kfl ufajh-
vt,fc& 

obyfvlt,fht yfihjvib^ hjvtkbw ofhvjflutyc 
cfmfhsdtkjc ntmybrehb eybdthcbntnbc jhufyekb mbvbbc 
rfstlhbc vtsjlehb vbsbst,t,bc yfobkc^ ufy[bkekbf 
jhufyekb cbystpbc kf,jhfnjhbekb cfveifjt,bc itvltub 
vybidytkjdfyb cfrbs[t,b% ;fyudf-fqlutyf^ rjyltycfwbbcf lf   
cekabht,bc htfmwbt,b& 
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1& :FYUDF-FQLUTYBC HTFMWBT<B 

 
mbvbeh ghjwtct,ib vbvlbyfht ;fyudf-fqlutybc htfm-

wbt,c lblb  ufvj.tyt,f fmdc^ mbvbehb htfmwbt,bc lff[kjt,-
bs 90) ;fyudf-fqlutybsbf& 

ufycfresht,ek lfndbhsdfc b’tyc ;fyudf-fqlutybsb 
htfmwbt,b  jhufyekb mbvbbc  cfv.fhjib&  fqybiyek  htf-
mwbt,c  t.hlyj,f  hjujhw ehsektcb cfcbwjw[kj^ fctdt 
itlfht,bs vfhnbdb odbc ghjwtct,b& 

;fyudf-fqlutybc htfmwbt,bc mbvbpvbc cfae'dkbfyvf 
itcofdkfv ufyfgbhj,f vhfdfkb jhufyekb yfthsbc ufvj-
.tyt,f jhufyek cbystpib& ofhvjt,fib lf;fyudbc htfmwbbs 
qt,ekj,ty  cgbhnt,c^  fklt/blt,c^ v;fdt,c^ fy/blhblt,c 
cfqt,ht,c^ w[bvt,c^ fynbltnjyfnjht,c lf c[df vybi-
dytkjdfy ybdsbtht,t,c&  

pjuflfl ;fyudf-fqlutyf itudb'kbf ufydb[bkjs^ 
hjujhw  ghjwtcb^ hjvkbc lhjcfw vbvlbyfhtj,c tktm-
nhjyt,bc vbvjwdkf tktvtynt,c  ijhbc& tktvtynbc fy itcf-
,fvbcfl yfthsbc lf;fyudbcfc^ flubkb fmdc fv tktvtynbc 
vbth tktmnhjyt,bc rfhudfc^  hbc  itltuflfw  vwbhlt,f  vb-
cb tktmnhjefh.jabsj,f ~itcf,fvbcfl bphlt,f 
tktmnhjlflt,bsj,f`& 

fhfjhufyekb ybdsbtht,t,bc itvs[dtdfib  tktm-
nhjyt,bc  lfrfhudf ~lf;fyudbc  ghjwtcb`^  fy  it'tyf  ~fq-
lutybc ghjwtcb`^ fldbkfl lfcnehlt,f tktvtynbc 
dfktynj,bc itwdkbs& jhufyek yfthst,ib^ hjujhw otcb^ 
yf[ibh,flbc dfktynj,f fh bwdkt,f^  vfuhfv  bwdkt,f  cf-
thsj tktmnhjyt,bc hfjltyj,f& 

sfyfvtlhjdt it[tlekt,t,bc sfyf[vfl ;fyudf-
fqlutybc htfmwbt,fl bojlt,bfy fhf vfhnj bc htfmwbt,b^ 
hjvkt,ibw vjyfobktj,c ;fyu,flb fy o.fk,flb^  fhfvtl  bc  
htfmwbt,bw^  hjvkt,ibw  bwdkt,f ;fyudbsb hbw[db& fvfc-
sfy lfrfdibht,bs ;fyudbc htfmwbt,ib thsbfylt,bfy mkjhb-
ht,bc^ ybnhbht,bc^ cekabht,bc^ fvbybht,bc lf  c[df 
htfmwbt,b& 

fv;fvfl ;fyudf-fqlutybc ghjwtct,ib [ibhfl 
ufvjb.tyt,f ;fyudbc [fhbc[bc ~;fyudbsb hbw[db` wyt,f& 
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;fyudbc [fhbc[b  jhufyek yfthst,ib ajhvfkehb  ve[nbf^ 
hjvtkbw itcf,fvbc yfthsib uffxybf tktvtync bv dfhfelbs^ 
hjv ,vf fhbc bjyehb^ t&b& tktmnhjyekb o.dbkb vskbfyfl 
uflf[hbkbf eahj  vtnfl tktmnhjefh.jabsb tktvty-
nbcfrty& tc  uflf[hf  fqbybiyt,f  bchbs&  

vbqt,ekbf^ hjv bchbc lfcfo.bcc ittcf,fvt,f #+@^ 
[jkj ,jkjc  #-@&  thsb lf bubdt fnjvt,bc lfrfdibht,bcfc 
sdkbfy^ hjv tktmnhjyt,bc uflf[hfc fhf fmdc flubkb& 
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eylf fqbybiyjc^ hjv jhufyek mbvbfib ;fyudbsb 

hbw[db [ibhfl fh ittcf,fvt,f dfktynj,fc lf vfc fhf fmdc 
abpbrehb  fhcb*  vbe[tlfdfl fvbcf^ afhsjl ufvjb.tyt,f 
;fyudf-fqlutybc htfmwbt,bc  ufsfyf,ht,bcfc& 

 hflufy O^ N^ S^ Br tktvtynt,bc tktmnhj-
efh.jaj,f eahj vfqfkbf^ dblht  yf[ibh,flbc^  yt,bcvbthb  
vfsufyb - lfrfdibht,ekb yf[ibh,flsfy^ afmnbehfl  fvwb-
ht,c  ;fyudbc  [fhbc[c^  [jkj  .jdtkb o.fk,flbc fnjvb^ 
hjvtkbw ufwbkt,bs eahj  yfrkt,fl  tktmnhj-
efh.jabsbf^ dblht yf[ibh,flb^ phlbc yf[ibh,flbc fnjvbc 
;fyudbc [fhbc[c& 

cf,jkjj ]fvib vjktrekfib fnjvt,bc ;fyudbsb  
hbw[dt,bc  fkut,hekb ]fvb yekbc njkbf& 

 ufvjbfyufhbits yf[ibh,flbc fnjvt,bc  ;fyudbsb  
hbw[db  itvltu yfthst,ib 
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1&1& :FYUDBC HTFMWBT<B     
 
lf;fyudbc ghjwtcpt lf^ itcf,fvbcfl vbqt,ekb ghj-

lemnbc itlutybkj,fpt lbl ufdktyfc f[ltyc lfv;fyudtkbc 
,eyt,f& 

lfv;fyudtkbc ithxtdbcfc  fewbkt,tkbf  ufsdfkbc-
obyt,ekb  bmyfc vbcb sdbct,t,b lf lfvjrblt,ekt,f lfcf-
;fyu yfthssfy&  fqcfybiyfdbf^ hjv fhct,j,c cgtwbabrehb 
lfv;fyudtkt,b^ hjvkbsfw  ;fyufdty yfthst,bc v[jkjl 
ufhrdtek  ]ueac&  ufhlf  fvbcf  lfv;fyudtkb  eylf 
frvf.jabkt,ltc itvltu gbhj,t,c% 

1. eylf b.jc fmnbehb 
2. itcf'kt,tkb eylf b.jc htfmwbbc ufxtht,f 

cfzbhj cnflbfpt 
3. vfmcbvfkehfl itvwbhltc sfyfehb ghjlem-

nt,bc ofhvjmvyf 
4. fldbkfl ufvjb.jc cfhtmwbj fhtlfy 'bhbsflb 

ghjlemnb  
jhufyek cbystpib lfv;fyudtkt,fl ufvjb.tyt,f ;fy-

u,flb  ~O2`* rfkbevbc ,bmhjvfnb K2Cr2O7 ~v;fdf  fhtib`*  
rfkbevbc  gthvfyufyfnb KMnO4 ~v;fdf^ nent lf ytbnhf-
keh fhtib`^ fpjnv;fdf lf fpjnbc  jmcblt,b^ o.fk,flbc 
gthjmcblb^ bjlv;fdf ~HIO4`^ jpjyb^ n.dbbc ~+|`  lf jcvb-
evbc ~+|` jmcblt,b^ ybnhj,typjkb lf c[df& 

mdtvjs ufy[bkekb bmyt,f lf;fyudbc htfmwbt,b 
;fyu,flbc  vjyfobktj,bs jhufyekb yfthst,bc 'bhbsflb 
rkfct,bc vb[tldbs& 
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2. Cl… + RH → R… + HCl 
3. R… + SO2 → R-SO2… 
4. R-SO2… + Cl2 → RSO2Cl + Cl… lf f&i& 
5. R… + Cl… → R-Cl 
6. Cl… + Cl… Cl2 

 
cekajlf;fyudbc htfmwbt,b 
R-H + SO2 + O2  R-SO3H + H2O 
R-H + SO2 → R-SO2… + H… 

1. R-SO2… + O2 → R-SO2OO… 
2. R-SO2OO… + R-H → R… + R-SO2OOH 
3. R-SO2OOH + 2 RH → 2 R… + R-SO2OH + H2O 

 
fkrfycekajv;fdt,bc vfhbkt,bcf lf cfgybc vjkt-

rekt,b itbwfdty /blhjabkeh lf itlfht,bs vfqfkvj-
ktrekeh /blhjaj,eh ]ueat,c& fkrfycekajv;fdt,bc 
egbhfntcj,f fhbc bc^ hjv sbsmvbc .dtkf vfsb vfhbkb fhbc 
[cyflb hjujhw [bcn^ bct h,bk o.fkib^ hfw ufyfgbhj,t,c 
vfs cfertstcj ufvhtw[ sdbct,t,c& 
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S

+ H2SO4

S SO3H

25°

- OH260%} } hxt,f jhufyek afpfib

uflflbc o.kbc afpfib

 
α-sbjatycekajv;fdf b[cyt,f ujubhlv;fdfib lf 

ufyihtdlt,f ,typjkblfy& 

tmdcotdhbfyb /tnthjwbrkehb yfthst,bc cekabht,f 
vbvlbyfhtj,c vrfwh gbhj,t,ib& ofhvjbmvyt,f evsfdhtcfl 

β-cekajv;fdf& 

+
N

H2SO4
N

SO3H

β- gbhblbycekajv;fdf
 

 

3&1&5& FWBRKEHB YFTHST<BC CEKABHT<F   

fkrfycekajv;fdt,bc vbqt,f ujubhlv;fdfc 
ufvj.tyt,bs ghfmnbrekfl fh [th[lt,f& lf,fkb 
rjywtynhfwbbc ujubhlv;fdfcsfy htfmwbbc cbxmfht ‘fkbfy 
vwbhtf^ [jkj rjywtynhbht,ek ujubhlv;fdfcsfy 
cekabht,bc htfmwbfcsfy thsfl vbvlbyfhtj,c lf;fyudbc 
htfmwbt,b& 

fkrfycekajv;fdt,b lblb ufvjcfdkbfyj,bs 
ofhvjbmvyt,bfy cekajlf;fyudbcf lf cekajmkjhbht,bc 
htfmwbt,bs& htfmwbbc vtmfybpvb ]fzdeh-hflbrfkehbf& 

 

cekajmkjhbht,bc htfmwbf% 
 

R-H + SO2 + Cl2 hν⎯⎯→  R-SO2-Cl + HCl + ~ 13 rrfk 
1. Cl-Cl hν⎯⎯→  2 Cl… 
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1&1&1& FKRFYT<BC :FYUDF 

   
yjhvfkehb ]fzdbc vmjyt yf[ibho.fk,flt,b 

[fcbfslt,bfy vluhflj,bs lfv;fyudtkt,bc vbvfhs& sevwf 
vfsb ;fyudf vbvlbyfhtj,c v;fdf fhtib^ [ibhfl rfnfkb-
pfnjht,bc sfyfj,bcfc& ;fyudbc gbhj,t,b gbhlfgbh lfvj-
rblt,ekt,fibf ]fzdbc cbuh'tcsfy lf ufyinjt,t,sfy&  
ufycfresht,bs fldbkfl b;fyut,f vtcfvtekb yf[ibh,flbc 
fnjvb& 

yf[ibho.fk,flt,bc  ;fyudbc  ghjwtcb  vbvlbyfhtj,c  
cnflbt,fl& vfufkbsbcfsdbc  ufydb[bkjs  vtsfyb^  cflfw  
yfskfl  xfyc  ghjwtcbc cfat[eht,hbdb vbvlbyfhtj,f& 
 

სქემა 1 

C H
H

H

H C OH
H

H

H C
O

H
H

C
O

H
OH

CO2
[O] [O] [O] [O]

