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OBYFCBN>DFJ<F 

mbvbbc vtwybtht,bc ufydbsfht,bc vstkb bcnjhbbc 
vfy’bkpt mbvbrjc-vrdktdfht,c velvbdfl fbynthtct,lfs^ 
se hf yfthsb b.j htnjhnfib^ cby]fhfib^ rjk,fib^ se 
hjujhb b.j vbcb cnhemnehf lf hf sdbct,t,b uffxylf& 
vfhnbdb hfjltyj,bsb lf sdbcj,hbdb fyfkbpbc vtsjlt,b 
dtqfh frvf.jabkt,lf vrdktdfhsf vpfhl vjs[jdyt,c& 
tktvtynehb fyfkbpbw ‘fkbfy [ibhfl e’kehb b.j^ ft[cyf 
fvf se bv ybdsbtht,bc mbvbehb sdbct,t,b& 

fvfy ufyfgbhj,f yfthst,bc cnhemneht,bc rdktdbc 
mbvbeh vtsjlt,sfy thsfl bycnhevtynekb ~abpbrehb` 
vtsjlt,bc itveifdt,f^ hjvkt,sfufy vjobyfdt flubkb 
erfdbf js[ vtsjlc% eknhfbbcath-^ byahfobstk-^ 
,bhsdek vfuybneh htpjyfycek- lf vfc- cgtmnhjvtnhbfc& 
lqtbcfsdbc vfs fmnbehfl b.tyt,ty mbvbrjc-tmcgthbvty-
nfnjht,b ~sevwf fhf vfhnj mbvbrjct,b!`& 

ptvjs fqybiyekb vtsjlt,b ufycfpqdhekb fuhtuf-
nekb vlujvfhtj,bc cfrdktdb yfthsbc cnhemnehbc lfl-
utybc cfiefkt,fc b’ktdf& fv vtsjlt,ib cby]b ufybwlbc 
c[dflfc[df cb[ibhbc tktmnhjvfuybnehb ufvjc[bdt,bs fy 
tktvtynfhekb yfobkfrt,bc fxmfht,ekb yfrflbs pjylb-
ht,fc& 

fmdt eylf lfd’byjs^ hjv mbvbrjc-tmcgthbvtynfnjhb 
fh fhbc dfklt,ekb^ qhvfl b.jc jhbtynbht,ekb abpbre-
hb rdktdbc fv vtsjlt,ib^ bwjltc vfsb ‘kbthb lf cecnb 
fcgtmnt,b^ vfuhfv yt,bcvbth vfsufyc fewbkt,kfl eylf 
/mjyltc cf,fpj ofhvjlutyf sbsjtekb vtsjlbc 
itcf’kt,kj,bcf lf ufvj.tyt,bc itcf[t,& 

obyfvlt,fht cf[tkv’qdfytkjc vbpfyb cojhtl tc 
fhbc& vfcib ufy[bkekbf cgtmnhjvtnhbbc js[b ‘bhbsflb 
vtsjlb% eknhfbbcathb^ byahfobstkb^ ,bhsdek-vfuyb-
neh htpjyfycekb lf vfc-cgtmnhjvtnhbf& 

cf[tkv’qdfytkjc gbhdtkb sfdb vb’qdybkbf bv 
pjuflb rfyjypjvbtht,t,bcf lf ‘bhbsflb rfyjyt,bcflvb^ 
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hjvtksf wjlyf fewbkt,tkbf itvlujvb vfcfkbc itcofd-
kbcfsdbc&  

vtjht sfdib ufy[bkekbf tktmnhjyekb cgtm-
nhjvtnhbf^ hjvtkcfw ufycfresht,bs lblb ufvj.tyt,f 
fmdc cbystpehb cfqt,ht,bc^ vfs ijhbc ajnjmhjvekb^ 
kevbytcwtywbehb lf c[d& rdktdbcfc& 

cf[tkv’qdfytkjc vtcfvt sfdib ufydb[bkfds byahf-
obstk cgtmnhjvtnhbfc^ hjvtkbw ofhvjflutyc yfthsbc 
aeymwbehb ]ueat,bc lflutybc v’kfdh cfiefkt,fc& 

vjvltdyj sfdb tsvj,f H1-,vh cgtmnhjvtnhbfc^ hj-
vtkbw ufvjb.tyt,f yfthsbc fqyfuj,bc lflutybcfsdbc& fmdt 
eylf fqbybiyjc^ hjv fv cgtmnhjvtnhbbc cfiefkt,bs 
itcf’kt,tkbf ufybcfpqdhjc yfthsbc htubj- lf cnthtj- 
bpjvtht,b& 

cf[tkv’qdfytkjc ,jkj sfdib ufdtwyj,bs vfc-cgtm-
nhjvtnhbfc^ hjvkbc lfybiyekt,ff cfrdktdb ybdsbtht-
,t,bc vjktrekehb vfcbc lflutyf vbcb ahfuvtynt,fl 
lfikbc upbs& 

itdtwflts cf[tkv’qdfytkjib vfufkbsbc cf[bs 
vjudt.dfyf sbsjtekb rkfcbc yfthspt thsb cgtmnhb vfbyw^ 
hfsf fqothbkb vfcfkf eahj sdfkcfxbyj ufv[lfhb.j& 

lfcfchekc fqdybiyfds^ hjv cgtmnhjvtnhbbc sbsj-
tekb vtsjlb itcf’kt,tkbf ufvj.tyt,ekb b.jc bylbdble-
fkehfl^ vfuhfv^ hjujhw otcb^ yfthsbc fqyfuj,bc itcf[t, 
fvjvoehfdb byajhvfwbbc vbqt,f itcf’kt,tkb [lt,f v[j-
kjl vfsb rjvgktmcehb ufvj.tyt,bs&  

fqybiyekb vtsjlt,bc itcf[t, ufvjmdt.yt,ekbf 
efvhfdb cf[tkv’qdfytkj^ hjvkt,ibw cfrvfjl qhvfl lf 
cfae’dkbfyfl fhbc ufy[bkekb sbsjtekb cgtmnhjvtn-
hbbc hjujhw stjhbekb^ bct ghfmnbrekb fcgtmnt,b& 

xdty itdtwlt,bs vjufojljs v[jkjl bc vbybvfkehb 
vfcfkf fqybiyekb cgtmnhjvtnhekb vtsjlt,bc itcf[t,^ 
hjvtksf wjlyfw fewbkt,tkbf yt,bcvbthb mbvbrjc-
tmcgthbvtynfnjhbcfsdbc& 
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ITCFDFKB 

1& TKTMNHJVFUYBNEHB 
UFVJC{BDT<F 

nfkqehb stjhbbc sfyf[vfl^ ufvjc[bdt,f fhbc 

tktmnhekb lf vfuybnehb dtkt,bc h[tdf& c
G

-dtmnjhbc 
gfhfktkehfl vbvfhsekb ufvjc[bdt,f itlut,f tktmn-
hekb lf vfuybnehb dtkt,bcfufy^ hjvtksf dtmnjht,b 
vbvfhsekbf thsvfytsbcf lf z-qth’bc vfhsj,ekfl - fye 
bv.jat,bfy ~x,z) lf (y,z) cb,hn.tt,ib&  

tktmnhjvfuybnehb nfkqf itcf’kt,tkbf lf[f-
cbfsltc itvltub ‘bhbsflb gfhfvtnht,bs% E-tythubf^ 

λ-nfkqbc cbuh’t^ ν-cb[ibht& fqybiyekb gfhfvtnht,b 
itvltu ehsbthslfvjrblt,ekt,fib fhbfy ~gkfyrbc rfyjyb`% 

λ
ν chhE ==  

cflfw c fhbc cbyfskbc cbxmfht ~3⋅108v$ov` lf h fhbc 

gkfyrbc velvbdf 6.62⋅10-34 ]⋅ov`& 
vjwtvekb ajhvekblfy xfyc^ hjv ufvjc[bdt,bc 

tythubf gbhlfgbhghjgjhwbekbf h[tdbc cb[ibhbcf lf 
ereghjgjhwbekbf nfkqbc cbuh‘bcf&  

tythubbc ~fy nfkqbc cbuh’bc fy h[tdbc cb[ibhbc` 
vb[tldbs fyc[dfdt,ty c[dflfc[df cf[bc ufvjc[bdt,fc^ 
hjvtkbw cmtvfnehfl fhbc ofhvjlutybkb yf[& 1-pt& 

c[dflfc[df e,ybc itcf,fvbcb ufvjc[bdt,f [fcbfslt,f 
ufyc[dfdt,ekb nfkqbc cbuh’bs ~cb[ibhbs`& fvbnjv fv 
ufvjc[bdt,t,c uffxybfs c[dflfc[df tythubf& ‘bhbsflb 
fqybidyt,b lf ufypjvbkt,t,b^ hjvkt,bw [ibhfl ufvj-
b.tyt,f tktmnhjvfuybnehb ufvjc[bdt,bc lfcf[fcbfst,kfl^ 
vjwtvekbf mdtvjs w[hbkbc cf[bs ~w[hbkb 1`& 
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eb e,fyb
eb cgtmnhjvtnhbf

[bkekb e,fyb
tktmnhjyekb 
cgtmnhjvtnhbf bo e,fyb

bo cgtmnhjvtnhbf

 