 
 
gbhdtk cfat[ehpt  ofhvjbmvyt,f  fhfvluhflb  

pt;fyub^ hjvtkbw sfdbc v[hbd ufhlfbmvyt,f cgbhnfl^ 
fklt/blfl lf v;fdfl% 

სქემა 2 

CH3 CH3

[O]
CH3 CH3

H

O
OH

CH3

O

H
+ CH3 OH

CH3

O

OH
H C

O

H

H C

O

OH

CH3 CH3

O

[O] [O]

[O]
[O]

[O]

[O]

 
hjujhw სქემა 1 xfyc^ sfyfehb ghjlemnt,bf cgbhnb^  

fklt/blb lf  v;fdf&  vj.dfybkb  cmtvbc  ufvj.tyt,bs  
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itcf'kt,tkbf  pjubthsb ;fyudbc htfmwbbc ufsfyf,ht,bc 
otcbc ufy[bkdf& 

;fyu,flbcf lf c[df lfyfhxtyb lfv;fyudtkt,bc 
~K2Cr2O7, KMnO4` ufvj.tyt,bcfc cfzbhjf vfqfkb 
ntvgthfnehf& fv lhjc [lt,f yf[ibho.fk,flbc uf[ktxf lf 
;fyudf v;fdt,fvlt&  yf[ibho.fk,flt,bc  ;fyudbc htfmwbt,b 
[ibhfl tvs[dtdf vfsb lfikbc htfmwbt,c& fqcfybiyfdbf^ hjv 
fv vtsjlbs ofhvjt,fib vbvlbyfhtj,c vfqfkvjktrekehb 
v;fdt,bc  vbqt,f& 

2 C36H74 + 5 O2 → 4 C17H35COOH + 2 H2O 
yf[ibho.fk,flt,bc vrfwh gbhj,t,ib ;fyudbcfc  

~odbc  ghjwtcb` ufvjb.jaf yf[ibhjh;fyub^ o.fkb lf lblb  
hfjltyj,bs  cbs,j&  fvbnjv yf[ibho.fk,flt,c  b.tyt,ty 
hjujhw cfs,j,c& lflutybkbf^ hjv vfufkbsfl  ,typbybc  
ltnjyfwbehb  sdbct,t,b  lfvjrblt,ekbf vfcib itvfdfkb 
yf[ibho.fk,flt,bc fqyfuj,fpt& ptvjs fqybiyekblfy 
ufvjvlbyfht  ~vtcfvtekb  yf[ibh,flbc  itvwdtkb  yfthst-
,bc  ;fyudbc cbfldbkt` bpjjmnfyb eahj fldbkfl b;fyut,f^ 
dblht  y-/tgnfyb^  fvbnjv vbqt,ekbf cnfylfhnb% jmnf-
yehb hbw[db^ hjvtkbw bpjjmnfybcfsdbc vbqt,ekbf 100^ 
[jkj y-/tgnfybcfsdbc  0& fvudfhfl^ jmnfyehb hbw[db 
udbxdtyt,c hfvlty ghjwtyn bpjjmnfyc itbwfdc bpjjmnfy-
/tgnfybc [tkjdyehb yfhtdb^  hjvtkcfw  cgtwbfkeh  gbhj-
,t,ib ufvjwlbc lhjc^ fmdc bctsbdt vfltnjybht,tkb sdbct-
,t,b^ hfw ufvjcfwltk cfodfdc& afhsjl ufvj.tyt,ekb lfv-
;fyudtkt,bc vfufkbspt  ~KMnO4, K2Cr2O7` ufydb[bkjs 
jhufyekb yfthst,bc ;fyudbc htfmwbt,bc pjubthsb otcb& fv 
vbpybs lfv;fyudtkt,b ufydb[bkjs hjujhw  wfkrt  
cbcntvt,b^ hjvkt,ibw vsfdfhb lfv;fyudtkbf fnjvehb 
;fyu,flb% 

 
სქემა 3 

K2Cr2O7 + 4 H2SO4 K2SO4 + Cr2(SO4)3 4 H2O 3 O+ +

Cr
6+

2 Cr
3+

O
2-

2
+6 e

-2 e

6         1
      6
2         3O0
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NH2

SO3H

NH2

H2SO4

NH3
+

OSO3H
- OH2

180°

cekafybkv;fdf

NH3
+

SO3

 
vbqt,ekb cekafybkv;fdf ofhvjflutyc iblfvjkt-

rekeh vfhbkc& 
fmdt eylf fqbybiyjc cekafvblehb ]ueabc –SO2NH2 

it.dfyf fhjvfnekb fvbyt,bc ,bhsdib 

NH
C
O

CH3

SO2Cl

+ NH3
- ClH

NH
C
O

CH3

SO2NH2

NH2

SO2NH2

stshb cnhtgnjwblb

OH2

- CH3COOH

, t°

 
 

3&1&4& /TNTHJWBRKEHB YFTHST<BC CEKABHT<F   

[esotdhbfyb /tnthjwbrkehb yfthst,b^ hjvkt,bw 
[fcbfslt,bfy fhjvfnekb sdbct,t,bs% sbjatyb^ gbhjkb^ 
aehfyb ofhvjmvybfy itcf,fvbc cekajv;fdt,c% 

S
+ H2SO4

S SO3H
25°

- OH2
 

 

vsfdfh ghjlemnc ofhvjflutyc α-cekajv;fdf& fq-
cfybiyfdbf^ hjv cekabht,bc htfmwbf fhjvfnek yf[ibh-
o.fk,flt,sfy itlfht,bs /tnthjwbrkeh yfthst,ib vbv-
lbyfhtj,c itlfht,bs h,bk gbhj,t,ib& cekabht,bc htfm-
wbbs vbvlbyfhtj,c ytlkb ,typjkbc ufceasfdt,f sbjatyb-
cfufy&  



56 

2-yfasjk-6^8-lbcekaj-
v;fdf

G-v;fdf

OH2-

OHOH
SO3H

OH

HO3S

OH

SO3HHO3S

OH
SO3H

HO3S

-10°
H2SO4

OH2-

OH2-OH2-

H2SO4

H2S2O7
H2SO4

90°

120°

2-yfasjk-1-cekaj-
v;fdf 2-yfasjk-6-cekaj-

v;fdf
itathbc v;fdf

2-yfasjk-3^6lbcekajv;fdf
R-v;fdf  

2%
70-80°

OH
SO3H

2-yfasjk-8-cekaj-
v;fdf

rhjwtbyv;fdf

H2SO4
60°

OH2-

 
fqcfybiyfdbf^ hjv lb- lf nhb-cekajv;fdt,bc cbyst-

pbc lhjc vbqt,ekb cfhtfmwbj yfhtdb ~cekajyfhtdb` itb-
wfdc bpjvthek cekajv;fdt,c& 

 

3&1&3& FHJVFNEKB FVBYT<BC CEKABHT<F   

gbhdtkflb fhjvfnekb fvbyt,bc vjyjcekajv;fdt,bc 
vbcfqt,fl ufvjb.tyt,f t&o& #itw[j,bc vtsjlb@& tc vtsjlb 
tv.fht,f bvfc^ hjv vhfdfkb gbhdtkflb fhjvfnekb fvbybc 
ujubhlv;fdf vfhbkb^ hjvtkbw vbbqt,f tmdbvjkehb hf-
jltyj,f ujubhlv;fdfc vjmvtlt,bs^ vfqfk ntvgthfnehfpt 

hfvjltybvt cffsbc ufyvfdkj,fib ufw[tkt,bs ~180-190°C 
afhukt,ib`^ egbhfntcfl gfhf xfyfwdkt,ek cekajv;fdfl 
ufhlfbmvyt,f& 
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სქემა 4 

KMnO4 + H2O 2 MnO2 + 3 O+
Mn

7+
Mn

4+

O
2-

+3 e

-2 e

2         
      
3         

2 2 KOH

O0

 
 

სქემა 5 

KMnO4+ 3 H2SO4 2 MnSO4+ 5 O+
Mn

7+
Mn

2+

O
2-

+5 e

-2 e

2         
      
5         

2  K2SO4 3 H2O+

O0

 
 

სქემა 6 

KMnO4+ 2 KOH 2 K2MnO4  O+
2         
      
1         

Mn
7+

Mn
6+

O
2-

+1 e

-2 e

2 H2O +

O0

 
 

 fvhbufl^ სქემა 4-სქემა 6-lfy htfmwbt,bc sfyf[vfl 
KMnO4  c[dflfc[df  fhtib udf'ktdc fnjvehb ;fyu,flbc 
c[dflfc[df hfjltyj,fc& vfqfk ntvgthfnehfpt vbvlbyfht-
j,c CH4-bc lf;fyudf vtsbkbc cgbhnfvlt& 

C H

H

H

H
[O]

C OH

H

H

H
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 fv lf;fyudbc htfmwbfpt b[fh]t,f thsb fnjvb 
;fyu,flb& tc  eylf ufdbsdfkbcobyjs CH4 -bc ufvj.tyt,bcfc 
c[dflfc[df fhtib  

CH4+KMnO4+H2SO4  → CH3OH+K2SO4+MnSO4+ H2O 
cbcntvf KMnO4+H2SO4 b'ktdf 5 fnjv ;fyu,flc^ 

[jkj vtsfybc  lf;fyudfpt b[fh]t,f 1^ ufsfyf,ht,bcfsdbc 
cfzbhjf 5 vjktrekf vtsfyb 

5CH4+2KMnO4+3H2SO4 →5CH3OH+K2SO4+2MnSO4+ 3H2O 
 
  ufydb[bkjs CH4-bc ;fyudf c[df cbcntvt,ib& 

3CH4+2KMnO4+H2O → 3CH3OH+2MnO2+2KOH 
CH4+2KMnO4+2KOH → CH3OH+2K2MnO4+H2O 
3CH4+K2Cr2O7+4H2SO4→3CH3OH+K2SO4+Cr2(SO4)3+4H2O 
 
fctsbdt vblujvbs uffsfyf,hts itvltub htfmwbt,b% 
 

CH4 + KMnO4 + H2SO4 → CH3COOH +… 
CH4 + KMnO4 + H2O → CH3COOH +… 
CH4 + KMnO4 + KOH → CH3COOH +… 
CH4 + K2Cr2O7 + H2SO4 → CH3COOH +… 
 

;fyudf-fqlutybsb htfmwbt,b itb’kt,f ufdfsfyf,hjs 
;fyudbsb hbw[dt,bc ufvj.tyt,bs% 

 
 

5 CH4 4 KMnO4 6 H2SO4 4 MnSO4 2 K2SO4

11 H2O

+ H C

O

H

+ + + +5
-4 +7 +20

0
CC

Mn
7+

Mn
2+

-4e

+5e

5

4

+

4-
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50°
jktevb

-

SO3H SO3H

SO3H

SO3H

SO3H
SO3H

jktevb

90°

OH2 OH2-

1^5-yfasfkbylbcekaj-
v;fdf

1^3^5-yfasfkbynhbcekaj-
v;fdf

 

 
 

3&1&2& XFYFWDKT<EKB <TYPJKBCF LF 
YFASFKBYBC  CEKABHT<F     

cekaj]ueabc it.dfyf fhjvfnek ,bhsdib vbvlbyf-
htj,c eahj h,bk gbhj,t,ib^ hjltcfw ,bhsdsfy fhbc lf-
rfdibht,ekb gbhdtkb hbubc ~tktmnhjyjljyjhekb` 
xfvyfwdkt,tkb& 

CH3

CH3
SO3H

CH3

SO3H

} CH3
SO3H

SO3H

CH3
SO3H

SO3H

HO3SH2SO4

OH2

H2SO4

OH2
- -

 

OH

OH
SO3H

OH

SO3H

} OH
SO3H

SO3H

OH
SO3H

SO3H

HO3SH2SO4

OH2

H2SO4

OH2
- -
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+

H2SO4

SO3H

+

OH2
92%

SO3H

+

H2S2O7

SO3H

SO3H

+

OH280°

jktevb

 
 
 
vcufdcb vtmfybpvbs vbvlbyfhtj,c yfasfkbybc 

cekabht,f& vjyj yfasfkbycekajv;fdfc ,eyt,fpt lbl 

ufdktyfc f[ltyc ntvgthfnehekb afmnjhb& α-yfasfkby-
cekajv;fdf ofhvjbmvyt,f itlfht,bs h,bk gbhj,t,ib& 

 

H2SO4

OH2-

SO O
OH

S
O

O

OH
160°

80°

160°

 
 
vtjht cekaj]ueab itlbc fhfxfyfwdkt,ek ,bh-

sdib& 
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fctsb vtsjlbs ;fyudbsb hbw[dt,bc ufvj.tyt,bs 

uffsfyf,hts ptvjs vjwtvekb htfmwbt,b& 
 
 

1&1&2& FKRTYT<BC LF FKRBYT<BC LF:FYUDF     

fkrtyt,b fldbkfl  b;fyut,bfy^  hfw  ufvjodtekbf  
jhvfub  ,vbc fhct,j,bs& hjujhw .dtkf jhufyekb yfthsbc^ 
bct  e]thb  yf[ibho.fk,flt,bc vrfwh gbhj,t,ib ;fyudbc 
ghjlemnt,bf CO2 lf H2O& 

C2H4 + 3O2 → 2 CO2 + 2 H2O 
KMnO4-bc nent [cyfhbc  vjmvtlt,bs  fkrtyt,b  

b;fyut,bfy&  fv lhjc [lt,f -OH ]ueat,bc vbthst,f jhvfub 
,vbc ufo.dtnbc [fh]pt& 

2 KMnO4+ +CH2 CH2 2 KOH CH2 CH2
OH OH

2 K2MnO4+
-2e

2 C-2 2 C-1

Mn+7 Mn+6+1e

1

2
 

 
 tc htfmwbf vblbc  jsf[bc  ntvgthfnehfpt  

yjhvfkeh  gbhj,t,ib^ [jkj eahj vrfwhb gbhj,t,bc 
lhjc flubkb fmdc  jhvfub  ,vbc  chekfl uf[ktxfc lf 
vbbqt,bfy rfh,jybkehb yfthst,b% 

 

4 KMnO4+ +CH CH

R

R

2 H2O 4 MnO2+R C

O

H

6 4 KOH+

C C

R

R

R1

R1
HIO4        KMnO4+

2 C O

R

R1

3
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e]thb yf[ibho.fk,flt,bc lfv;fyufdfl itcf'kt-

,tkbf n.dbbc  ~+|` fwtnfnbc ufvj.tyt,f& fv lhjc [lt,f 
fkrtyt,bc jhvfub ,vbc  ufo.dtnf lf vbbqt,bfy ukbrjkt,b^ 
hjvkt,bw sfdbc v[hbd ofhvjmvybfy rtnjyt,c% 

 

2 KMnO4+ +CH CH

CH3

CH3

4 H2O 2MnO2+3 2 KOH+3 CH CH

CH3

CH3

OH

OH

 

+

CH CH

CH3

CH3

OH

OH

+ Pb(CH3COO)4 2 C

O

CH3

H

Pb(CH3COO)2+

2 CH3COOH
 

 
ufhlf fvbcf fkrtyt,bc vfqfkb htfmwbbceyfhbfyj,bc 

ufvj vhfdfkb vfsufyb b;fyut,f /fthpt /blhjpt;fyubc 
ofhvjmvybs^  hjvtkbw  itvltu fldbkfl ufvjb.jaf 
sfdbceafkb cf[bs& 

CH3
CH2

CH2
CH2

CH
CH2

O2 CH3

CH2
CH2

CH2
C

CH2

O
OH

/blhjpt;fyub

 
/blhjpt;fyubc uf[ktxbs fldbkfl vbbqt,f  

hflbrfkt,b^  hjvkt,bw bo.t,ty ]fzdeh htfmwbfc& 
 lblb vybidytkj,f fmdc tsbktyehb  yf[ibho.fk-

,flt,bc  lf;fyudfc jpjybs ~/fhbtcbc htfmwbf`^ hjvkbc it-
ltufl  ofhvjbmvyt,bfy  fldbkfl fqvjcfxtyb rfh,jybkehb 
yfthst,b& fvfcsfy lfrfdibht,bs fv  htfmwbfc fmdc lblb 
ufvj.tyt,f^ hjujhw jhvfub ,vt,bc hfjltyj,bc^ bct  ewyj,b 
yfthsbc fqyfuj,bc ufycfpqdhbcfsdbc& 
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H ε+ H
E+

H

E+
E

+ H
+

π-rjvgktmcb σ-rjvgktmcb
 

 
 

 ε+ tktmnhjabkehb yfobkfrb^ hjvtkbw cekabht-
,bc htfmwbbc itvs[dtdfib^ hjujhw dfhfelj,ty itb’kt,f 
ofhvjdblubyjs itvltub cf[bs% 

S

O

O

OH

OH

δ+
S

O

O

O

δ+

 

fy rfnbjyb +SO3H^ hjvtkbw ofhvjbmvyt,f itvltub 
htfmwbbs% 

3 H2SO4 Н SO3H+ + H3O+  + 2 HSO4
- 

 
cekabht,bc htfmwbbc lhjc lblb vybidytkj,f fmdc 

htfmwbbc jgnbvfkehb gbhj,t,bc ~ujubhlv;fdfc rjywty-
nhfwbf^ ntvgthfnehbc [fyuh’kbdj,f` lfwdfc& cekaj-
]ueab vbtresdyt,f vtjht hbubc ~tktmnhjyjfmwtgnjhek` 
xfvyfwdkt,kt,c lf fvwbht,c fhjvfnekb ,bhsdbc 
htfmwbbceyfhbfyj,fc^ hfw ufyfgbhj,t,c vjyjcekaj-
v;fdt,bc vbqt,bc itcf’kt,kj,fc& lb-^ nhb- lf gjkb- 
cekajv;fdt,bc vbqt,fc fofhvjt,ty eahj vrfwh gbhj,t,ib 
vfqfk ntvgthfnehfpt jktevbc ufvj.tyt,bs& 
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cekaj]ueab itlfht,bs fldbkfl xfbyfwdkt,f c[df 
aeymwbehb ]ueat,bs& tc sdbct,f ufyfgbhj,t,c cekabht,bc 
htfmwbbc ufvj.tyt,fc jhufyek vjktrekfib^ c[dflfc[df 
aeymwbehb ]ueabc ~-OH^ NO2 lf c[df` it.dfyfc fhfgbhlf-
gbhb upbs& 

,jkj [fyt,ib cekajv;fdt,c afhsjl b.tyt,ty^ hj-
ujhw ptlfgbhekfl fmnbeh ybdsbtht,t,c& cfhtw[b cfie-
fkt,t,bc fmnbeh yfobkc itflutyc fkrfycekajv;f& 

vsfdfhb vfcekabht,tkb futynb fhbc c[dflfc[df 
rjywtynhfwbbc ujubhlv;fdf& ntmybrfib [ibhfl ufvjb.tyt-
,f f]fcgbc ptsb ~92-94)`^ vjyj/blhfnb ~100)`^ jktevb 
~SO3-bc [cyfhb vjyj/blhfnib`& fuhtsdt vfcekabht,tk 
futynfl ufvjb.tyt,f mkjhcekabybc v;fdf ClSO3H^ ujubh-
lbc fy/blhblb SO3^ gbhblbycekajnhbjmcblb^  ujubh-
ljdfyb fy/blhblb lf c[df&  

3&1& FHJVFNEKB <BHSDBC CEKABHT<F    

3&1&1& <TYPJKBCF LF YFASFKBYBC CEKABHT<F   

 
fhjvfnekb ,bhsdbc cekabht,f vbvlbyfhtj,c uj-

ubhlv;fdfc ufvj.tyt,bs&  
H

+ H2SO4

SO3H

+ OH2

 
htfmwbbc itmwtdflj,fcsfy lfrfdibht,ekbf rjywty-

nhbht,ekb ujubhlv;fdfc ufvj.tyt,f& htfmwbbc lhjc 
ufvj.jabkb o.fkb fvwbht,c ufvj.tyt,ekb ujubhlv;fdfc 
rjywtynhfwbfc lf fuhtsdt phlbc ofhvjmvybkb ,typjk-
cekajv;fdfc /blhjkbpbc htfmwbbc cbxmfhtc& htfmwbbc 
itmwtdflj,fc fvwbht,c fuhtsdt ujubhlv;fdfc ufvj.tyt,f 
zfh,b hfjltyj,bs ~cntmbjvtnhek hfjltyj,fcsfy itlf-
ht,bs 2-5 ]th vtnb`& 

fhjvfnekb ,bhsdbc cekabht,f vbvlbyfhtj,c tktm-

nhjabkehb xfyfwdkt,bc ~Sε`vtmfybpvbs& 
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C C

R

R2

R3

R1

O3+ C C

R

R2

R3

R1

O O

O

OH2+

H2O2
C

R

R1 O

C R2

R3

O

+ +
 

fwtnbktyehb hbubc yf[ibho.fk,flt,bc lf;fyudbc 
htfmwbt,b vbvlbyfhtj,c vcufdcb vbvfhsekt,bs*&  

8 KMnO4+ +CH CH 12 H2SO4

C

C

O OH

O OH

4 K2SO4 12 H2O

+ 8 MnSO4

+

+

+
v;feyv;fdf

5 5

 

1&1&3& FHTYT<BC LF:FYUDF      

hjujhw wyj,bkbf^ fhjvfnekb cbcntvt,b  [fcbfs-
lt,bfy  vluhflj,bs lfv;fyudtkt,bc vbvfhs& vrfwh  gbhj-
,t,ib  rfnfkbpfnjhbc  sfyfj,bcfc vbvlbyfhtj,c ,bhsdbc 
uf[ktxf& 

,typjkbcf  lf  yfasfkbybc  lf;fyudbcfc  vfqfk ntv-

gthfnehfpt 450 °C^ V2O5-bc sfyfj,bcfc itcf,fvbcfl  ofh-
vjbmvyt,f  vfktbyv;fdfc fy/blhblb lf asfkv;fdfc fy/bl-
hblb& 

                                                 
* itfvjovts rjtabwbtynt,b otcbc vb[tldbs 
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+ +9 O2
V2O5

O

O

O

2 4 CO2 4 H2O

2 +9 O2

V2O5

450°
2

O

O

O

4 CO2 4 H2O+ +

2 +
450°

 
 
fyshfwtyib fvfqkt,ekb htfmwbbceyfhbfyj,bs [fcb-

fslt,f  γ- ~9^10` vlt,fhtj,f^ hjvtkcfw vtpj vlt,fhjt,fw 
tojlt,f& 

+ 7 H2O

+3 Cr2O3 + 12 CH3COOH

O

O

+

+ 6 Cr(CH3COO)2

 
jpjysfy ehsbthsmvtlt,bcfc ,typjkbc ,bhsdb 

ofhvjmvybc rfh,jybkeh yfthst,c& fv htfmwbfc lblb 
stjhbekb vybidytkj,f fmdc  ,typjkbc ,bhsdbc fqyfuj,bc 
itcofdkfib& 

fhjvfnekb  ,bhsdbc  lfcf;fyufl  eahj  [ibhfl  
,bhsdib  it/.fds tktmnhjyjljyjhekb xfvyfwdkt,kt,b 
~+ hbubc xfvyfwdkt,kt,b`& fvfcsfy lfrfdibht,bs atyjkt,b 
lf  fvbyt,b  b;fyut,bfy  ,tdhfl eahj h,bk gbhj,t,ib& 
atyjkt,bc ;fyudbcfc ofhvjbmvyt,bfy  mbyjyt,b& 

 
OH

OH

[O]

O

O

 H2O+
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OH2-

H
+

H
+

N

NC

OH

HH

NC

OH2
+

HH
IIIII

-

IV  
 
 
 

3&   CEKABHT<BC HTFMWBT<B   

 
cekabht,bc htfmwbf tojlt,f fwbrkeh lf wbrkeh 

~evsfdhtcfl fhjvfnek` yfthst,ib cekaj]ueabc - 
SO3H-bc it.dfybc ghjwtcc& 

fhjvfnekb lf fkrfycekajv;fdt,bc ofhvjmvybcfc 
vbvlbyfhtj,c o.fk,flbc xfyfwdkt,f itvltub cmtvbs% 

Ar(R)-H  → Ar(R)-SO3H 
fv ghjwtcc lblb ufvj.tyt,f fmdc^ hflufy cekaj-

]ueab jhufyek vjktrekfc fybzt,c vhfdfkv[hbd vybidyt-
kjdfy sdbct,t,c& 

cekaj]ueabc it.dfyfcsfy thsfl bphlt,f 
jhufyekb yfthsbc [cyflj,f o.fkib& fvbc ufvj vhfdfk 
cfqt,fhib ~ufycfresht,bs rdt,bc vhtodtkj,fib ufvj.tyt-
,ekb` lf afhvfwtdnek ghtgfhfnib cekaj]ueabc fhct-
,j,f fewbkt,tkbf& fv sdbct,fc fuhtsdt t.hlyj,f cekab-
ht,bc htfmwbbc ufvj.tyt,f jhufyekb yfthst,bc ~yfdsj,-
ghjlemnt,bc` ufcfceasfdt,kfl& 
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2&9& FHJVFNEKB FKLT/BLT<BC 
RJYLTYCFWBF    FHJVFNEK 