300 yv 400 yv 800  yv 1000 yv

10-5 10-3 10-1 101 103 105

γ-ufvjc[bdt,f x-c[bdt,b
htynutyjcrjgbf

hflbjnfkqt,b

bphlt,f nfkqbc cb[ibht

bphlt,f nfkqbc cbuh't

200 yv

107

 

yf[& 1 tktmnhjvfuybnehb ufvjc[bdt,bc cgtmnhb& vrfwhb pqdfhb 
hjvtkbvt jh e,fyc ijhbc fh fhct,j,c& nfkqbc cbuh’t 
bphlt,f vfhw[yblfy vfh]dybd^ [jkj cb[ibht - vfh]dyblfy 
vfhw[ybd& [bkekb e,ybcfsdbc vjwtvekbf cgtmnhfkehb 
atht,b 
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w[hbkb 1&  tktmnhjvfuybnehb ufvjc[bdt,bc^ nfkqbc cbuh’bcf 
lf cb[ibhbc fqybidyt,b lf ufypjvbkt,t,b 

cblblt lf 
ufypjvbkt,f ufycfpqdht,f 

nfkqbc cbuh’t ~λ` 

Å fyucnhtvb^ 1Å=10-10 v 

vrv vbrhjvtnhb ~vbrhjyb`  
1vrv=10-6v=104 Å 

yv 
yfyjvtnhb ~vbkbvbrhjyb`  
1yv=10-9v=10 Å 

cb[ibht ~ν` 

/w /thwb 

cv-1 

nfkqehb hbw[db& bub njkbf 
it,heyt,ekb nfkqbc cbuh’bcf 
cfynbvtnht,ib fye nfkqt,bc 
hfjltyj,bcf^ hjvtkbw sfdclt,f 
1 cv-ib&  

  
eylf fqbybiyjc^ hjv fhct,j,c tktmnhjvfuybnehb 

ufvjc[bdt,bc ufpjvdbc jhb vtsjlb& thsb vfsufybc vb[tl-
dbs  cb[ibht bpjvt,f /thwt,ib^ hjvtkcfw pju]th eojlt-
,ty #ztivfhbn@ cb[ibhtc& nfkqbc cb[ibhbc vtjht vtsjlbs 
ufvjcf[ekt,f fh fhbc ztivfhbnb& tc cblblt - nfkqehb 
hbw[db ~bubdt it,heyt,ekb nfkqbc cbuh’t` fhbc v[jkjl 
ghjgjhwbekb ztivfhbnb nfkqbc cb[ibhbcf& vbcb ghj-
gjhwbekb lfvjrblt,ekt,f xfyc itvltub ajhvekblfy% 

1
c
νν

λ
= =  
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2& ISFYSMVF 

cgtmnhjvtnhbfib ufvj.tyt,ekb vjktrekfsf fq-
upyt,bc ghjwtct,b lfmdfynekbf fye vjktrekbc tythubbc 
itvwdtkj,f fqupyt,ek vlujvfhtj,fib ‘bhbsfl vlujvf-
htj,fcsfy itlfht,bs ufyc[dfdt,ekbf tythubbc ufhrdtekb 
lbcrhtnekb hfjltyj,bs& fvbc ufvj vjktrekf fh 
itb’kt,f isfysmfdltc tktmnhjvfuybneh ufvjc[bdt,fc 
~tvu` yt,bcvbth cb[ibhtpt& bub isfysmfdc bv nfkqbc cbu-
h’tpt^ hjvkbc tythubbc itvwdtkj,f njkbf vjktrekbc 
‘bhbsfl vlujvfhtj,fcf lf fqupyt,ek vlujvfhtj,fc ij-
hbc tythubt,bc c[dfj,bcf& cojhtl tc atyjvtyb b’ktdf cfie-
fkt,fc lfdfv.fhjs ehsbthsrfdibhb cb[ibhtcf lf ufh-
rdtek tythutnbrek uflfcdkt,c ijhbc& 

tktmnhjvfuybnehb cgtmnhbc yt,bcvbthb ‘bhbsflb 
e,ybcfsdbc ~eb-^ bo-^ hflbj- lf f&i&` lfvf[fcbfst,tkbf 
uflfcdkt,bc thsb nbgb& vfufkbsfl^ vjktrekbc vbth bo- 
ufvjc[bdt,bc isfysmvbcfc flubkb fmdc ,vt,bc h[tdbsb vj’-
hfj,t,bc ufphlfc^ [jkj eb-cgtmnhbc isfysmvbcfc rb 
tktmnhjyt,bc uflfcdkfc ‘bhbsflb tythutnbrekb ljyb-
lfy ptlf tythutnbrek ljytt,pt& 
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TKTMNHJYEKB CGTMNHJVTNHBF  

  

ITCFDFKB  

 jhufyekb yfthst,bc vbth 100-800 yv nfkqbc cbu-
h’bc ufvjc[bdt,bc isfysmvbcfc flubkb fmdc tktmnhjyt,bc 
fqupyt,fc& vbqt,ek cgtmnht,c tojlt,fs isfysmvbc tktm-
nhjyekb cgtmnht,b& isfysmvbc tktmnhjyekb cgtmnht,b 
b.jaf eknhfbbcathb ~eb^ 100-400 yv` lf [bkekb ~400-800 
yv` e,yt,bc cgtmnht,fl& [bkekb e,ybc wfkrt ufvj.jaf 
ufygbhj,tekbf bv ufhtvjt,bs^ hjv isfysmvf 400-800 yv 
nfkqbc e,fyib fqbmvt,f flfvbfybc v[tldtkj,bsb jhufyj-
t,bc vbth& 

 isfysmvbc tktmnhjyekb cgtmnht,bc xfothf [jh-
wbtklt,f cgtwbfkeh fgfhfnt,pt - cgtmnhjajnjvtn-
ht,pt ~yf[& 2 `&  

1 2

3

4

5 6

yf[& 2& cgtmnhjajnjvtnhbc ghbywbgekb cmtvf&  
1& ufvjc[bdt,bc o.fhj  
2& vjyjmhjvfnjhb  
3& rbedtnf cnfylfhnekb [cyfhbs  
4& rbedtnf cfrdktdb [cyfhbs^  
5& htubcnhfwbbc vjo.j,bkj,f  
6& sdbsxfvothb 
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 ufvjc[bdt,bc o.fhjlfy ~1` vbqt,ekb c[bdb uflbc 
vjyjmhjvfnjhc ~2`^ cfblfyfw ufvjcek c[bdc fmdc ufy-
cfpqdhekb nfkqbc cbuh’t& bub I0 byntycbehj,bs twtvf 
rbedtnt,c ~3 lf 4`& fvfcsfy rbedtnfib ~3` vjsfdct,ekbf 
jgnbrehfl ceasf ufv[cytkb1^ [jkj vtjht rbedtnfib ~4` 
rb - bvfdt ufv[cytkib uf[cybkb cfrdktdb ybdsbtht,f2& rbe-

dtnt,blfy ufvjcekb c[bdb byntycbehj,bs I ~+0≤+` twtvf 
htubcnhfwbbc vjo.j,bkj,fc ~5`^ [jkj tc erfyfcrytkb 
byajhvfwbfc fodlbc sdbsxfvoth vjo.j,bkj,fc ~6`^  hj-
vtkbw cgtwbfkeh lfrfkb,ht,ek mfqfklpt xfothc 
isfysmvbc tktmnhjyek cgtmnhc& cgtmnhbc xfothbcfc 
cnfylfhnekb rbedtnbc ufvj.tyt,f cfiefkt,fc b’ktdf^ 
cfrdktdb ybdsbtht,bc cgtmnhblfy ufvjhbw[ekb bmyfc 
ufv[cytkbc isfysmvf& ufvjc[bdt,bc o.fhjl ufvjb.tyt,f 
o.fk,flbc yfsehf ~eb^ 195-350 yv` lf dfhdfht,bc yfsehf 
~[bkekb e,fyb 350-800 yv`& eknhfbbcath e,fyib veifj,b-
cfc fewbkt,tkbf ufvj.tyt,ekb bmyfc  rdfhwbc rbedtnt,b&  

 ufvjc[bdt,bc byntycbehj,f fqbotht,f kfv,thn-
,euth-,thbc rfyjybs%  

0ID=lg = cl
I

ε  
cflfw I0 fhbc rbedtnfpt lfwtvekb vjyjmhjvfnekb 

c[bdbc byntycbehj,f  
 I- rbedtnblfy ufvjcekb c[bdbc byntycbehj,f  

ε- isfysmvbc vjkehb rjtabwbtynb  
c- ybdsbtht,bc rjywtynhfwbf^ vjkb/k  

 l- visfysmvtkb ihbc cbcmt ~c[bdbc vbth rbedtnfib 
ufdkbkb vfy’bkb`^ cv  

 isfysmvbc tktmnhjyekb cgtmnhb ofhvjflutyc 
uhfabrc^ hjvtkbw  fqothc jgnbrehb cbvrdhbdbcf D ~pju-

]th ε fy lgε` lf nfkqbc cbuh’bc λ lfvjrblt,ekt,fc&  

                                                 
1 jgnbrehfl ceasf ufv[cytkb tojlt,f ybdsbtht,fc^ hjvtkcfw cgtmnhbc 
xfothbc e,fyib isfysmvf fh uffxybf& tktmnhjyek cgtmnhjvtnhbfib 
ufvj.tyt,flb ufv[cytkt,b vjwtvekbf lfyfhsib A. 
2 gjkbvthekb vfcfkt,bcfsdbc ufvjb.tyt,f gjkbvthbc ufvzdbhdfkt s[tkb 
facrb 
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  isfysmvbc tktmnhjyekb cgtmnht,bc sfyfvtlhjdt 
gjcnekbht,f lfae’yt,ekbf yfthst,bc fqyfuj,bc vjktre-
keh-jh,bnfkeh vblujvfpt& tktmnhjyt,b vjktrekfib 
bv.jat,bfy vrfwhfl ufycfpqdhek jh,bnfkpt ~fye uffx-
ybfs vrfwhfl ufycfpqdhekb vbybvfkehb tythubf`& vjkt-
rekfib dfktynehb tktmnhjyt,bc tythutnbrekb ljytt,bc 
afhlj,bsb ufyfobkt,f vjwtvekbf yf[& 3-pt& 