FVBYT<SFY     
fklt/blt,b lf rtnjyt,b fldbkfl itlbfy htfmwbfib 

fpjnjdfy ae’tt,sfy& vfufkbsfl^ ,typfklt/blbc fybkby-
sfy ehsbthsmvtlt,bs vbbqt,f ,typfkfybkbyb& 

gbhdtkfl fvbyt,sfy htfmwbf vblbc fldbkfl lf fh 
cfzbhjt,c v;fdt,bc rfnfkbpeh vjmvtlt,fc& gbhdtkflb 
fvbyt,blfy ofhvjbmvyt,f fpjvtsbyb fy ibabc ae’t& htfmwbf 
vblbc itvltuyfbhfl% 

O

+ NH2
OH2-

N

CH

 
ofhvjmvybkb ,bgjkfhekb bjyb ~+` cnf,bkbpbhlt,f 

#ibyfufyb@ ytbnhfkbpfwbbc itltufl ~++` ghjlemnbc 
ofhvjmvybs& itvltu ufv[cytkbc ufdktybs vbvlbyfhtj,c 
/blhjmcbkbc ;fyu,flbc ghjnjybpfwbf lf vbbqt,f 
jmcjybevbjyb ~+++`^ hjvtkbw ufybwlbc o.kbc vjktrekbcf  
lf ghjnjybc vj[ktxfc& 

 

O

H + NH2 N
+

C
O

-

HH

H

I

II

NC

OH

HH

 
 
ghjnjybc vj[ktxbc itltufl ofhvjbmvyt,f htfmwbbc 

ytbnhfkehb cf,jkjj ghjlemnb ~+|`& 
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fhjvfnekb fvbyt,b b;fyut,bfy 'fkbfy cohfafl lf 
b'ktdbfy hsekb itlutybkj,bc yfhtdc^ rth'jl^ fybkbybc 
lf;fyudbs^ vfufkbsfl K2Cr2O7-bs ofhvjbmvyt,f cfqt,fhb 
~ifdb fybkbyb`^ hjvkbc fqyfuj,f  ,jkjvlt itcofdkbkb 
fhff lf lqtbcfsdbc yfdfhfeltdbf itvltub cnhemnehf% 

 

N

N

N

N

n
 

 
fqcfybiyfdbf^ hjv ,typjkbc lf yfasfkbybc 

/jvjkjut,b b;fyut,bfy itlfht,bs h,bk gbhj,t,ib^ 
hjujhw otcb^ fhjvfnekb  ,bhsdb fh bikt,f^ b;fyut,f 
udthlbsb ]fzdb^ 

CH3 CH2OH C
HO

C
OHO

 
ghfmnbrekfl njkejkbc lf;fyudbs vbqt,ekb  

ghjlemnbc  ,eyt,f lfrfdibht,ekbf lf;fyudbc gbhj,t,sfy& 
ptvjs vj.dfybk cmtvfib  .dtkf ybdsbtht,f itb'kt,f b.jc 
vbqt,ekb bylbdblefkehb cf[bs& 

 lfothts  njkejkbc lf;fyudbs KMnO4 + H2SO4-ib 
~v;fdf fhtib` ,typbkbc cgbhnbc^ ,typfklt/blbc^ 
,typjv;fdfc ofhvjmvybc htfmwbt,b&  vcufdcb  vtmfybpvbs  
vbvlbyfhtj,c 2^3-lbvtsbkyfasfkbybc lf;fyudf% 

 
CH3

CH3
+ 2 Na2Cr2O7 + 7 H2SO4

COONa

COONa
+

+2 Cr2(SO4)3+ Na2SO4+ 10H2O
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1&1&4& FKRFYJKT<BC LF:FYUDF      

 cgbhnt,bc lf;fyudfc fmdc 'fkbfy lblb ghfmnbrekb  
ufvj.tyt,f& bcbyb fldbkfl  ufhlfbmvyt,bfy  fklt/blt,ib^  
rtnjyt,ib^  v;fdt,ib& gbhdtkflb cgbhnt,bc lf;fyudbs 
vbbqt,f  fklt/blt,b^  [jkj  vtjhtekb cgbhnt,bc ;fyudf 
udf'ktdc rtnjyt,c&  vtcfvtek  cgbhnt,c  rkfcbrehb 
lfv;fyudtkt,b dth ;fyufdty xjyx[bc ityfhxeyt,bs& 

 

CH3
OH [O]

CH3
H

O

+

H2O

gbhdtkflb cgbhnb

CH3

CH3

OH
[O]

CH3CH3

O

H2O

+
fklt/blb

vtjhtekb cgbhnb rtnjyb
 

 
vcufdcb vbvfhsekt,bs vbvlbyfhtj,c fhjvfnekb 

cgbhnt,bc lf;fyudf& 

+
[O]

H2O

fklt/blb

OH C
O

H

 
 
uffsfyf,hts itvltub cgbhnt,bc% tsfyjkbc^ 1-,enf-

yjkbc^ β-atybktsfyjkbc ;fyudbc htfmwbt,b  itvltub  lfv-
;fyudtkt,bs  KMnO4  c[dflfc[df fhtib ~nent^ v;fdf^ 
ytbnhfkehb`^ K2Cr2O7 ~v;fdf`& 

ofhvjt,fib lblb  ufvj.tyt,f  fmdc  wbrkj/tmcfyj-
kbc  lf;fyudfc wbrkj/tmcfyjyfvlt ~rfghjkfmnfvbc ofhvj-
t,f`& 
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C
OH CH2

+
CH2

N
+

CH3

CH3

N CH3
CH3CH

O CH2

CH2

H

N
+

CH3

CH3C
O CH2

CH2

H

vfyb[bc ae't

Ib

 
 
htfmwbbc itltufl [jhwbtklt,f C-H v;fdt,bc fvbyj-

vtsbkbht,f& 
vfyb[bc htfmwbbs itb’kt,f fvbyjfkrbkbc ]ueabc 

it.dfyf fhjvfnek yfthst,ib^ hjvkt,bw fldbkfl ufybw-
lbfy tktmnhjabkeh xfyfwdkt,fc^ vfufkbsfl^ sbjatyib^ 
gbhjkib^ byljkib lf c[d& 

fv upbs byljkblfy qt,ekj,ty uhfvbyc& 

N
H

+ CH2 O + NH
CH3

CH3 N
H

CH2
N

CH3

CH3

OH2-

 
lbvtsbkfvbyblfy lf ajhvfklt/blblfy ofhvjm-

vybkb rfnbjyb ehsbthsmvtlt,c byljksfy tktmnhjab-
kehb xfyfwdkt,bc htfmwbbc vtmfybpvbs& 
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fklt/blt,sfy rjyltycfwbbc htfmwbt,ib itlbfy qbf 
]fzdbfyb ~vfyb[bc htfmwbf` lf fhjvfnekb fvbyt,b& 

2&8&1& VFYB{BC HTFMWBF    

vfyb[bc htfmwbfc eojlt,ty fklt/blt,bc ~eahj 
[ibhfl ajhvfklt/blbc` ehsbthsmvtlt,fc gbhdtkfl fy 
vtjhtek fvbyt,sfy lf C-H v;fdt,sfy&  

htfmwbf vbvlbyfhtj,c v;fdf ufhtvjib itvltuyfbhfl% 
sfdbceafkb fvbyb^ hjvtkbw bv.jat,f ojyfcojhj,fib 
vfhbksfy htfubht,c xdtekt,hbdb otcbs ajhvfklt/blsfy& 

 
(CH3)2NH + H+ Í (CH3)2NH2

+ 

C O
H

H
+ NH

CH3

CH3
CH2

OH

N CH3

CH3

H
+

CH2

OH2
+

N CH3

CH3

OH2-

CH2
+

N
CH3

CH3

CH2
N

+
CH3

CH3

Ia Ib  
 
ofhvjbmvyt,f itlfht,bs vluhflb rfh,jrfnbjyb^ 

hfw fb[cyt,f lflt,bsj,bc ltkjrfkbpfwbbs& 
ofhvjmvybkb rfnbjyb ~Ib`^ ajhvfklt/blbc vcufd-

cfl^ itlbc xdtekt,hbd rjyltycfwbbc htfmwbfib^ hjujhw 
rfh,jybkehb rjvgjytynb& vtsbktyeh rjvgjytynfl 

b.tyt,ty α-o.fk,flfnjvbc itvwdtk rfh,jybkeh yfthst,c^ 
ybnhjyfthst,c^ fy/blhblt,c& htfmwbf vbvlbyfhtj,c v;fdf 
rfnfkbpfnjhbc sfyfj,bs& 

C
C

O
H

HH

C
C

OH
H

H

pH<7
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OH

[O]

O

rfn&
 

 
 eahj vrfwh gbhj,t,ib ofhvjbmvyt,f fuhtsdt  

cfofhvjj  ghjlemnb flbgbyv;fdf& 
OH

HNO3

rjyw&

O

OH
O

OH

 
sfyfehb ghjlemnt,bc cf[bs ofhvjbmvyt,f fpjnbcf 

lf yf[ibh,flbc jmcblt,b lf o.fkb& 
 

1&1&5& RFH<JYBKEHB YFTHST<BC LF:FYUDF     

 fklt/blt,b b;fyut,f 'fkbfy fldbkfl itcf,fvbcb 
v;fdt,bc ofhvjmvybs ~ghfmnbrekfl yt,bcvbthb lfv;fy-
udtkb`& cfofhvjj vybidytkj,f fmdc /fthbc ;fyu,flbs 
lf;fyudbc htfmwbt,c% 

 

[O]
CH3

H

O
CH3

OH

O

 
bybwbht,f 

CH3
H

O
R + CH3 C

O
+ RH

 
]fzdbc ufuh'tkt,f 
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+

+

CH3 C
H

O

CH3 C
O

O

O

+

CH3

C O

CH3

C O O2

CH3 C
O

O

OH

CH3 C
O

O

OH

+

CH3 C
H

O
CH3 C

OH

O
2

CH3 C
O

O

O

 
dthw[kbc jmcblbc fvbfreh [cyfhc lf  cgbkty'bc  

/blhjmcblc  b.tyt,ty fklt/blt,bc fqvjcfxtyfl% 
1.dthw[kbc cfhrbc htfmwbf% 

CH3

O

H
+ 2[Ag(NH3)2]OH CH3

O

OH
+ 2 Ag + 4 NH3 + OH2

 
2. 

+

+

CH3 C
H

O
CH3 C

OH

O

+ Cu(OH)2 2 CuOH H2O

2 CuOH Cu2O

+

H2Ot°

obstkb yfktmb

 
 

rtnjyt,b  [fcbfslt,f vluhflj,bs lfv;fyudtkt,bc 
vbvfhs ytbnhfkeh fhtib KMnO4-bc o.fk[cyfhsfy leqb-
kbcfc  fh  bwdkt,f^ [jkj nent lf v;fdf fhtib b;fyut,f 
js[b c[dflfc[df  v;fdfc  ofhvjmvybs ~gjgjdbc otcb`& 
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htfmwbf w[bvjdfy ybnhjyfthst,sfy& ybnhj]ueab ‘kbthb 

tktmnhjyjfmwtgnjhbf^ hfw ufyfgbhj,t,c α-o.fk,flfnj-
vt,bc htfmwbbc vfqfk eyfhc& 

CR

H

H

N
+

O
-

O
α

 
fvfcsfy lfrfdibht,bs w[bvjdfyb ybnhjyfthsb rjy-

ltycfwbbc htfmwbt,ib ofhvjflutyc vtsbktyeh rjvgjytync 
~C-H v;fdf`& 

htfmwbf vbvlbyfhtj,c ‘kbthb nenbc sfyfj,bcfc 
itvltub vtmfybpvbs%    

OH
- + H N

+
O

O
- OH2

CH2
-

N
+

O

O
-

CH2
-

N
+

O

O
-

O

H
+

O
-

N
+O

O
- OH

-
-

+ OH2

- OH2

 
   

 

OH

N
+O

O
-

NaOH OH

CH N
O

O
-

Na
+

NaClClH+ -

CH
OH

CH N
OH

O
-

CH
OH

CH2 N
O

O
-

OH2

CH

CH N
O

O
-

- OH2

-

 

2&8& FVBYT<BC RJYLTYCFWBF 
FKLT/BLT<SFY   
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C O
H