 
 

 thsvfub ,vt,bc tktmnhjyt,b ~σ-tktmnhjyt,b` 

brfdt,ty itvfrfdibht,tk σ-jh,bnfkc^ ]thflb ,vt,bc 

tktmnhjyt,b ~π-tktmnhjyt,b` rb - itvfrfdibht,tk π-jh-
,bnfkc& /tnthjfnjvt,bc sfdbceafkb tktmnhjyekb  
o.dbkt,b ~n-tktmnhjyt,b` fye tktmnhjyt,b^ hjvkt,bw 
fh bqt,ty vjyfobktj,fc mbvbehb ,vt,bc ofhvjmvyfib^ 
sfdclt,bfy fhfitvfrfdibht,tk n-jh,bnfkpt& ‘bhbsfl 
vlujvfhtj,fib .dtkf itvfrfdibht,tkb lf fhfitvfrfd-
ibh,tkb jh,bnfkb lfrfdt,ekbf& vjktrekbc vbth π

σ→σ∗

n→σ∗

π→π∗

n→π∗

σ

π

n

π∗

σ∗

E

yf[& 3& vjktrekfib tktmnhjyt,bc tythutnbrekb 
ljytt,b lf tktmnhjyekb uflfcdkt,bc 
nbgt,b  
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cbyfskbc  rdfynbc isfysmvbcfc itvfrfdibht,tkb lf fhf-
itvfrfdibht,tkb jh,bnfkt,blfy tktmnhjyt,b uflflbfy 

ufvsbidtk jh,bnfkt,pt ~σ* lf π*`&  
 fvfcsfyfdt fqcfybiyfdbf^ hjv fv uflfcdkt,c fmdc 

vrfwhfl vjotchbut,ekb [fcbfsb& tktmnhjybc uflfcdkfc 
yt,bcvbthb thsb jh,bnfkblfy yt,bcvbth vtjht 
jh,bnfkpt flubkb tmyt,f v[jkjl bv itvs[dtdfib^ se fv 
uflfcdkbcfsdbc cfzbhj tythubbc cbyfskbc rdfynb twtvf 
vjktrekfc& jhufyekb yfthst,bc vjktrekt,ib 
‘bhbsflfl itcf’kt,tkbf itvltub js[b cf[bc tktmnhj-

yekb uflfcdkf% σ→σ*, π→π*, n→σ* lf n→π*& 
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1& YF}THB YFTHST<B  

σ→σ* uflfcdkt,b  
.dtkfpt lblb tythubf b[fh]t,f σ→σ* uflfcdkt-

,bcfc^ dbyfblfy σ-,vf .dtkfpt lblb cbvnrbwbs [fcbfslt,f& 
fvbnjv fkrfyt,b lf wbrkjfkrfyt,b isfysmfdty ijhtek 
eknhfbbcath e,fyib ~200 yv nfkqbc cbuh’tpt vjrkt 
nfkqt,b`& vfufkbsfl^ vtsfyb isfysmfdc 125 yv nfkqbc  
cbuh’tpt^ tsfyb - 135 yv-pt^ [jkj wbrkjghjgfyb - 190 yv-
pt&  

CH4 H3C-CH3

λ=125yv λ=135yv λ=190 yv  
 

 n→σ* - uflfcdkt,b  
fpjnbc^ ;fyu,flbcf lf ujubhlbc itvwdtk yf]th 

yfthst,ib ~fvbyt,b R-NH2, R-NH-R, R3N)^ cgbhnt,b ROH^ 
sbjkt,b RSH lf c[df` /tnthjfnjvpt kjrfkbpt,ekbf 
sfdbceafkb tktmnhjyekb o.dbkb& tc tktmnhjyt,b 
brfdt,ty fhfitvfrfdibht,tk n-jh,bnfkc& fvbnjv 
vjktrekbc fqupyt,bc itvs[dtdfib flubkb fmdc  hjujhw 

σ→σ*^ bct n→σ* uflfcdkt,c& fmtlfy ufvjvlbyfht^ 
isfysmvbc  tktmnhjyek cgtmnhpt itcf’kt,tkbf jhb 

isfysmvbc pjkbc ufxtyf& n→σ* uflfcdkbc tythubf vwbhtf 

σ→σ*uflfcdkbc tythubfpt& itcf,fvbcfl^ ufvjc[bdt,bc 
nfkqbc cbuh’t^ hjvkbc isfysmvbc itltuflfw [lt,f 

n→σ* uflfcdkf^ fqtvfnt,f σ→σ* uflfcdkbc nfkqbc 
cbuh’tc& bub^ hjujhw otcb^ vlt,fhtj,c 200 yv-bc e,fyib& 
vfufkbsbcfsdbc w[hbkb 2-ib vjwtvekbf c[dflfc[df 
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/tnthjfnjvbc itvwdtkb yf]thb  yfthst,bc isfysmvbc 
vfmcbvevt,bc nfkqbc cbuh’tt,b (vfu& CH3OH lf CH3SH)&   

w[hbkb 2& yf]thb /tnthjfnjvbc itvwdtkb yfthst,bc isfysmvbc 
vfmcbvevt,b 

yfthsb λ^ yv 

σ→σ* uflfcdkf 

λ^ yv 

π→π* uflfcdkf 

CH3OH 150 183 

(CH3)2OH 150 184 

CH3SH 192 255 

CH3NH2 173 213 

CH3Cl 150 173 
 
yfthst,b^ hjvkt,bw itbwfdc v[jkjl thsvfu ,vt,c^ 

f[fcbfst,s σ→σ* lf n→σ* uflfcdkt,b lf isfysmfdty 
v[jkjl ijhtek eknhfbbcath ~120-190 yv` e,fyib& fv 
yfthssf cgtmnht,b itcf’kt,tkbf xfbothjc v[jkjl 
cgtwbfkehb  vjo.j,bkj,t,bc - dfreevehb rfvtht,bc 
ufvj.tyt,bs^ dbyfblfy /fthib  fhct,ekb ;fyu,flb lf fpjnb 
eknhfbbcath c[bdc isfysmfdc 190 yv-pt  mdtdbs& 

eylf fqbybiyjc^ hjv yf]thb yf[ibho.fk,flt,bcf lf 
vfsb aeymwbehb ofhvjt,ekt,bcfsdbc ~fvbyt,b^ cgbhnt,b^ 
fklt/blt,b^ rtnjyt,b^ v;fdt,b lf vfsb ofhvjt,ekt,b` 
tktmnhjyekb cgtmnhjvtnhbbc ufvj.tyt,f itlfht,bs 
vobh byajhvfwbfc b’ktdf& fv vtsjlbc ufvj.tyt,fc pqelfdc 
fgfhfnehekb ufajhvt,bc cbhsektw& 

  

2& E}THB YFTHST<B  

  jhufyekb yfthst,bc bltynbabrfwbbcfc ghfmnb-

rekb vybidytkj,f  fmdc n→π* lf π→π* uflfcdkt,c^ dbyfb-
lfy vfsb itcf,fvbcb nfkqbc cbuh’tt,b vlt,fhtj,ty cgtm-
nhjajnjvtnht,bc cfveifj lbfgfpjyib 200-1000  yv&  
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 bv ]ueat,c^ hjvkt,bw tktmnhjvfuybneh cgtmnhc 
isfysmfdty fv lbfgfpjyib^ tojlt,fs mhjvjajht,b&  

 200-1000 yv e,fyib isfysmvfc ufyfgbhj,t,c 
vjktrekbc itvflutykj,fib fhct,ekb mhjvjajht,b^ 

hjvkt,bw itbwfdty seylfw ths ]thfl  ,vfc% C=C, C≡C, 
C=N, N=N, N=O, C=S, S=O lf f&i&  

 
 
 π→π*  uflfcdkt,b  
π→π* uflfcdkbc tythubf vybidytkjdyfl vwbhtf 

σ→σ* uflfcdkbc  tythubfpt& fvbnjv isfysmvf^ hjvtkbw 

ufvjodtekbf π→π* uflfcdkbs^ ‘tdc itlfht,bs 
uh’tknfkqjdfy e,fyib& vfufkbsfl^ tsfybc isfysmvbc  

vfmcbvevb ~σ→σ*` ‘tdc 135 yv-pt^ [jkj tstybc isfysmvbc 

vfmcbvevb ~π→π*` rb- 180 yv-pt&  
 

H2C CH2

λ=180 yv
ε=10000

λ=185 yv
ε=20000  
 

 se vjktrekf itbwfdc hfvjltybvt bpjkbht,ek 
mhjvjajhc^ vfiby vbcb isfysmvbc vfmcbvevbc vlt,fhtj,f fh 
bwdkt,f lf tvs[dtdf thsb  mhjvjajhbc itvwdtkb yfthsbc 
isfysmvbc vfmcbvevc& bpjkbht,ekb mhjvjajht,bc 
hfjltyj,f gbhlfgbhghjgjhwbekfl fhbc lfvjrblt,ekb 
isfysmvbc byntycbehj,fpt - hfw vtnbf mhjvjajhekb 
]ueab^ vbs vtnbf isfysmvbc byntycbehj,f& vfufkbsfl^ 

tstybc isfysmvbc vjkehb rjtabwbtynb ~ε` 180 yv nfkqbc 
cbuh’tpt itflutyc 10000^ [jkj 1^5-/tmcflbtybcf  185 yv-pt 
rb - 20000&  