H

+

OH
-

C O
H

H

+

C
OH

H

H O
- +C O

-
H

H
H

C
OH

O

H

C
OH

H
H O

-

+C OH

H

H
H C

O
-

O

H
 

fv htfmwbbc lhjc thsb vjktrekf fklt/blb 
b;fyut,f^ [jkj vtjht rb – fqlut,f& t& b& rfybwfhjc htfmwbf 
vbtresdyt,f lbcghjgjhwbjybht,bc htfmwbfc& 

fcts rjyltycfwbfib vjyfobktj,ty ,typjv;fdfc^ 
nhbvtsbk’vfhv;fdfc^ zbfyzdtkv;fdfc fklt/blt,b& rfybwf-
hjc htfmwbbsff ufvjodtekb bc afmnbw^ hjv 
fwtnfklt/blbcf lf ajhvfklt/blbc rjyltycfwbbc ghj-
lemnb - fknhbjkb^ hjvtkbw fkljkehb rjyltycfwbbc 
vtmfybpvbs vbbqt,f^ rdkfd itlbc [tkf[fk rjyltycfwbbc 
htfmwbfib ~fkljkehb rjyltycfwbbc htfmwbf b[& ud& 38` lf 
ofhvjmvybc js[fnjvbfy cgbhnc - thbnhbnc& 

O

H
HOH2C
HOH2C

HOH2C

+ O
H

H

OH
- OH

HOH2C
HOH2C

HOH2C

thbnhbnb
 

2&7&    FHJVFNEKB FKLT/BLT<BC 
RJYLTYCFWBF  YBNHJYFTHST<SFY     
rkfbpty-ivblnbc htfmwbbc ~ud& 39` fyfkjubehfl 

vbvlbyfht,c fhjvfnekb fklt/blt,bc rjyltycfwbbc 
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O

CH3 C3H7

6 [O]+
H

O

OH

+

C3H7

O

OH

CH3

O

OH
C2H5

O

OH

+ +

+
 

 
 

1&2& FQLUTYBC HTFMWBT<B 
 fqlutybc htfmwbt,ib^ hjvkt,cfw  fmds  ghfmnb-

rekb  ufvj.tyt,f^ vbvlbyfhtj,c o.fk,flfnjvt,bc hfjlt-
yj,bc ufphlf^ fy ;fyu,flfnjvt,bc itvwbht,f& ghfmnbrekfl 
fqlutyf .dtkf  itvs[dtdfib  [jhwbtklt,f  bv futynt,bc 
vjmvtlt,bs^ hjvkt,bw bsdkt,bfy  rfhu  
tktmnhjyjljyjht,fl lf fqcfluty yfthst,c f'ktdty 
tktmnhjyt,c^ fy o.fk,flbc fnjvt,c& 

 jhufyek cbystpib fqvlutykt,fl ufvjb.tyt,f% 
fnjvehb o.fk,flb^ nent lf nent vbofsf vtnfkt,b* vfsb 
[cyfht,b  fvbfrib  lf fvfkufvt,b Na/NH3, Na/Hg, Mg/Hg* 
fuhtsdt c[df  vtnfkt,b^  hjvkt,bw  f'tdt,ty  o.fk,flc  
v;fdt,blfy  lf ae'tt,blfy ~Al, Sn, Fe, Zn`* fkevbybcf lf 
,jhbc rjvgktmcehb /blhblt,b* bjlo.fk,flv;fdf HI^ /bl-
hfpbyb lf c[df& 

 jhufyek cbystpib [ibhfl ufvjb.tyt,f o.fk,flbs 
fqlutyf  vbcb ufvj.jabc vjvtynib^ hjvtkbw vbbqt,f vtnf-
kt,pt  v;fdfc vjmvtlt,bs& fv itvs[dtdfib fqlutybcfsdbc 
qt,ekj,ty  itvltu  cbcntvfc% rfkf lf vfhbkv;fdf^ sesbf- 
vfhbkv;fdf^ hrbyf  lf  vfhbkv;fdf^ hrbyf lf 'vfhv;fdf& 

 e]thb yfthst,bc /blhbht,f eahj [ibhfl ofhvj-
t,c  rfnfkbpfnjhbc sfyfj,bs& fv ghjwtcc f[fcbfst,c 
vcdktkj,bc cgtwbabrehj,f  lf  lblb cfofhvjj vybidyt-
kj,f fmdc& fvfcsfy  lfrfdibht,bs  fqlutybc  cfthsj vtsj-
lt,blfy wfkrtf ufvj.jabkb rfnfkbpehb fqlutyf& rfnf-
kbpehb  /blhbht,bc lhjc afhsjl ufvjb.tyt,f vjktre-
kehb o.fk,flb& 
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rfnfkbpfnjht,fl ufvjb.tyt,f%  gkfnbyf^  gfkflb-
evb^  ybrtkb^ cgbkty'b lf c[df& gkfnbyf .dtkfpt  fmnbehb  
rfnfkbpfnjhbf^  vfuhfv trjyjvbehb sdfkcfphbcbs lbl 
ufvj.tyt,fc gjekj,c ybrtkb& 

ofhvjt,fib lblb ufvj.tyt,f fmdc htytbc 
rfnfkbpfnjhc^  hjvtkbw ofhvjflutyc nenbs lfveif-
dt,ek ybrtkbcf lf  fkevbybc  ityflyj,c  lf [fcbfslt,f 
lblb fmnbehb ptlfgbhbs& vjktrekehb o.fk,flbs 
rfnfkbpehb /blhbht,f ufvjb.tyt,f 'bhbsflfl yf[ibh-

o.fk,flt,ib π-,vbc  fqlutybcfsdbc& 
mdtvjs ufyb[bkt,f fqlutybc htfmwbt,b jhufyekb 

yfthst,bc 'bhbsflb rkfct,bc vb[tldbs&  
 

1&2&1& FKRTYT<BCF LF FKRBYT<BC FQLUTYF  

 fkrtyt,bc  fqlutyf  itb'kt,f  xfnfhltc  yfnhbevbc  
fvbfrehb [cyfhbs% vtsbkbc^ tsbkbc cgbhnbc fy rfkwbevbc  
fvbfrfnbc  sfyfj,bcfc% 

 

CH3 CH2
CH3

CH3 CH3
CH3

Ca(NH3)2

Na/ NH3

-2
-1 -2

-3
CH3 CH2

CH3 CH3
Ca(NH3)2

Na/ NH3

-2
-1 -2 -3

 
 
ufycfpqdhts .jdtkb fnjvbc ;fyudbsb hbw[db 

itvltu yfthst,ib% f`  1- ,entyb^ ,` 1-mkjh-2-,entyb^ u` 2-
mkjh-2-,entyb& 

 fkrbyt,bc fqlutyf itb'kt,f yfobkj,hbd -jhvfu 
,vfvlt lf chekfl thsvfu ,vfvlt% 

C C CH CH CH2 CH2
2 H 2 H

 
fqcfybiyfdbf^ hjv fkrbybc vjktrekbc /blhbht,f 

[lt,f cnthtjctktmbnehfl& [ibhfl fnfht,ty yfobkj,hbd  
fqlutyfc&  yfnhbevbc fvbfrfkehb  [cyfhbs  fqlutybc  
itvs[dtdfib ofhvjbmvyt,f nhfyc-lbxfyfwdkt,ekb tsbkt-
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vcufdc yfthst,c ,typjbyt,b tojlt,fs& htfmwbf 
vbvlbyfhtj,c cgtwbabrehb rfnfkbpfnjhbc – wbfyblbjybc 
sfyfj,bcfc&  

O

H
2

C
-

N
OH2

C2H5OH

C

O

C

OH

H

,typjbyb
 

 
 
 

2&6& LBCGHJGJHWBJYBHT<BC HTFMWBF 
rfh,jybkeh yfthst,c ;fyudbsb [fhbc[bc vb[tldbs 

ezbhfds iefktlehb vlujvfhtj,f cgbhnt,cf lf v;fdt,c 
ijhbc& fvbnjv vfs ite’kbfs vjyfobktj,f vbbqjy 
lbcghjgjhwbjybht,bc htfmwbfib^ hjvkbc lhjcfw thsb 
vjktrekf b;fyut,f^ [jkj vtjht fqlut,f& htfmwbf 
itcf’kt,tkbf b.jc vjktrekfsijhbcb lf iblfvjktre-
kehb& 

2&6&1&   RFYBWFHJC HTFMWBF 

fklt/blt,b^ hjvkt,bw fh itbwfdty rfh,jybkbc 

vtpj,tk α-o.fk,flfnjvt,c^ nentt,sfy ehsbthsmvtlt-
bcfc ofhvjmvybfy 1 vjk cgbhnc lf 1 vjk v;fdfc ~vfhbkbc 
cf[bs`& 

tc ghjwtcb wyj,bkbf^ hjujhw rfybwfhjc htfmwbf& 
htfmwbbc vtmfybpvb t.hlyj,f yerktjabkeh vbthst,fc^ 
vfuhfv vjbwfdc /blhblbjybc vbuhfwbfcfw%  
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2&4& HSEKTSTHJDFYB ~NBITYRJC` 
RJYLTYCFWBF 

fklt/blt,bc hsektsthjdfyb ~nbityrjc` rjylty-
cfwbf vbvlbyfhtj,c fkevbybc fkrj/jkfnbc sfyfj,bcfc% 

CH3 C
O

H
+ CH3C

O

H
CH3 O CH3

O

'vfhv;fdftsbkbc tsthb

Al(OC2H5)3

 
htfmwbbc vtmfybpvb itb’kt,f ofhvjlubyltc itvltub 

cmtvbc vb[tldbs% 

+R C
O

H
Al(OC2H5)3 R C

+ O
H

Al(OC2H5)3

R C
O

H
+ R C

+ O
H

Al(OC2H5)3

R

C O
H

Al(OC2H5)3R C
+ O

H

R

C OR CH2 O Al(OC2H5)3+
 

fkevbybc ehsbthsmvtlt,f fklt/blbc ;fyu,fl-
fnjvsfy vybidytkjdyfl phlbc rfh,jybkbc yf[ibh-
,flfnjvbc tktmnhjabkehj,fc^ hfw [tkc eo.j,c rjylty-
cfwbbc ofhvfhsdfc& 

2&5& <TYPJBYEHB RJYLTYCFWBF 
,typjbyehb rjyltycfwbf vbvlbyfhtj,c jh vjktre-

kf fhjvfnek fklt/blc ijhbc^ hbc itltuflfw vbbqt,f α-
jmcbrtnjyb% 

Ar CH C Ar

OH O
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yb^ [jkj /blhfpbybs fqlutybcfc  lf  rfnfkbpehb /blhb-
ht,bs vbbqt,f  wbc-  lbxfyfwdkt,ekb  tsbktyb&  /blhfpb-
ybs fqlutybc itvs[dtdfib lfv;fyudtkbc  sfyfj,bs^  ofh-
vjmvybkb  lbbvblb uflfcwtvc sfdbc jh o.fk,flc fkrbybc 
yf[ibh,flbc fnjvt,c% 

 

C

C

C6H5

C6H5

N

N

H

H

+
N

N

H

H

C

C
H5C6

H5C6
C

C
H5C6

H5C6

H

H

+
N

N

 
 
 Na/NH3-bs fqlutybc itvs[dtdfib tktmnhjyt,b^ 

hjvkt,bw  ofhvjbmvyt,bfy yfnhbevbc  uf[cybs  s[tdfl  
fvbfrib^  ethslt,bfy  cfvvfu ,vfc^ ofhvjmvybkb chekb 
efh.jabsb ve[nt,b thsvfytsc ufypblfdty  lf 
ufykfult,bfy nhfyc-vlujvfhtj,fib& 

Na/ NH3
CCR R1 C

-
C

-

R

R1

 
itvltu [lt,f fvbfrblfy ghjnjybc vbthst,f bctd 

nhfyc- ajhvfib%   

C
-

C
-

R

R1

+
2 H

+

2 NH3

CC

R

R1

H

H

2 NH2
+

 
 fkrtyt,bcf lf fkrbyt,bc fqlutybc htfmwbbc vtmf-

ybpvb hsekbf lf ,jkjvlt fh fhbc itcofdkbkb& 
 

1&2&2& FKRFLBTYT<BC FQLUTYF    

fqlutybc ghjwtcb vybidytkjdyfl fldbklt,f^ se 
yfthsib fhbc iteqkt,ekb jhvfub ,vt,b& vfu& iteqkt,ekb 
fkrflbtyt,b fldbkfl  fqlut,bfy yfnhbevbc fvbfrfkehb 
[cyfhbs& fqlutyf vblbc 1^4  vlt,fhtj,fib% 
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CH2 CH2
CH3 CH3

Na/ NH3-2
-1

-3

-2

-1

-3
-1

-1

1^4-vbthst,f
 

1^3-,enflbtybc vjktrekfib π-,vf gjkfhbplt,f 
tktmnhjabkehb lf yerktjabkehb yfobkfrt,bc vjmvt-
lt,bs lf ]fzdbc  ,jkjt,pt  ofhvjbmvyt,f  jhb htfmwbekb 
wtynhb&  