 isfysmvbc vlt,fhtj,fpt vybidytkjdfy ufdktyfc f[-
ltyc jhvfub  ,vt,bc iteqkt,bc tatmnb& fctsb yfthst-
,bcfsdbc isfysmvf lfvf[fcbfst,tkbf ufwbkt,bs  uh’tk-
nfkqjdfy e,fyib& se itdflfht,s 1^3-,enflbtybcf lf 
1^3^5-/tmcfnhbtybc isfysmvbc vfmcbvevt,c^ itdfvxytds^  hjv 
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flubkb fmdc ,fnjmhjvbfc fye isfysmvbc vfmcbvevbc 

ofyfwdkt,fc 217 yv-lfy  ~ε=21000` 253 yv-vlt ~ε=50000`&  
fvfcsfyfdt^ hfw vtnb mhjvjajhbf  iteqkt,ekb^ 

vbs lblbf ,fnjmhjvekb ofyfwdkt,f& rfhjnbyib iteqkt-
,ekbf sthsvtnbdt jhvfub ,vf^ [jkj kbrjgbyib rb wfvtnb 
jhvfub ,vblfy-sjhvtnb& iteqkt,bc fctsb lblb tatmnb fv 
yfthst,c fybzt,c itlfht,bs qhvf athc& gbhdtkb 
yfhby]bcathbf ~bub ufyfgbhj,t,c cnfabkjc athc`^ [jkj 

vtjht - obstkb^ λ=506 yv ~ε=170000` ~bub ufyfgbhj,t,c 
gjvbljhbc athc`& 

 

kbrjgbyb

rfhjnbyb

 
 

isfysmvbc vfmcbvevbc uflfflubkt,fc itlfht-
,bs uh’tknfkqjdfyb e,ybcfrty tojlt,f ,fnjmhj-
vekb ofyfwdkt,f^ [jkj itlfht,bs vjrktnfkqjdfyb 
e,ybcfrty rb - /bgcjmhjvekb ofyfwdkt,f& 
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n→π* uflfcdkt,b  
se jhufyekb yfthsbc vjktrekf e]th ,vt,sfy th-

sfl itbwfdc bcts  /tnthjfnjvt,c^ hjvtksfw^ sfdbc v[hbd^ 
uffxybfs sfdbceafkb tktmnhjyekb o.dbkb^ vfiby 

itcf’kt,tkbf flubkb /mjyltc n→π* uflfcdkt,cfw& fv  
uflfcdkbc tythubf vwbhtf .dtkf ptvjs fqybiyekb uflfc-
dkt,bc tythubfpt^ fvbnjv bcbyb .dtkfpt uh’tknfkqjdfy 
e,fyib v;qfdylt,bfy& vfufkbsfl^ iteqkt,ekb jhb jhvfub 
,vbc itvwdtkb 1^3-,enflbtybc isfysmvbc pjkb vlt,fhtj,c 

225 yv-pt ~b[& yf[& 4`& tc isfysmvf ittcf,fvt,f n→π* uflfc-
dkfc& 1^3-,enflbtybcfufy ufyc[dfdt,bs^ frhjktbybc vjkt-
rekbcfsdbc^ hjvtkibw thsb jhvfub ,vf iteqkt,ekbf 
;fyu,flbc fnjvsfy ~/tnthjfnjvsfy sfdbceafkb tktm-
nhjyekb o.dbkbs`^ lfvf[fcbfst,tkbf erdt jhb nbgbc 

yf[& 4& eb cgtmnht,b% 1^3-,enflbtyb^ λmax=225 (π→π*)  
frhjktbyb^ λmax=203/10000 (π→π*); λmax=345/20(n→π*) 
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tktmnhjyekb uflfcdkf π→π* lf n→π* fvbnjv^ 
frhjktbybc vjktrekbc eb cgtmnhb ~yf[& 4` itbwfdc jh 
isfysmvbc  pjkc 203 yv-pt ‘kbthb byntycbehj,bc 

isfysmvfc ~ε=10000^ π→π* ` lf  cecnb byntycbehj,bc 

isfysmvfc 345 yv-pt ~ε=20^ n→π*`& hjujhw otcb^ n→π* 
uflfcdkt,bc itcf,fvbcb isfysmvbc pjkt,b [fcbfslt,bfy 
cecnb  byntycbehj,bs& fctsb uflfcdkt,bc isfysmvbc vj-
kehb rjtabwbtynb fhfcjltc fqtvfnt,f 2000^ [jkj 
‘bhbsfl itvs[dtdt,ib 100-pt yfrkt,bf&  

 
 
 
 
 
 

3& FHJVFNEKB YFTHST<B  

 fhjvfnekb yfthst,b itbwfdty iteqkt,ek π-cbc-
ntvfc lf fmds wbrkehb fqyfuj,f& cnhemnehbc fctsb sfdb-
ct,eht,f ufyfgbhj,t,c lfvfnt,bsb tktmnhjyekb uflfc-
dkt,bc itcf’kt,kj,fc& fvbnjvfw fhjvfnekb yfthst,bc 
tktmnhjyekb cgtmnht,b .jdtksdbc itbwfdty lfvfnt,bs 
isfysmvbc pjkt,c& ,typjkbc tktmnhjyekb cgtmnhb ~yf[& 

5` itbwfdc cfv isfysmvbc pjkc- 184 yv-pt ~ε=60000`^ 204 

yv-pt ~ε=7400` lf 255 yv-pt ~ε=230`^ hjvkt,bw 

ufvjodtekbf π→π* uflfcdkt,bs& ,typjkbcf lf vbcb 
ofhvjt,ekt,bcfsdbc vf[fcbfst,tkb isfysmvff 230-250 yv 
nfkqbc e,fyib^ hjvtkcfw #,typjkbc@ pjkcfw eojlt,ty& 
bub^ hjujhw otcb^  vwbht byntycbehj,bs lf vhfdfk-
hbw[jdfyb vfmcbvevt,bs ~h[tdbsb  isfysmvbc pjkb` [f-
cbfslt,f&  
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,typjkbc ,bhsdib hjujhw tktmnhjyjljyjhekb^ 

bct tktmnhjyjfmwtgnjhekb xfvyfwdkt,kt,bc it.dfyf 
bodtdc fhjvfnekb cbcntvbc uh’tknfkqjdfyb isfysmvbc 
pjkbc ,fnjmhjvek ofyfwdkt,fc& tc ofyfwdkt,f itlf-
ht,bs evybidytkjf /fkjutyt,bcf lf fkrbkehb hflbrf-
kt,bc fhct,j,bcfc& /blhjmcb-^ fkrjmcb-^ fvbyj-^ fkrbk-
fvbyj-^ vthrfgnj- ]ueat,bc xfyfwdkt,kt,bcfc #,typj-
kehb@ isfysmvbc pjkb fhf vfhnj ,fnjmhjvekfl ofyfw-
dklt,f^ fhfvtl flubkb fmdc /bgthmhjvbfcfw1 ~isfysmvbc 
vfmcbvevbc byntycbehj,f bphlt,f lff[kjt,bs 10-]th`& 

                                                 
1 /bgthmhjvbf fhbc vjdktyf^ hjltcfw flubkb fmdc isfysmvbc 

vfmcbvevbc ufphlfc& isfysmvbc vfmcbvevbc itvwbht,fc rb /bgjmhjvbf 
tojlt,f& 

 

yf[& 5& ,typjkbc tktmnhjyekb cgtmnhb /tgnfyib 
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fvfcsfyfdt cgtmnhbc fv e,fyib vwbhlt,f vfmcbvevt,bc 
hfjltyj,f lf isfysmvbc pjkb cbyuktnc tvcufdct,f ~yf[& 
6`&  

 

 
,typjkbc ,bhsdib tktmnhjyjljyjhekb lf tktm-

nhjyjfmwtgnjhekb  xfvyfwdkt,kt,bc thslhjekb fhct-
,j,f bodtdc #,typjkehb@ isfysmvbc pjkbc eahj vybi-
dytkjdfy ,fnjmhjvek ofyfwdkt,fc& fqybiyekb xfvyfw-
dkt,kt,bc it.dfyfc eahj lblb tatmnb tmyt,f^ se bcbyb 
ehsbthsitsfy[vt,ekfl vjmvtlt,ty& vfufkbsbcfsdbc ufy-
db[bkjs fvbyj- lf ybnhjofhvjt,ekt,b& ,typjkbc isfy-
smvbc vfmcbvevb vlt,fhtj,c 255 yv-pt^ fybkbybc 280 yv-pt^ 

yf[& 6& tktmnhjyekb cgtmnht,b% 1-,typjkb^ 
2-asjh,typjkb^ 3-fybkbyb  
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j-ybnhjfybkbybc 380 yv-pt^ [jkj g-ybnhj-N^N-lbvt-
sbkfybkbybcf rb- 421 yv-pt&  

 

NH2 NH2
NO2

N

NO2

H3C CH3

λmax=280 yv λmax=380 yv λmax=421 yv 
 

se cfthsj fhjvfnekb iteqkt,ekb π-tktm-
nhjyekb cbcntvf itbwfdc /tnthjfnjvt,c^ vfiby flubkb 
fmdc yf[njvbct,eh ,fnjmhjvek ofyfwdkt,fc& fqybiyekbc 
rkfcbreh vfufkbsc ofhvjflutyc lbatybkb lf fpj,ty-
pjkb& lbatybkb eathekb yfthsbf^ [jkj fpj,typjkb 
.dbstk rhbcnfkeh yfthsc ofhvjflutyc^ fye vbcb isfy-
smvbc vfmcbvevb vlt,fhtj,c [bkek e,fyib& 

 