CH2

CH
CH

CH2

 
fvbs fb[cyt,f ,enflbtyib 1^4 vlujvfhtj,bc vfqfkb 

htfmwbbceyfhbfyj,f& 
htfmwbbc vtmfybpvb itb'kt,f ufy[bkek bmyfc 

hjujhw bjyehb& gbhdtk cnflbfpt ths-thsb yf[ibh,flbc 
fnjvb^ hjvtkbw itlbc  iteqkt,ek cbcntvfib^ b'tyc 
ghjnjyc ufv[cytkblfy lf ofhvjmvybc rfh,jrfnbjyc% 

 

CH2

CH
CH

CH2 H
++ CH2

CH
CH

+
CH3

CH2
+

CH
CH

CH3

 
 
 fvbfrbc s[tdfl [cyfhib nent vtnfkt,b  b'ktdbfy  

rfnbjyt,c  lf tktmnhjyt,c% 

2 Na → 2 Na+ + 2 e 
 ofhvjmvybk rfh,jrfnbjyc ethslt,f vtnfkblfy 

vbqt,ekb jhb tktmnhjyb lf ghjnjyb ufv[cytkblfy% 
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2&3& HSEKTSTHJDFYB ~RKFBPTYBC` 
RJYLTYCFWBF 

CH3 C
O

O C2H5

2
C2H5O

- C2H5OH CH3
C

O

O
C2H5

O

fwtnj'vfhv;fdf tsbkbc tsthb
 

rjyltycfwbbc htfmwbbc vtmfybpvb itb’kt,f fct 
ofhvjdblubyjs% fkrj/jkfnbc ufdktybs ‘vfhv;fdf 
tsbkbc tsthb ofhvjmvybc kbsjyjhufyek rjvgktmcc% 

CH3 C
O

O C2H5

C2H5O+ Na
+ CH2

-
C

O

O C2H5

Na
+

CH2 C
O

-

O C2H5

Na
+

- C2H5OH

 
ofhvjmvybkb rfh,fybjyb^ hjujhw yerktjabkb^ 

vbbthst,c rbltd ths vjktrekf tsbkfwtnfnc% 

CH3 C
O

O C2H5

+

- C2H5OH

CH2
-

C
O

O C2H5

CH2 C

O

O C2H5

CH3 C

O
-

OC2H5

CH2 C

O

O C2H5

CH3 C

O

fwtnj'vfhv;fdf tsbk tsthb
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CH3O
O

OH

H
OH2

CH3

O OH

O

H
OH + CH3COOH

OH2

 
itvlujv vbvlbyfhtj,c o.kbc vj[ktxf lf fy/blhb-

lekb ]ueabc /blhjkbpb% 

CH3O
O

OH

H
OH2

CH3

O OH

O

H
OH + CH3COOH

OH2

 
gthrbybc htfmwbfib c[dflfc[df fklt/blbc fmnbehj-

,f fh fhbc thsyfbhb% njkejkfklt/blt,b yfrkt,fl 
htfmwbbceyfhbfyt,b fhbfy^ dblht ,typfklt/blb^ [jkj j-
bjl,typfklt/blb rjyltycbhlt,f ‘vfhfy/blhblsfy eahj 
fldbkfl& 

gthrbybc htfmwbfib itlbfy 1-yfasfklt/blb^ aeh-
aehjkb^ 2-sbjatyfklt/blb lf c[df /tnthjwbrkehb 
fklt/blt,b& 

?
 

lfothts ptvjs xfvjsdkbkb fklt/blt,bc 
‘vfhv;fdf fy/blhblsfy rjyltycfwbbc htfmwbt,b& 
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CH3

CH
CH

CH3

CH2
+

CH
CH

CH3
2e+ CH2

-

CH
CH

CH3

H
++

 
 
 
 

1&2&3& FHTYT<BC ~FHJVFNEKB 
YF{IBHO>FK<FLT<BC` FQLUTYF       

 vrdtshfl  ufvj[fnekb fhjvfnekj,bc ufvj ,typj-
kbc fqlutyf  vbvlbyfhtj,c  cgtwbabreh  gbhj,t,ib  
1^4-wbrkj/tmcflbtybc  ofhvjmvybs ~lf,fkb ufvjcfdfkb-
fyj,bs`& 

ofhvjt,fib fuhtsdt cgtwbabreh gbhj,t,ib nfhlt,f 
,typjkbc chekb /blhbht,f& 

+ H23
rfn&

 
htfmwbbc ufvjcfdfkb lf,fkbf& fctsb upbs vbqt,ek  

wbrkj/tmcfyc f[fcbfst,c vfqfkb  cbceasfdt^  hfw  
ufyfgbhj,t,c  vbc  ufvj.tyt,fc cgtmnhjajnjvtnhbfib& 

,typjkbcfufy ufyc[dfdt,bs yfasfkbyb fldbkfl 
ufybwlbc /blhbht,fc o.fk,flbs& yfasfkbybc /blhbht,bc 
htfmwbf vbvlbyfhtj,c  rfnfkbpfnjhbc ufhtit lf cbs,jc 
ufvj.jabs& vbthst,f vblbc 1^4-vlt,fhtj,fib& fvbs lflfc-
nehlf yfasfkbybc vtnb lbtyehj,f lf yfrkt,b  fhjvfne-
kj,f ,typjksfy itlfht,bs& 

+ 2H
bpjvthbpfwbf

1^4-lb/blhjmcbyfasfkbyb 1^2-lb/blhjmcbyfasfkbyb  
 
 yfasfkbybc rfnfkbpehb /blhbht,bs vbbqt,f 

ntnhfkbyb lf ltrfkbyb^ hjvkt,bw ntmybrfib 
ufvjb.tyt,bfy^ hjujhw ufv[cytkt,b& 
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ntnhfkbyb

ltrfkbyb

2 H2

5 H2

 
 
 
 

1&2&4& RFH<JYBKEHB YFTHST<BC FQLUTYF    

 rfh,jybkehb yfthst,bc fqlutyf vbvlbyfhtj,c 
c[dflfc[df  vbvfhsekt,bs& 'bhbsflfl tc lfrfdibht,ekbf 
fqvlutytkbc vbth rfh,jybkbc ]ueabcfsdbc  ufwtvekb 
tktmnhjyt,bc hfjltyj,fpt& 

 
სქემა 7 

e+ C O C O
- C O

-

C O
-

2H
+ C OH

C OH

I II III
 

 
 thsb  tktmnhjybc  vbthst,bc  itvs[dtdfib ~სქემა 7` 

ofhvjbmvyt,f fybjy-hflbrfkb +^ hjvtkbw itvltu lbvthbp-
lt,f  ++  lf  ofhvjbmvyt,f ukbrjkb +++& 

2e + O C
-

O
-

CH OH
 2H

++

IV V
 

 

41 

vtsbktyehb rjvgjytynbc hjkc fv htfmwbfib fche-
kt,c rfh,jyv;fdfc fy/blhblb& rjyltycfwbbc ‘bhbsfl futy-
nt,fl b.tyt,ty rfh,jyv;fdfsf nent vfhbkt,c^ vtcfvtek 
fvbyt,c^ fy rfkbevbc rfh,jyfnc&  

,typfklt/blbc uf[eht,bs ‘vfhv;fdf fy/blhblsfy 
yfnhbevbc fwtnfnbc^ fy gjnfibc sfyfj,bcfc ofhvjbmvyt,f 
lfhbxbyv;fdf& 

O

H +
CH3

O

O
CH3

O

CH3COONa

+
CH3

O

OH

lfhbxbyv;fdf

O

OHH

 
htfmwbbc vtmfybpvb itb’kt,f ofhvjlutybkb bmyfc 

itvltuyfbhfl% fwtnfnfybjyb ~CH3COO-` bthst,c ‘vfhv;f-
dfc fy/blhblbc vtsbkbc ]ueabc o.fk,flc^ hbc itltuflfw 
ofhvjbmvyt,f vtpjvthekb rfh,fybjyb ~vtsbktyehb rjv-
gjytynb`& 

+
CH3

O

O
CH3

O

CH3

O

O
- CH3COOH-

CH2
-

O CH3

O O  
erfyfcrytkb ethslt,f fklt/blbc rfh,jybkbc ]ue-

abc yf[ibh,fl fnjvc& 

+
O

H
CH2

-
O CH3

O O O
CH3O

O

O
-

H

 
 
rjyltycfwbbc ghjlemnbc fybjyb bthst,c ‘vfhv;fdfc 

ghjnjyc^ hbc itltuflfw [lt,f rfnfkbpfnjhbc 
htutythfwbf ~CH3COO- `& 
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htfmwbbc itvlujv cfat[ehpt fklt/blsfy ehsbthsmvtlt,c  
fkljkehb rjyltycfwbbc vtmfybpvbs& 

 

CH2

COOC2H5

COOC2H5

NH3

NH4
+

+

-
CH

-
COOC2H5

COOC2H5

C
O H

+ CH
-
COOC2H5

COOC2H5

CH
COOC2H5

COOC2H5

C
O

-

H

- CH3COO -

C COOC2H5

COOC2H5

C

OH

H

HOH2+

OH2-

CC

H

H

C

O

OH

2

-2  C2H5OH

CH3COOH+

C COOH

COOH

C

H

- CO2

 
 

2&2&3& GTHRBYBC RJYLTYCFWBBC HTFMWBF    

 
rjyltycfwbbc htfmwbt,c ijhbc vybidytkjdfyb flub-

kb erfdbf fhjvfnekb fklt/blt,bc rjyltycfwbfc v;fdfsf 
fy/blhblt,sfy& 
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jhb tktmnhjybc vbthst,bc itltufl  ofhvjbmvyt,f  
lbfybjyb  +|^ hjvtkbw ufv[cytkc fhsvtdc o.fk,flbc 
bjyt,c lf ufhlfbmvyt,f cgbhnfl |& fqlutybc vbvfhsekt,f 
lfvjrblt,ekbf rfh,jybkehb yfthsbc ,eyt,fpt lf 
htfmwbbc gbhj,t,pt ~vtnfkb^ ufv[cytkb^ vtnfkbcf lf  
rfh,jybkehb yfthsbc ehsbthsitafhlt,f`& 

 ghjnjybs vlblfh ufv[cytkt,ib ~o.fkb^ cgbhnb^ 
nent^ ufypfdt,ekb v;fdf` fklt/blt,bcf lf  rtnjyt,bc  
fqlutyf [lt,f cgbhnt,fvlt& gbyfrjyt,bc ofhvjmvyf 
itcf'kt,tkbf^ hjwf fqlutyf  vbvlbyfhtj,c vtnfkt,bc 
fvfkufvt,bs^ fy vtnfkt,bc [cyfht,bs tsthib^  lbjmcfyib 
lf c[df ghjnjyitvwdtk ufv[cytkt,ib& 

 fv lhjc vtjhtekb cgbhnb^ hjujhw otcb^ fh 
ofhvjbmvyt,f& 

C
O

CH3

CH3
C

O
CH3

CH3

C

O
-

CH3

CH3

+ C
O

-
CH3

CH3

Mg
2+

C

O
-

CH3

CH3

C

O
-

CH3

CH3

Mg
2+

C

OH

CH3

CH3

C

OH

CH3

CH3
2H2O

Mg(OH)2

 
f[ctybs fqybiyekb  htfmwbf  ;fyudf-fqlutybc  

sdfkcfphbcbs  lf exdtyts fqt,ekb lf vbqt,ekb yfth-
st,bc fnjvsf ;fyudbsb hbw[dt,b& 

rfh,jybkehb yfthst,b fldbkfl  fqlut,bfy  cgbh-
nt,fvlt vtnfksf /blhblt,bc vjmvtlt,bs rfhub ufvjcfd-
kbfyj,bs&  

c[df vtsjlt,sfy itlfht,bs rjvgktmcehb /blhb-
lt,bs fqlutyfc vstkb hbub  egbhfntcj,f  fmdc& tc htfmwbf 
vblbc 'fkbfy h,bk  gbhj,t,ib lf  vfqfkb  ufvjcfdkbfyj-
,bs [fcbfslt,f&  ufhlf  fvbcf  vybidytkjdfybf  bcbw^  hjv 
vtnfkt,bc /blhblt,bs 'fkbfy rfhufl itb'kt,f xfnfhltc 
v;fdt,bcf  lf vbcb yfrkt,fl fmnbehb yfofhvt,bc vfufkb-
sfl^ rfh,jyv;fdt,bcf lf  vbcb  hsekb  tstht,bc fqlutyf&  
vtnfkbc  /blhblb  fhbc /blhbl-bjyt,bc  ljyjhb&  ufycf-
resht,bs  fldbkfl  uflffmdc  /blhblbjyt,b  rfh,jybkbc  
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]ueapt  kbsbevbc  fkevj/blhblcf  lf kbsbevbc ,jh-
/blhblc* vfufkbsfl% 

Li
+ Al

-
H

H

H

H

C O+ C O
-

H

[AlH3Li]
+

 
 
 fctsbdt upbs itlbc htfmwbfib fkevbybc /blhblbc 

lfyfhxtyb o.fk,flbc  fnjvt,b t&b& fkevj/blhblbc thsb  
vjktrekf  fqflutyc  js[  vjktrekf rfh,jybkeh yfthsc% 