N
N

eathekb .dbstkb  
 
/tnthjfnjvpt kjrfkbpt,ekb sfdbceafkb tktm-

nhjyekb o.dbkbc cfthsj iteqkt,ek cbcnvfib xfhsdbc 
vfufkbsbf fyshfmbyjybc ofhvjt,ekt,b& 1-/blhjmcb- lf 1-
fvbyj-9^10-fyshfmbyjyt,b eahj qhvf athbs [fcbfslt,bfy^ 

dblht vfsb β-bpjvtht,b& 
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O

O

O

O

O

O

O

O

OH

OH

NH2

NH2

λ=480yv
obstkb

λ=440yv
yfhby]bcathb

λ=580yv
bfcfvybcathb

λ=490yv
obstkb  

 
tktmnhjyekb cgtmnht,bc xfothbcfc ths-thsb 

lblb vybidytkj,f tybzt,f ufv[cytkbc cojhfl ithxtdfc& 
hjujhw otcb^ ufv[cytkbc ithxtdbcfc bsdfkbcobyt,ty vbc 
jgnbreh ufvzdbhdfkj,fc cfveifj lbfgfpjyib lf cfrdktdb 
ybdsbtht,bc vfcib [cyflj,fc& fvfcsfyfdt^ .ehflqt,f eylf 
vbtmwtc cfrdktdb ybdsbtht,bcf lf ufv[cytkbc itcf’kj 
ehsbthsmvtlt,fc& atyjkbc isfysmvbc pjkb tsfyjkib  
vlt,fhtj,c 270 yv-pt^ [jkj nentib rb- 290 yv-pt& tc 
ufygbhj,t,ekbf bv ufhtvjt,bs^ hjv nent fhtib atyjkb 
bv.jat,f atyjkfnbjybc cf[bs^ lf aeymwbehb ]ueab O- uf-
wbkt,bs ‘kbthb tktmnhjyjljyjhbf ~+I, +M`^ dblht –OH 
]ueab ~-I, +M` ~yf[& 7`& 

OH O

HO-

H+  
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 fvbyjyfthst,b v;fdf fhtib bthst,ty ghjnjyc^ hbc 

itltuflfw  fvbyib fpjnbc fnjvpt fhct,ekb sfdbceafkb 
tktmnhjyekb o.dbkb tsbit,f ,typjkbc iteqkt,ek 

π-cbcntvfc& fvbc ufvj flubkb fmdc /bgcjmhjvek uflfyfw-
dkt,fc& vfufkbsfl^ fybkbybc isfysmvbc vfmcbvevb vlt,f-

htj,c 280 yv-pt ~ε=1430`^ [jkj fybkbybc rfnbjybc isfy-

smvbc vfmcbvevb ~230 yv^ ε=160` f[kjcff ,typjkbc isfy-

smvbc vfmcbvevsfy ~203^5 yv^ ε=204`&  
 

yf[& 7& atyjkbc tktmnhjyekb cgtmnht,b tsfyjkib ~1` lf 
nenbc  o.fk[cyfhib ~2` 
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NH2 NH3
H+

OH-

λ=280 yv λ=230 yv 
 

  

 fvhbufl^ se fhjvfnekb yfthsbc bjybpfwbf 
bodtdc tktmnhjyjfmwtgnjhekb fy tktmnhj-
yjljyjhekb xfvyfwdkt,kt,bc sdbct,t,bc uf’-
kbtht,fc^ vfiby flubkb fmdc ,fnjmhjvek of-
yfwdkt,fc^ [jkj bctsb bjybpfwbbcfc^ hjltcfw 
xfvyfwdkt,tkb tsbit,f cfthsj iteqkt,ek 
jhvfub ,vt,bc cbcntvfc^ flubkb fmdc 
/bgcjmhjvek ofyfwdkt,fc& 

 
tktmnhjyekb cgtmnhjvtnhbbs itcf’kt,tkbf 

lflutybkb bmyfc yfthsib bctsb aeymwbehb ]ueat,bc - 
mhjvjajht,bc fhct,j,f^ hjvkt,bw itbwfdty ]thfl ,vt,c^ 
fhjvfnek cbcntvt,c^ rfh,jybkeh ]ueat,c lf c[df&  
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BYAHFOBSTKB CGTMNHJVTNHBF 

ITCFDFKB 

byahfobstkb c[bdt,bc ~4000-400 cv-1` isfysmvf 
bodtdc uflfcdkt,c vjktrekbc h[tdbs tytutnbrek 
ljytt,c ijhbc& fvbnjvfw byahfobstk ~bo` cgtmnht,c 
tojlt,fs h[tdbsb cgtmnht,b& 

bo cgtmnhjvtnhbbc cfiefkt,bs [lt,f cfrdktdb 
ybdsbtht,bc vbth byahfobstkb ufvjc[bdt,bc isfysmvbc 
cb[ibhbc ufycfpqdhf& bo cgtmnhjvtnhbc ghbywbgekb cmtvf 
fyfkjubehbf eb cgtmnhjajnjvtnhbcf ~yf[& 2`& v[jkjl 
bo cgtmnhjvtnhib ufvjc[bdt,bc o.fhjl ufvjb.tyt,f 
cgtwbfkehb rthfvbrekb qthj ~cbkbnb`^ hjvtkbw tktm-
nhekb ltybc vbojlt,bcfc dfhdfhlt,f lf fc[bdt,c bo 
ufvjc[bdt,fc& rbedtnt,b lf fgfhfnbc jgnbrehb vjo.j-
,bkj,f ~ghbpvt,b^ cfhrtt,b lf c[df` lfvpflt,ekbf bctsb 
vfcfkbc vjyjrhbcnfkt,bcfufy^ hjvkt,bw ufvzdbhdfktt,b 
fhbfy bo e,fyib& fcts yfthst,c vbtresdyt,f NaCl, NaBr lf 
LiF& 

bo cgtmnhb ofhvjflutyc ufvnfht,kj,bc byntycb-

ehj,bc ~ghjwtynt,ib` 
0

100I
I

×  fy isfysmvbc ~ghjwtynt,ib` 

0

100 100
I
I

− ×
⎛ ⎞
⎜ ⎟
⎝ ⎠

 lfvjrblt,ekt,fc nfkqeh hbw[dpt fy nfk-

qbc cbuh’tpt& .jdtksdbc bo cgtmnhpt vbtsbst,f hjujhw 
nfkqbc cbuh’tt,b ~vrv`^ bct nfkqehb hbw[dt,b ~cv-1`& 
fvfcsfyfdt fqcfybiyfdbf^ hjv fv erfyfcrytkc ghfmnbrekb 
sdfkcfphbcbs eahj lblb ufvj.tyt,f fmdc&  

vjktrekbc h[tdbsb vj’hfj,t,b itb’kt,f lfb.jc 
jh ‘bhbsfl nbgfl% dfktyneh lf ltajhvfwbek h[tdt,fl& 

dfktynehb h[tdt,b tojlt,f bcts h[tdt,c^ hjltcfw 
flubkb fmdc mbvbehb ,vbc cbuh’bc wdkbkt,fc ~ufphlfc fy 
itvwbht,fc` fye flubkb fmdc h[tdfc ,vbc ufcodhbd& dfkty-

 
 

26 

nehb h[tdt,b fqbybiyt,f ν cbv,jkjsb& tc cbv,jkjt,b 
pjubths itvs[dtdfib ufvjb.tyt,f byltmct,sfy thsfl^ 
hjvkt,bw vbesbst,ty^ se hjvtkb ]ueabc h[tdfc 
ittcf,fvt,f tc nfkqehb hbw[db& dfktynehb h[tdt,b 

itcf’kt,tkbf b.jc cbvtnhbekb ~νs` lf fcbvtnhbekb ~νas`& 
cbvtnhbekb lf fcbvtnhbekb dfktynehb h[tdt,b 
cmtvfnehfl itb’kt,f ofhvjlubyltc itvltuyfbhfl%  

C
HH

C
HH

fcbvtnhbekb
νasCH2

cbvtnhbekb
νsCH2  

 
ltajhvfwbekb tojlt,f h[tdt,c^ hjvkbc lhjcfw 

flubkb fmdc dfktyneh ,vt,c ijhbc res[tt,bc wdkbkt,fc& 

fcts h[tdt,c fqybiyfdty δ cbv,jkjsb lf fyc[dfdt,ty 

cbvtnhbek ~δs` lf fcbvtnhbek ~δas` ltajhvfwbek h[t-
dt,c& ltajhvfwbekb h[tdt,bc eahj vbf[kjt,bs lfcf[f-
cbfst,kfl pju]th wfkrt ufvj.jaty #vfrhfntkbct,eh@^ 
#mfymfhbct,eh@^ #vfhfjct,eh@ lf #uht[dbs@ h[tdt,c& fv 
jhb erfyfcrytkb ltajhvfwbekb h[tdbcfc fnjvt,b ufvj-
lbfy cb,hn.blfy lf [fcbfslt,bfy cecnb byntycbehj,bc 
isfysmvbc pjkt,bs&  

 
 

C
HH

C
HH

C
HH

C
HH

vfrhfntkbct,ehb
δCH2

mfymfhbct,ehb
δCH2

uht[dbsb
δCH2

vfhfjct,ehb
δCH2  

 
 
bo cgtmnhjvtnhbbs itcf’kt,tkbf vhfdfkb jhuf-

yekb yfthsbc bltynbabrfwbf& bub ‘bhbsflfl ufvjb.tyt,f 
yfthsib aeymwbehb ]ueat,bc lfcflutyfl^ dbyfblfy .dtkf 
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aeymwbeh ]ueac uffxybf lfvf[fcbfst,tkb isfysmvbc 
pjkb& vjktrekfib fnjvt,bc h[tdt,bcf lf isfysmvbc 
pjkt,bc pecnb uffyufhbit,f cfrvfjl hsekbf^ fvbnjv bo 
cgtmnht,bc ufibadhfib ‘bhbsflfl ufvjb.tyt,f fnjvt,bcf 
se aeymwbehb ]ueat,bc isfysmvbc pjkt,bc tvgbhbekb 
vbcflfut,f w[hbkeh vjyfwtvt,sfy&  

bo cgtmnhbc fyfkbpbcfc cgtmnhc gbhj,bsfl .jaty 
itvltu e,yt,fl% 

 3700-2800 cv-1 e,fyb^ hjvtkibw dkbylt,f C-H, O-H, 
S-H ,vt,bc dfktynehb h[tdt,b* 

 2500-1900 cv-1 e,fyb^ hjvtkibw dkbylt,f C≡C, C≡N 
lf revekbht,ekb gjkbtyt,bc >C=C=C< dfkty-
nehb h[tdt,b* 

 1900-1300 cv-1 e,fyb^ hjvtkibw dkbylt,f C=O, 
C=C, C=N, NO2 lf c[df ]ueat,bc dfktynehb 
h[tdt,b* 

 1300-900 cv-1 e,fyb^ hjvtkibw dkbylt,f C-O, C-C, 
C-N, N-O dfktynehb lf N-H, C-H, O-H ltajh-
vfwbekb h[tdt,b& dbyfblfy fv erfyfcrytk e,fyib 
flubkb fmdc thsvfub ,vt,bc hjujhw ltajhvfwbek^ 
bct dfktyneh h[tdt,c^ cgtmnhb vjbwfdc isfysmvbc 
vhfdfkhbw[jdfy cthbfc^ hjvtksf vbresdyt,f 
hjvtkbvt rjyrhtnekb ]ueabcflvb cfrvfjl hse-
kbf& yfthsbc isfysmvbc cgtmnhb fv e,fyib vybidyt-
kjdyfl bwdkt,f vjktrekfib cek evybidytkj 
wdkbkt,t,bc itnfybcfc& fmtlfy ufvjvlbyfht^ fv 
e,fyc #sbst,bc fyf,tzlt,bc@ e,fycfw eojlt,ty& 
hjvtkbvt jhb yfthsbc bltynehj,bc lflutyf coj-
htl fv e,ybc itlfht,bs [lt,f&  

 900-650 cv-1 e,fyb& vfcib dkbylt,f wbrkehb^ fvbyj- 
lf fvblyfthst,bc C-H ,vt,bc ltajhvfwbekb h[t-
dt,b& fv e,fyib vfqfkb byntycbehj,bcf lf lblb 
hfjltyj,bc isfysmvbc pjkt,bc fhct,j,f vbesbst,c 
yfthsbc fhffhjvfnekj,fpt& ufhlf C-H ,vt,bc h[t-
dt,bcf^ flubkb fmdc fuhtsdt yf[hibh,fl-/fkjutybc 
,vbc vf[fcbfst,tkb isfysmvbc pjkt,bc ufvjdktyfc&  
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bo cgtmnhbc ufy[bkdbcfc .ehflqt,f eylf vbtmwtc 
bcts jh gfhfvtnhc^ hjujhbwff isfysmvbc vfmcbvevbc 
vlt,fhtj,f lf isfysmvbc byntycbehj,f& hjujhw ptvjs 
b.j fqybiyekb^ isfysmvbc vfmcbvevbc vbcflfut,f stjhbek 
vybidytkj,fcsfy [lt,f w[hbkt,bc ufvj.tyt,bs& hjujhw 

otcb^ isfysmvbc pjkb eylf vjb’t,yjc ≈10 cv-1 bynthdfkib^ 
ufhlf ufycfresht,ekfl fqybiyekb itvs[dtdt,bcf& fvf se 
bv aeymwbehb ]ueabc isfysmvbc pjkb abmcbht,ekb fh 
fhbc^ dbyfblfy vfcpt vjmvtlt,c bctsb ibyfufyb lf ufhtufyb 
afmnjht,b^ hjujhbwff cjkdfnfwbf^ vjktrekfsijhbcb 
lf ibufvjktrekehb o.fk,flehb ,vt,b^ vtpj,tkb 
]ueat,bc tktmnhjyekb tatmnt,b^ cbdhwbsb lf’f,ekj-
,t,b lf c[df cnthbekb afmnjht,b& 

 

1& BYNTYCBEHJ<F 

]th]thj,bs fh fhbc yfgjdyb eybdthcfkehb 
velvbdf byahfobstkb isfysmvbc byntycbehj,bc lfcf[fcb-
fst,kfl^ hflufy isfysmvbc pjkbc cbufyt lfvjrblt,ekbf 
cgtmnhjajnjvtnhbc zhbkbc cgtmnhfkeh cbufytpt& 

hfjltyj,bs jhufyek mbvbfib isfysmvbc pjkbc 
byntycbehj,fc fqybiyfdty gbhj,bsfl ‘‘ ~’fkbfy ‘kbthb`^ ‘ 
~’kbthb`^ cfi ~cfiefkj`^ c ~cecnb` lf f&i& w[flbf^ 
byntycbehj,bc fctsb lf[fcbfst,f pecnb fh fhbc lf 
fnfht,c ce,btmneh [fcbfsc& 

 
 
 

2& VBCFLFUT<F 

vjktrekf^ hjvtkbw itlut,f n fnjvbcfufy fmdc 3n 
sfdbceakt,bc [fhbc[b& fmtlfy cfvb vbtresdyt,f uflfflub-
kt,fc^ cfvb rb - ,heydbsc ~ohabdb vjktrekt,bc^ vfufkb-
sfl tsbybc itvs[dtdfib - jhb`& lfyfhxtyb 3n-6 ~ohabdb vj-
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ktrekt,bcfsdbc 3n-5` ufytresdyt,f h[tdbs vj’hfj,t,c& tc 
‘bhbsflb h[tdt,b isfysmfdty bo ufvjc[bdt,fc& vfuhfv 
isfysmvbc pjkt,bc hbw[db .jdtksdbc fh tvs[dtdf 
‘bhbsflb h[tdt,bc hfjltyj,fc^ dbyfblfy se h[tdf fh 
bodtdc vjktrekbc lbgjkehb vjvtynbc wdkbkt,fc^ vfiby 
bub fh isfysmfdc bo ufvjc[bdt,fc& vfufkbsfl^ tstybc C=C 
,vbc h[tdf fh isfysmfdc bo e,fyib tythubfc lf^ itcf,fvbcfl^ 
vbcb isfysmvbc pjkb fh dkbylt,f bo e,fyib&  

‘bhbsflb h[tdt,b erdt b.j vjwtvekb obyf gfhfu-
hfaib& vfssfy thsfl pju]th sfdc bxtyc c[df nbgbc 
h[tdt,bw& 

 
j,thnjyt,b& vfs uffxybfs cb[ibht^ hjvtkbw 

ofhvjflutyc ‘bhbsflb h[tdbc cb[ibhbc ufjhvfut,ek 
cblbltc^ sevwf vfsb byntycbehj,f itlfht,bs vwbhtf& 
vfufkbsfl^ rfh,jybkehb ]ueabc isfysmvbc pjkb 
vlt,fhtj,c 1715 cv-1-pt^ [jkj j,thnjyb rb dkbylt,f 3430 
cv-1-pt& 

rjv,byfwbehb cb[ibhtt,b& rjv,byfwbehb cb[ibhtt,b 
b’ktdbfy cecn pjkt,c& vfsb cb[ibht tvs[dtdf ‘bhbsflb 
h[tdt,bc cb[ibhtt,bc vybidytkj,bc ]fvc fy c[dfj,fc& t&b 
‘bhbsflvf h[tdt,vf x lf y itb’kt,f ufvjbodbjc ~x+y` lf 
~x-y` cv-1-pt cecnb isfysmvbc pjkt,b& 

cgtmnht,pt vjmvtlt,c fuhtsdt bctsb afmnjht,b^ 
hjujhbwff ehsbthsmvtlt,f lf athvbc htpjyfycb& 

 
ehsbthsmvtlt,f& ‘fkbfy [ibhfl isfysmvbc pjkb 

fh gfce[j,c hjvtkbvt thsb ]ueabc h[tdfc& ehsbths-
mvtlt,bc vjdktyfc flubkb fmdc vfiby^ hjltcfw vjktrekf 
itbwfdc f[kj ufykfut,ek jh ,vfc^ hjvtksfw thsyfbhb 
cbvtnhbf fmds& fctsb isfysmvbc pjkt,b byntycbehbf lf 
isfysmvf [lt,f thsb lf bubdt e,fyib& fuhtsdt eylf 
udf[cjdltc^ hjv ehsbthsmvtlt,fv itb’kt,f uflfflubkjc 
isfysmvbc pjkb lfvf[fcbfst,tkb cb[ibhblfy^ pjubths 
itvs[dtdt,ib rb ~vfufkbsfl v;fdt,ib lf fvblt,ib` 
ehsbthsmvtlt,bs ofhvjij,bkb isfysmvbc pjkt,b sfdfl 
ofhvjflutyty vf[fcbfst,tk gbrt,c& 
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athvbc htpjyfycb& se j,thnjyb fy rjv,byfwbehb 
cb[ibht vjsfdct,ekbf ‘bhbsfl cb[ibhtcsfy f[kjc^ vfiby 
vfsb cb[ibht itb’kt,f fyjvfkehfl ufbpfhljc fy 
ufb[kbxjc& j,thnjybc fy rjv,byfwbehb cb[ibhbc fcts 
ehsbthsmvtlt,fc ‘bhbsfl cb[ibhtcsfy tojlt,f athvbc 
htpjyfycb& bub sfdc bxtyc bv itvs[dtdfib^ hjltcfw jhbdt 
h[tdfc thsyfbhb cbvtnhbf fmdc& 