Li
+ Al

-
H

H

H

H
C O+ 4 Al

-
O

CH
O

CH

O

O

CH

CH

Li
+

 
 
kbsbevbcf  lf  fkevbybc ofhvjmvybkb  rjvgktmce-

hb  fkrj/jkfnb itvltu ufybwlbc /blhjkbpeh uf[ktx-
dfc& 

Li[Al(OCH=)4] + 4 H2O → 4 =CH-OH + LiOH + Al(OH)3 
lblb vybidytkj,f tybzt,f rfh,jybkehb yfthst,bc^ 

rth'jl^ fklt/blt,bcf lf rtnjyt,bc fqlutyfc eiefkjl 
yf[ibho.fk,flt,fvlt&  fvbcfsdbc fhct,j,c jhb 'bhbsflb 
vtsjlb% 

 1`  fvfkufvbht,ekb  sesbbsf  lf rjyw& HCl-bs fq-
lutyf   ~rktvtyctybc vtsjlb`& 

 2` /blhfpbybsf lf 'kbthb  ae'bs  ~KOH  fy  
vtcfvtekb  ,enbkbc cgbhnbc rfkbevbc vfhbkb` fqlutyf 
~rb;yth-djkabc vtsjlb`& 

 gbhdtkb vtsjlbs [lt,f eiefkjl rfh,jybkbc 
]ueabc yf[ibho.fk,flt,fvlt fqlutyf^ [jkj vtjht 
vtsjlb rb tresdybc  udthlbsb  fqlutybc vtsjlc^ hflufyfw 
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2&2&1& RKFBPTY-IVBLNBC RJYLTYCFWBBC HTFMWBF 

htfmwbf vbvlbyfhtj,c fhjvfnek fklt/blcf lf 
rtnjyc ijhbc&  rtnjyb ofhvjflutyc vtsbktyeh 
rjvgjytync& htfmwbf vbvlbyfhtj,c fkljkehb 
rjyltycfwbbc vtmfybpvbs& 

O

+ CH3 CH3

O

OH
- CH3

OOH

H
+ OH2-

CH3

O

 
 

 

?
 

ofhvjmvybk ,typfkfwtnjybc vjktrekfc fmdc 
fmnbehb CH3  ]ueab& fvbnjv htfmwbf  itcf’kt,tkbf 
rdkfd ufuh’tkltc&  
lffchekts itvltub htfmwbf% 

O
+

O

OH
-

?

 
 

 
 
 

2&2&2& RYTDTYFUTKBC RJYLTYCFWBBC HTFMWBF    

rytdtyfutkbc rjyltycfwbbc htmwbfib ehsbth-
mvtlt,ty C-H v;fdf sdbct,bc vmjyt lbrfh,jyv;fdt,b lf 
fhjvfnekb fklt/blt,b& lbrfh,jyv;fdf htfmwbbc gbhdtk 
cfat[ehpt htfmwbfib itlbc  ‘kbth yerktjabksfy lf 
ofhvjmvybc vtsbktyeh rjvgjytync& tc erfyfcrytkb rb  
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?
 

ufb[ctyts OH ]ueabc ufdktyf fhjvfnek ,bhsdpt& 

 
v[jkjl zbfyzdtkv;fdf fklt/blc ite’kbf rjylty-

cfwbbc htfmwbfib bcfhut,kjc vtsbktyehb rjvgjytynbc 

.dtkf α-o.fk,flfnjvbs ~.dtkf ptvjs vj.dfybk vfufkbs-

ib vjyfobktj,lf v[jkjl thsb α o.fk,flfnjvb`& 

CH2 O

CH2 O

CH2 O

C C

OH

H

H

H

OH
- OH2

CH2 C C

OOH CH2

OH

CH2
OH

H

  
fv cnflbfpt htfmwbf fh xthlt,f& 

tc fhbc v[jkjl gbhdtkb cfat[ehb& chekb htfmwbf 
ufyb[bkt,f rfybwfhjc htfmwbbc ufy[bkdbcfc&  

 

?
 

lffchekts htfmwbf% 

CH2 O6 + CH3
C

CH3

O

?
 

fv htfmwbfib vjyfobktj,c fwtnjybc .dtkf^ tmdcbdt α 
o.fk,flfnjvb& 

 
 
 
ithtek rjyltycfwbfc vbtresdyt,f% rkfbpty-ivbl-

nbc ~fhjvfnekb fklt/blt,bcf lf rtnjyt,bc ehsbths-
mvtlt,f`^ rytdtyfutkbc ~fhjvfnekb fklt/blt,bcf lf lb-
rfh,jyv;fdt,bc ehsbthmvtlt,f` lf gthrbybc ~fhjvfnekb 
fklt/blt,bcf lf v;fdfsf fy/blhblt,bc ehsbthsmvtlt,f` 
htfmwbt,b& 
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fv itvs[dtdfib ghfmnbrekfl fqlut,f itcf,fvbcb 
/blhfpjyb^ hjvtkbw sfdbc v[hbd ofhvjbmvyt,f 
/blhfpbybcf lf  rfh,jybkehb yfthst,bc vjmvtlt,bs& 

 rktvtyctybc vtsjlbs [lt,f fkbafnehb^ 
fkbwbrkehb lf  fhjvfnekb fklt/blt,bcf lf rtnjyt,bc  
fqlutyf  yf[ibho.fk,flt,fvlt&  fqlutybc vtsjlb 
vlujvfhtj,c rfh,jybkehb yfthsbc uf[eht,fib sesbbc 
vndthsfy^ fy fvfkufvbht,ek sesbfcsfy rjyw& 
vfhbkv;fdfib& 

C O +2 Zn +4 H
+

C
H

H
+ Zn

2++ OH2

+2 -2

 
fqybiyekb vtsjlbs vbbqt,f fwtnjatyjyb tsbk-

,typjkblfy& 
 nent fy ytbnhfkeh ufhtvjib fqybiyekb vtsjlbs 

vbbqt,f  cgbhnt,b^ [jkj 'kbth v;fdf ufhtvjib rb - 
yf[ibho.fk,flt,b& tc fb[cyt,f bvbs^ hjv rfh,jybkeh 
yfthst,c cfhtfmwbj  fhtcsfy  lfvjrblt,ekt,bs^ ite'kbfs 
sesbfcsfy  ofhvjmvyfy  rjvgktmyfthst,b^  hjvkt,bw  
itvltu ufybwlbfy c[dflfc[df ufhlfmvyt,c& fv vbptpbs 
fb[cyt,f  bc  afmnbw^ hjv htfmwbbc vbvlbyfhtj,bc lhjc 
vybidytkjdfyb hfjltyj,bs  ofhvjbmvyt,f udthlbsb 
ghjlemnt,b ~gbyfrjyt,b^ cgbhnt,b^ jktabyt,b`& 

 rktvtyctybc vtsjlbc efh.jabsb v[fhtf fuhtsdt 
bcbw^ hjv  htfmwbf vbvlbyfhtj,c [fhuh’kbdb lhjbc ufy-
vfdkj,fib lf rfh,jybkehb  yfthsbc chekb fqlutyf vfbyw 
fh [lt,f& fqybiyekb vtsjlbs w[bvbc hbubc fklt/blt,b lf 
rtnjyt,b fldbkfl fqlut,f^ [jkj lbfhbkrtnjyt,b rb 
welfl& 

 rb;yth-djkabc vtsjlbs fklt/blt,b lf rtnjyt,b 
]th uflflbfy itcf,fvbc /blhfpjbjyt,ib^ hjvtksf uf[e-
ht,bs  200 °C-pt  ~fdnjrkfdt,ib` yfnhbevbc^ fy yfnhbevbc 
fkrj/jkfnbc sfyfj,bcfc ghjwtcb  vbvlbyfhtj,c itvltu-
yfbhfl% 

C
NR

R

NH2

RONa
CH2R

R

+ N2
+2

-2
-2 -2 0
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fv htfmwbbc lhjc cfzbhjf vfqfkb oytdf& 

2 N-2 -4e → N2
0 

C+2 + 4e → C-2 

 

 

1&2&5& YBNHJYFTHST<BC FQLUTYF    

lblb vybidytkj,f fmdc ybnhjyfthst,bc fqlutyfc& 
bvbc vb[tldbs^ se hjujhb gbhj,t,bf itmvybkb fqlut-
ybcfsdbc^ itcf'kt,tkbf  c[dflfc[df iefktlehb yfofhvt,bc 
vbqt,f& ybnhjyfthst,bc fqlutyfc  fofhvjt,ty vtnfkt,bs 
c[dflfc[df ufhtvjib& v;fdf^ nent  lf  ytbnhfkeh  ufhtvj-
ib htfmwbfc itvltub cf[t fmdc& 

vfhnbdb cmtvf%       

   ArNO2 → ArNO → ArNHOH → ArNH2   
nent ufhtvjib htfmwbf vbvlbyfhtj,c itvltuyfb-

hfl% 

N
+

O
-

O

N N
+

O
- N N

N N
H H

NH2

H
+

NH2 NH2

 
htfmwbbc gbhdtk cnflbfpt bo.t,f  bthbib  fqvlut-

ytkbc  tktmnhjyt,bs ybnhj]ueabc lflt,bsfl lfve[ne-
kb fpjnbc fnjvpt& 
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fmtlfy ufvjvlbyfhtj,c^ hjv rtnjyt,bc lf fklt/b-
lt,bc rjyltycfwbbc lhjc fklt/blb .jdtksdbc rfh,jyb-
kehb rjvgjytynbf&  

c[dflfc[df fklt/blt,bc rjyltycfwbbc lhjc 
thsvfytssfy yfrkt,fl xfyfwdkt,ekb fklt/blb .jdtk-
sdbc rfh,jybkehb rjvgjytynbf& 

 

?
 

fklt/blt,bcf lf rtnjyt,bc rjyltycfwbbc lhjc 
fklt/blpt rtnjyc hfnjv evfnt,ty odts-odtsj,bs( 

 

?CH3 C

O

H
+ CH3

C
CH3

O
OH

-

CH CH2

CH3

CH3 C

O

H

CH3 C

O

H
+ OH

-

?

 
zbfyzdtkv;fdf fklt/blc fh uffxybf α- o.fk,fl-

fnjvb^ fvbnjv rjyltycfwbbc htfmwbfib bub vjyfobktj,c 
hjujhw rfh,jybkehb rjvgjytynb&  

fqcfybiyfdbf^ hjv zbfyzdtkv;fdf fklt/blb bvltyfl 
‘kbthb rfh,jybkehb rjvgjytynbf ~b[& vorhbdb` hjv itlbc 
htfmwbfib yfrkt,fl ‘dhflb o.fk,flbc fnjvt,bc vmjyt 
yfthst,sfy& fvbc rkfcbreh vfufkbsc ofhvjflutyc atyjk-
ajhvfklt/blehb abcbc cbystpb ~gjkbrjyltycfwbbc htfm-
wbf`& 

H
OH

H

H O

HH

OH

H

H
OH

OH

H

H
OH OH

H

H
OH

H

H

H 'dhflb o.fk,flfnjvt,b  
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CH2 C

O

HCH3

OH
-

CH2
C

CH
C

O

H
OH

H
CH3

CH3

OH2-

2-vtsbk-3-gtynfyjkfkb

CH2
C

C
C

O

H

H

CH3 CH3

2-vtsbk-3-gtntyfkb

2

 

OH2-

4-vtsbk-3-gtnty-2-jyb

2
CH3

C
CH3

O
Ca(OH)2

CH3

C
CH2

C
CH3

O

OH

CH3

CH3
C

CH
C

CH3

OCH3

 

2 CH
C

H

O

CH3

CH3

OH
-

?