 
 
 

3& ”BHBSFLB DFKTYNEHB CB{IBHBC 
UFVJSDKF 

evfhnbdtcb vjltkbc sfyf[vfl^ jh fnjvc ijhbc 
rfdibhb h[tdflb pfv,fhbc fyfkjubehbf& ,vbc h[tdbsb 
vj’hfj,f fqbotht,f bvfdt rfyjybs^ hjvtkbw f[fcbfst,c 
pfv,fhbc h[tdbs vj’hfj,fc ~/erbc rfyjyb F= -kx`& 

fv rfyjybc ufvj.tyt,bs itcf’kt,tkbf ufvjsdkbkb 
b.jc jhb A lf B fnjvbc ‘bhbsflb dfktynehb h[tdbc 
cb[ibht% 

1 f=
2 c μ

ν
π

 

 

cflfw ν fhbc dfktynehb h[tdbc cb[ibht^ cv-1 
c - cbyfskbc cbxmfht^ cv$ov 
f- ,vbc ‘fkehb rjycnfynf^ lbyb$cv 

μ- lfrfdibht,ekb fnjvt,bc lf.dfybkb vfcf& bub 
bfyufhbit,f itvltub ajhvekbc cfiefkt,bs% 

 

A B

A B

M Mμ=
M +M

 

 
hjvtkibw M fhbc itcf,fvbcb fnjvbc vfcf uhfvt,ib& 
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‘fkehb rjycnfynt,b thsvfub^ jhvfub lf cfvvfub 

,vbcfsdbc lff[kjt,bs elhbc 5^ 10^ 15⋅105 lbyb$cv itcf,f-
vbcfl& 

tc cfiefkt,fc b’ktdf^ #fb[cyfc@ ~pfv,fhbc 
fyfkjubehfl` cfvvfub ,vf hfnjv fhbc yfrkt,fl lhtrflb& 
‘fkehb rjycnfynbc pecnb vybidytkj,f lfvjrblt,ekbf 
vjktrekfib ,vbc ufhtvjwdfpt lf^ hjujhw otcb^ ufyb-
cfpqdht,f bo cgtmnhblfy& 

 
 
 

4& }UEAEHB H{TDT<B 

aeymwbehb ]ueabc ibuybs ,vt,bc ehsbthsmvtlt,f 
[fcbfslt,f vrfwhb velvbdj,bs lf evybidytkjl fhbc lfvj-
rblt,ekb bv yf[ibh,fljdfyb xjyx[bc fut,ekt,fcsfy^ 
hjvtksfyfw bub fhbc lfrfdibht,ekb& fvbnjv itcf’kt-
,tkbf lflutybkb bmyfc fv aeymwbeh ]ueacf lf vfs 
]ueaeh cb[ibhtc ijhbc itcf,fvbcj,f& cojhtl fv vbptpbc 
ufvj bo cgtmnhjvtnhbf ‘bhbsflfl ufvjb.tyt,f v[jkjl 
aeymwbehb ]ueat,bc lfcflutyfl& 

 
 
 
 

5& FKRFYT<B LF WBRKJFKRFYT<B 

fkrfyt,bcf lf wbrkjfkrfyt,bc C-H ,vbc dfktynehb 
h[tdt,b dkbylt,f 3000 cv-1-pt mdtvjs& ufvjyfrkbcc 

ofhvjflutyc wbrkjghjgfyb^ hjvkbc νCH=3050 cv-1& 
-CH2- lf -CH3 ]ueat,b dkbylt,bfy le,ktnbc cf-

[bs^ [jkj vtsbyehb CH ]ueabc isfysmvbc pjkb ofh-
vjflutyc cbyuktnc lf vlt,fhtj,c 2890 cv-1-pt& 
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vtsbkehb lf vtsbktyehb ]ueat,b isfysmfdty 
fuhtsdt 1465-1460 cv-1 e,fyib^ hfw ufygbhj,t,ekbf 
vtsbkbc ]ueabc fcbvtnhbekb ltajhvfwbekb h[tdbs lf 
vtsbktybc ]ueabc vfrhfnkbct,ehb h[tdbs& 

wbrkjfkrfyt,bc isfysmvbc pjkt,b 1460 cv-1-pt 
eahj vf[dbkbf^ hflufy fh itbwfdty vtsbkbc ]ueat,c & 

vtsbkbc ]ueabc cbvtnhbek ltajhvfwbek h[tdfc 
ittcf,fvt,f isfysmvf 1380 cv-1-pt lf ofhvjflutyc ths-ths 
vybidytkjdfy vf[fcbfst,tk pjkc& tc isfysmvf wfkcf[fl 
vbesbst,c yfthsib vtsbkbc ]ueabc fhct,j,fc lf gbhbmbs& 
fqybiyekb isfysmvbc pjkb bctsb hflbrfkt,bcfsdbc^ 
hjujhbwff bpjghjgbkb^ vtcfvekb ,enbkb^ ufybwlbc 
uf[ktxfc lf dkbylt,f le,ktnbc cf[bs& /tmcfybcf lf 
wbrkj/tmcfybc bo cgtmnht,b vjwtvekbf yf[& 8-pt& 

 

6& FKRTYT<B 

fkrtyt,bc C=C ,vf isfysmfdc 1650±20 cv-1 e,fyib& 
isfysmvbc gbrb [fcbfslt,f cfiefkj byntycbehj,bs& vbcb 
vlt,fhtj,f fh fhbc lfvjrblt,ekb xfvyfwdkt,kt,bc 
,eyt,fpt& dbybkehb o.fk,flt,b =C-H isfysmfdty 3000 cv-1-
pt ptdbs& tc isfysmvf ufvjb.tyt,f jhvfub ,vbcf lf vbybvev 
thsb dbybkehb o.fk,flbc fhct,j,bc lfcflfcneht,kfl& 
vfuhfv fkrtyt,bc cnhemnehbc lflutybcfsdbc eahj 
vybidytkjdfybf isfysmvf 1000-800 cv-1 e,fyib^ cflfw 
flubkb fmdc C=C-H ,vt,bc fhf,hn.tk ltajhvfwbek 
h[tdt,c& fv ]ueabc isfysmvbc vlt,fhtj,f rb ‘kbth fhbc 
lfvjrblt,ekb xfvyfwdkt,kt,pt^ hjujhw tc yfxdtyt,bf  
w[hbkb 3-ib& 
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yf[& 8&  /tmcfybcf  lf wbrkj/tmcfybc  bo cgtmnht,b 

4000 3000 2500 2000 20001500 1000 800 700

2.5 3 4 5 5 6 7 8 9 10 11 12 13 14 15 16

100%

50

4000 3000 2500 2000 20001500 1000 800 700

2.5 3 4 5 5 6 7 8 9 10 11 12 13 14 15 16

100%

50
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w[hbkb 3& fkrtyt,bc ‘bhbsflb isfysmvt,b bo e,fyib 

fkrtybc 
nbgb νCH νC=C 

νC=C-H, 
,hn.tkb 

δC=C-H 
fhf,hn.tkb 

C C
H

H

H

R

 
>3000 1645 

~cfi` 
1445 

~cfi-c` 
990 
~’` 

C C
H

H

R

R

 
>3000 1655 

~cfi` 
1455 

~cfi-c` 
890 
~’` 

C C
H

R

H

R

 
>3000 1660 

~cfi` 
1415 

~cfi-c` 
735-670 

~’` 

C C
R

H

H

R

 
>3000 1670 

~cfi` 
1300 

~cfi-c` 
965 
~’` 

C C
H

R

R

R

 
>3000 1670 

~cfi` 
1415 

~cfi-c` 
840-805 

~’` 

C C
R

R

R

R

 
 1670 

~c`   

 

7& FKRBYT<B 

vfhnbdb fkrbyt,bc isfysmvf bo e,fyib dkbylt,f 
cfiefkj byntycbehj,bc gbrt,bc cf[bs 2250-2100 cv-1 
e,fyib& nthvbyfkehb cfvvfub ,vbc vmjyt yfthst,bc isfy-
smvbc pjkt,b eahj lblb byntycbehj,bs [fcbfslt,bfy^ 
dblht jhxfyfwdkt,ekb fwtnbktyt,b& cbvtnhbek fkrb-

yt,ib R-C≡C-R rb isfysmvbc tc pjkb itb’kt,f cfthsjl fh 
ufvjdkbyltc& 
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≡C-H  ,vbc isfysmvbc pjkb vlt,fhtj,c 3300 cv-1 
e,fyib& yf[& 9-pt vjwtvekbf 5-atybk-1-gtynbybc bo 
cgtmnhb& 

 

 
 

 