   
 

2&2& ITHTEKB RJYLTYCFWBF 
 
c[dflfc[df fklt/blt,c fy fklt/blt,cf lf rtnjyt,c 

ijhbc rjyltycfwbf fkljkehb rjyltycfwbbc vtmfybpvbs 
vbvlbyfhtj,c& htfmwbbc ofhvfhsdbcfsdbc fewbkt,tkbf^ 
hjv ths-thsb rjvgjytynb itbwfdltc vbybvev ths fmnbeh 

α-o.fk,flc& rjvgjytynt,bc ithxtdbcfc itcf’kt,tkbf 
db[tkv’qdfytkjs rfh,jybkehb ]ueabc itvwdtkb 
yfthst,bc htfmwbbceyfhbfyj,bc phlbc mdtvjs vj.dfybkb 
vorhbdbs%  

C

NH2

O

C

OR

O

C

OH

O

C

R

O

C

H

O

C

Cl

O
δ+ δ+ δ+ δ+ δ+ δ+

< < < < <
 

vfhw[yblfy vfh]dybd bphlt,f rfh,jybkehb 
rjvgjytynbc ofhvjmvybc itcf’kt,kj,f lf^ itcf,fvbcfl 
vfh]dyblfy vfhw[ybd vtsbktyehb rjvgjytynbc ofhvjmvybc 
itcf’kt,kj,f& 
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N
+

O
-

O

+ 2e+ H
+

N

O
-

OH
H

+

- H2O

O
N

 
 
 vbqt,ekb ybnhjpjyfthsb vcufdcb vtmfybpvbs  

uflflbc  xfyfwdkt,ek /blhjmcbkfvbyib% 
 

N

O

+ 2e+ H
+

N
-

OH
H

+

NH
OH

 
 
 ybnhjpjyfthst,b fqlut,bfy ufwbkt,bs fldbkfl^ 

dblht ybnhjyfthst,b^ fvbnjv vfsb wfkrt ufvj.jaf fh 
[th[lt,f&  v;fdf ufhtvjib /blhjmcbkfvbybc fqlutyf  
uh'tklt,f  lf  vbbqt,f  fqlutybc cf,jkjj ghjlemnb -
fvbyb& 

+ 2e

H
+

H
+

NH
OH

NH
O

+

H

H

NH
O

+

H

H

- H2O
NH

-
NH2

 
 ytbnhfkeh ufhtvjib /blhjmcbkfvbybc fqlutyf 

vblbc 'fkbfy ytkf^ fvbnjv vbcb ufvj.jaf itb'kt,f 
cfhtfmwbj yfhtdblfy& 

nent  ufhtvjib  ybnhjpjyfthsbc  lf  /blhj-
mcbkfvbybc fqlutyf bvltyfl  ytklt,f^  hjv  ofhvjbmvyt,f  
fpj]ueabc itvwdtkb  yfthst,b ~Ar-N=N-Ar`&  

.dtkf iefktlehb ghjlemnb 'kbthb v;fdt,bc 
vjmvtlt,bs uflf]uealt,f lf vbbqt,f itcf,fvbcb fvbyt,b& 

fhjvfnekb ybnhjyfthst,bc fqlutyf pjuflb cf[bs 
itb’kt,f  ufvjbcf[jc itvltub cmtvbs% 
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ybnhjpj-
,typjkb

atybk/blhj-
mcbkfvbyb

ybnhj,typjkb

C6H5-NO2 C6H5-N=O C6H5-NHOH C6H5-NH2

N
N

C6H5H5C6

OH

O
-

-H2O

N
N

+ C6H5
H5C6

O
-

N
N

C6H5H5C6

NH
NH

C6H5H5C6

H2N-C6H4-C6H4-NH2

pH<7

pH>7

fybkbyb

fpjmcb,typjkb

fpj,typjkb

/blhfpj,typjkb

,typblbyb

H
++
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itltuflfw vbbqt,f fkljkb ~+|`& 
 

ofhvjmvybkb fkljkb v;fdf fhtib cohfafl ufybw-

lbc lt/blhfnfwbfc α^β-e]thb fklt/blt,bc ofhvjmvybs% 
  

-

H
+

C C

OH

H

H

H

CH C

O

H H

fkljkb

OH2

C C
+

H

H

H

CH C
O

H H
C C

H

H

H

C C
O

H H

α,β e]thb fklt/blb

+

- H
+

 
 
fmtlfy ufvjvlbyfht^ v;fdf rfnfkbpfnjhbc sfyfj,b-

cfc fklt/blt,bc rjyltycfwbbcfc ofhvjmvybkb fkljkbc 
ufvj.jaf fh [th[lt,f& fv erfyfcrytk rjyltycfwbbc cf[tc 
tojlt,f rhjnjyekb* rjyltycfwbf& 

fkljkej rjyltycfwbfcsfy thsfl rhjnjyek 
rjyltycfwbfc [ibhfl b.tyt,ty jhufyek cbystpib^ dbyfblfy 
bub ofhvjflutyc rfhu ghtgfhfnek vtsjlc e]thb 
fklt/blt,bcf lf itcf,fvbcfl e]thb v;fdt,bc vbcfqt,fl&  

fqybiyek gbhj,t,ib rtnjkt,bc ofhvjmvyf ~rtnj-
yt,bc rjyltycfwbbs` vbvlbyfhtj,c ,tdhfl eahj vrfwh 
gbhj,t,ib& 

 ptvjs vj.dfybkb pjuflb cf[bs rjyltycfwbbc 
htfmwbbc vtmfybpvbc ufvj.tyt,bs ~nent rfnfkbpfnjhbc 
sfyfj,bcfc` lfothts itvltub htfmwbt,bc vtmfybpvt,b% 

 

CH3 C

O

H

OH
-

CH3 C CH2 C

O

HOH

H

OH2-
CH3 C CH C

O

H

H

3-,enfyjkfkb 2-,entyfkb

2

 

                                                 
* lfcf[tkt,f vjvlbyfhtj,c jhb evfhnbdtcb α-o.fk,flbc 

itvwdtkb fklt/blt,bc – fwtnfklt/blt,bc – rjyltycfwbbs vbqt,ekb 
e]thb fklt/blbc – rhjnjyfklt/blbc cf[tkblfy& 
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v;fdehb rfnfkbpfnjhbc sfyfj,bcfc vtmfybpvb 
bwdkt,f ~სქემა 8`& gbhdtk cfat[ehpt vbbqt,f ghjnjybht-
,ekb fklt/blbc jhb vtpjvthekb ajhvf ~Ia, Ib`^ hjvtkbw 
ofhvjflutyc ‘kbth tktmnhjabkc ~rfh,jybkehb rjvgj-
ytynb`& +a vtpjvthekb ajhvf rfhufdc o.fk,flbc ghjnjyc 
lf ofhvjbmvyt,f iefktlehb ,bgjkfhekb bjyb ~++`& tc bjyb 
rb fldbkfl ufhlfbmvyt,f fhfvluhflb e]thb cgbhnbc 
vjktrekfl ~+++`^ hjvtkbw tktmnhjyekb qhe,kbc 
fqyfuj,bc vb[tldbs itb’kt,f xfbsdfkjc actdljvtsb-
ktyeh rjvgjytynfl& fqybiyekb cgbhnb ~+++` lf 

ghjnjybht,ekb fkt/blbc vtjht vtpjvthekb ajhvf ~Ib`  
ehsbthsmvtlt,c f[fkb C-C ,vbc ofhvjmvybs^ hbc 

სქემა 8 

C
-

C

OH
+

H H
-H

+ C C

O

H H

H

C
C

OH

H

H

H
CH

C

O

H

H

fkljkb

C C

O

H

H

H
+ H

+
C C

OH
+

H

H

H

C C
+

OH

H

H

H

Ia

Ib

II

C C

OH
+

H

H

H

Ia III

C C

O

H H

H

C C
+

OH

H

H

H

Ib

+

III IV

 

31 

2& RJYLTYCFWBBC HTFMWBT<B 

vhfdfkb htfmwbf jhufyek cbystpib vbvlbyfhtj,c 
rjyltycfwbbc vtmfybpvbs& rjyltycfwbbc htfmwbbc lhjc 
[lt,f jhb vjktrekbc ufthsbfyt,f eahj lbl vjktrekfl^ 
[ibhfl sfyfehb lf,fkvjktrekehb ghjlemnt,bc ufvj-
.jabs ~H2O^ NH3 lf c[d&`& vhfdfkb vjktrekbc ufth-
sbfyt,fc vcufdcb upbs gjkbrjyltycfwbbc htfmwbf tojlt,f&  

rjyltycfwbbc htfmwbbc fewbkt,tkb gbhj,ff fmnb-
ehb aeymwbehb ]ueat,bc ~C=O rfh,jybkehb* -NH2 fvbyj* 
-COOH rfh,jmcbkbc* -COO- hsekb tsthbc lf c[d&` fhct-
,j,f& 

fvfcsfy lfrfdibht,bs rjyltycfwbbc htfmwbf fhbc 
lfvf[fcbfst,tkb fklt/blt,bcfsdbc^ rtnjyt,bcfsdbc^ tst-
ht,bcfsdbc^ ‘dhflb o.fk,flbc vmjyt yfthst,bcfsdbc ~CH- 
v;fdt,bcfsdbc`& 

rjyltycfwbbc ghjwtcbc itltufl ofhvjbmvyt,f ,vt,b% 
 

≡C-C≡, ≡C-N=, ≡C-O- 
 
rjyltycfwbbc htfmwbbc itltufl fuhtsdt itcf’kjf 

wbrkehb yfthst,bc ofhvjmvyf& 
 

2&1& FKLT/BLT<BCF LF RTNJYT<BC 
RJYLTYCFWBBC    HTFMWBT<B  

~C-C <VBC OFHVJMVYF` 
 

rfh,jybkeh ]ueaib 
C O
δ+ δ−

π-,vf cfuh-
’yj,kfl uflf[hbkbf tktmnhjefh.jabsb ;fyu,flbc 
fnjvbcfrty& fvfcsfy lfrfdibht,bs C fnjvb cnfwbjyfkeh 
vlujvfhtj,fib bv.jat,f yfobkj,hbd lflt,bsfl^ t&b& 
yf[ibh,flbc fnjvb tktmnhjabkehbf lf vpflff 
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yerktjabkehb htfutynbc #itntdbc@ vbcfqt,fl& fvfdt 
lhjc rfh,jybkehb ]ueab ‘kbthb tktmnhjyj-
fmwtgnjhbf^ lf -I ~bylemwbehb` tatmnbc ufdktybc ufvj 

α-yf[ibh,flfnjvt,sfy lfrfdibht,ekb o.fk,flfnjvt,bc 
‘dhflj,f ~fmnbehj,f^ v;fdbfyj,f` cfu’yj,kfl bphlt,f&   

α
C C C

O

H

H

H

β

 
fvhbufl^ fklt/blt,bc ~yfrkt,fl rtnjyt,bc` 

vjktrekf vpflff yerktjabkehb htfutynbc vbthst,bcf-

sdbc ~rfh,jybkehb C fnjvbc δ+ yfobkj,hbdb lflt,bsj,bc 
ufvj` lf fvfdt lhjc yerktjabkehb htfutynbc ofhvjmvyb-

cfsdbc ~v;fdehb α-o.fk,flfnjvt,bc lfrfhudbc [fh]pt`& 
fvbs fb[cyt,f^ hjv rjyltycfwbbc htfmwbt,ib [ibhfl itlbfy 
vcufdcb itlutybkj,bc yfthst,b ~pqdhek itvs[dtdfib rb -
thsyfbhb vjktrekt,b`& 

2&1&1& FKLJKEHB ~<JHJLBYBC` LF RHJNJYEKB 
RJYLTYCFWBF 

bvbcfsdbc^ hjv thsb lf bubdt^ fy c[dflfc[df 
fklt/blt,c ijhbc ofhbvfhsjc rjyltycfwbbc ghjwtcb 
fewbkt,tkbf vfsb tktmnhjabkehj,bc fy yerktjab-
kehj,bc [tkjdyehb ufphlf& fvbcfsdbc cfhut,kj,ty 
rfnfkbpfnjht,bs& 

f` ae‘t rfnfkbpfnjht,b% B-, (-OH, NH3, CH3COO-) 
f’kbtht,ty rfh,jybkehb yfthst,bc yerktjabkehj,fc 
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C C C

O

H

H

H

CH3

CH3

α
β+ B

-HB
C C

-
C

O

H H

CH3

CH3

αβ

vtsbktyehb rjvgjytynb
'kbthb yerktjabkb

 
 
,` v;fdehb rfnfkbpfnjht,b% A+^ ~H+,  AlCl3 lf c[df` 

f‘kbtht,ty rfh,jybkehb yf[ibh,flfnjvbc tktmnhjab-
kehj,fc 

 

α
C C C

O

H
H

H
β

+ A C C C
OA

H
H

H

rfh,jybkehb rjvgjytynb
'kbthb tktmnhjabkb

 
 
ae’t rfnfkbpfnjht,b ufvjb.tyt,bfy c[dflfc[df 

rjyltycfwbbc htfmwbfib% fkljkehb-rtnjkehb^ hsek-
tsthjdfyb^ rfybwfhjc lf c[df& 

rjyltycfwbbc htfmwbbc gbhdtkfl cfat[ehc 
ofhvjflutyc ‘kbthb yerktjabkehb yfobkfrbc 
~vtsbktyehb rjvgjytynbc` ofhvjmvyf lf vbcb itvlujvb 
vbthst,f rfh,jybkehb rjvgjytynbc tktmnhjabkeh C 
fnjvsfy& 

B + C C
O

H
H

-BH
C C

O

H

'kbthb yerktjabkb
vtsbktyehb rjvgjytynb

 