8& FHTYT<B 

vbe[tlfdfl bvbcf^ hjv fhjvfnekb yf[ibh-
o.fk,flt,b vstk bo e,fyib isfysmfdty^ xdty .ehflqt,fc 

itdfxtht,s itvltu cfv lbfgfpjypt% >3000 cv-1^ 2000÷1400 
cv-1^ 900-675 cv-1& 

e,fyb_>3000_cv-1& CAr-H ,vbc dfktynehb h[tdt,b 
itbybiyt,f 3080-3030 cv-1 e,fyib cfiefkj fy cecnb 
byntycbehj,bc isfysmvbc pjkt,bc cf[bs& dbyfblfy fv 
e,fyib isfysmfdty fkrtyt,bw^ fvbnjv fqybiyekb 
isfysmvbc pjkt,bs itb’kt,f v[jkjl dbdfhfeljs 
fhjvfnekb yfthsbc fhct,j,f& vfmcbvfkehfl xfyfw-
dkt,ekb fhjvfnekb yfthst,bcfsdbc tc isfysmvbc pjkb 
lfvf[fcbfst,tkb fh fhbc& 
e,fyb_2000-1400_cv-1& ,typjkbc ofhvjt,ekt,b .jdtksdbc 
b’ktdbfy isfysmvbc js[ pjkc 1650-1400 cv-1 e,fyib& tc 

yf[& 9&  5-atybk-1-gtynbybc  bo cgtnhb 

4000 3000 2500 2000 20001500 1000 800 700

2.5 3 4 5 5 6 7 8 9 10 11 12 13 14 15 16

100%

50
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isfysmvbc pjkt,b ufvjodtekbf C=C ,vbc dfktynehb 
h[tdt,bs lf vjsfdct,ekbf 1600^ 1585^ 1500 lf 1450 cv-1-bc 
cbf[kjdtc& 2000-1600 cv-1 e,fyib flubkb fmdc j,thnjyt,cf 
lf rjv,byfwbeh h[tdt,c& tc erfyfcrytkyb ‘kbth cecnb 
byntycbehj,bs [fcbfslt,bfy lf dkbylt,bfy v[jkjl 
yfthsbc lblb rjywtynhfwbbc lhjc& vbe[tlfdfl vfsb vwbht 
byntycbehj,bcf^ vfs pju]th ‘kbth vybidytkjdfyb 
byajhvfwbbc vjwtvf ite’kbfs& rth’jl^ isfysmvbc 
ghjabkbc vb[tldbs itb’kt,f dbcfe,hjs jh- lf vtn-
xfyfwdkt,ekb ,typjkt,bc bpjvtht,pt ~yf[& 10`& 

e,fyb_ 900-675_cv-1&  900-675 cv-1 e,fyib ,typjkbc 
ofhvjt,ekt,b [fcbfslt,bfy byntycbehb isfysmvbc pjkt-
,bs^ hjvkt,bw ufvjodtekbf fhjvfnekb C-H ,vt,bc fhf-
,hn.tkb h[tdt,bs& tc isfysmvbc pjkt,b^ hjujhw 2000-
1600 cv-1 e,ybc j,thnjyt,b^ vybidytkjdfyb byajhvfwbbc 

yf[& 10& ,typjkt,bc isfysmvbc bo cgtmnht,b 
 

100%

50

vjyj jhsj~1^2` vtnf~1^3`
100%

50

gfhf ~1^4`gfhf ~1^4` 1^2^3-nhb 1^2^4-nhb
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vfnfht,kt,b fhbfy bpjvtht,bc lflutyfib ~w[hbkb 4`& 
 
 
 

w[hbkb 4& fhjvfnekb C-H ,vt,bc isfysmvt,b 900-675 cv-1  
e,fyib 

bpjvthb 
isfysmvbc 

pjkb 
cv-1 

bpjvthb 
isfysmvbc 

pjkb 
cv-1 

vjyj 770-735 
710-685 

1^2^3- 800-770 
720-685 

1^2- 760-745 1^2^4- 900-860 
860-810 

1^3- 
900-860 
790-770 
725-685 

1^3^5- 900-860 
865-810 
730-675 

1^4- 830-800   
 
 
 
 
 
yf[& 11-pt vjwtvekbf ,typjkbcf lf 1^2-lbvtsbk-

,typjkbc ~j-mcbkjkbc`  bo cgtmnhb& 
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yf[& 11&  fhjvfnekb yfthst,bc bo cgtmnht,b%  ,typjkb^ 
1^2-lbvtsbk,typjkb 

4000 3000 2500 2000 20001500 1000 800 700

2.5 3 4 5 5 6 7 8 9 10 11 12 13 14 15 16

100%

50

4000 3000 2500 2000 20001500 1000 800 700

2.5 3 4 5 5 6 7 8 9 10 11 12 13 14 15 16

100%

50
CH3

CH3
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9&  FKLT/BLT<B LF RTNJYT<B 

.dtkf C=O ,vbc isfysmvbc pjkb vlt,fhtj,c 1900-
1550 cv-1 e,fyib& fv bynthdfkib vbcb pecnb vlt,fhtj,f 
lfvjrblt,ekbf rfh,jybkehb ]ueabc xfvyfwdkt,kt,pt& 
rth’jl^ rfh,jyv;fdt,ib fv ]ueac ittcf,fvt,f eahj 
vfqfkb cb[ibht^ dblht rtnjyt,ib& rfh,jybkehb ]ueabc 
isfymvbc lfvjrblt,ekt,f vbc fqyfuj,fcsfy cmtvtnehfl 
mdtvjs fhbc ofhvjlutybkb& 

 
 

C
OH

O
C

CH3

O
C

OR

O
C

H

O
C
O

C
N

O

bphlt,f cb[ibht                                                          
 

fklt/blehb ]ueabc isfysmvbc pjkb vlt,fhtj,c 
1725 cv-1-pt& fhjvfnek lf e]th fklt/blt,ib C=O ,vbc 
jhvfu ,vfcsfy iteqkt,bc ufvj isfysmvfc flubkb fmdc 
itlfht,bs vwbht cblblbc cb[ibhtpt& 

 

C H
O

Alk C H
O

C C
C

O
H

C
C

C
H

O

νC=O  1725 cv-1 νC=O  1700 cv-1 νC=O  1685 cv-1

 
 

 
 
fmdt eylf fqbybiyjc^ hjv fv e,fyib isfysmvf 

v[jkjl C=O ,vbc fhct,j,fpt vbesbst,c& fklt/blt,bc 
bltynbabrfwbbcfsdbc fewbkt,tkbf .ehflqt,f vbtmwtc 
le,ktnc 2820-2720 cv-1 e,fyib^ dbyfblfy bub ufvjodtekbf 
rfh,jybkehb C=O ,vbc dfktynehb h[tdbs& 
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C=O ,vbc dfktynehb h[tdt,b fkbwbrkeh lbfk-
rbk- lf wbrkj/tmcfyjyt,ib itbybiyt,f 1715 cv-1-pt& C=O 
,vbc iteqkt,bc tatmnb rtnjyt,ib^ bctdt hjujhw fklt-
/blt,ib^ bodtdc isfysmvbc pjkbc uflfflubkt,fc itlf-
ht,bs uh’tknfkqjdfy e,fyib& C=O ,vbc isfysmvbc pjkbc 
vlt,fhtj,bc lfvjrblt,ekt,f rtnjybc fqyfuj,fcsfy 
vjwtvekbf w[hbkb 5-ib& 

wbrkeh rtnjyt,ib C=O ,vbc vlt,fhtj,f lfvjrblt-
,ekbf wbrkbc pjvfpt lf wbrkehb lf’f,ekj,bc phlfcsfy 
thsfl isfysmvbc pjkb eahj vtnfl uflfflubklt,f 
vfhw[ybd ~b[& w[hbkb 6`& 

 

w[hbkb 5& rtnjyt,bc fqyfuj,bc ufdktyf C=O ,vbc isfysmvbc 
pjkbc vlt,fhtj,fpt 

rtnjybc nbgb νC=O^ cv-1 rtnjybc nbgb νC=O^ cv-1 

Alk C
Alk

O

 
1715 C C

Alk

OC

 

1675 

C
Alk

O

 
1690 C

O  
1665 

   
rfh,jybkehb ]ueabc isfysmvbc pjkbc byntycbehj,f 

lfvjrblt,ekbf X-C-C=O ]ueabc jhof[yfuf res[bc cblb-

ltpt& hjltcfw res[bc vybidytkj,f 0 °C enjklt,f^ 
isfysmvbc byntycbehj,f vfmcbvfkehb [lt,f& yf[& 12 lf  
yf[& 13-pt vjwtvekbf tsfyfkbcf  lf ,enfyjybc bo 
cgtmnht,b& 
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yf[& 12& tsfyfkbc  bo cgtmnhb 

yf[& 13& ,enfyjybc bo cgtmnhb 
 

4000 3000 2500 2000 20001500 1000 800 700
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100%

50

CH3 C
O

H
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100%

50

O
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w[hbkb 6& wbrkbc pjvbc lfvjrblt,ekt,f C=O ,vbc isfysmvbc 
pjkbc vlt,fhtj,fpt 

 

rtnjybc nbgb νC=O, 
cv-1 

rtnjybc nbgb νC=O, 
cv-1 

wbrkj/tmcfyjyb 1715 wbrkj,enfyjyb 1780 
wbrkjgtynfyjyb 1745 wbrkjghjgfyjyb 1638 

 

10& RFH<JYV:FDT<B LF VFSB 
OFHVJT<EKT<B 

rfh,jmcbkbc ]ueac fmdc jhb vf[fcbfst,tkb 
isfysmvbc pjkb& thsb vfsufyb ufvjodtekbf rfh,jmcbkbc 
O-H ]ueabc dfktynehb h[tdbs lf dkbylt,f 3300-2500 cv-

1-pt isfysmvbc afhsj pjkbc cf[bs& gbrbc fctsb ajhvf 
lfrfdibht,ekbf rfh,jmcbkbc ]ueat,bc vbth ofhvjmvybk 
o.fk,fleh ,vt,sfy& 

vtjht isfysmvbc pjkb vlt,fhtj,c 1720-1710 cv-1 
e,fyib lf ittcf,fvt,f C=O ,vbc dfktyneh h[tdfc& yf[& 
14-pt vjwtvekb ,typjv;fdfc bo cgtmnhb vjbwfdc fv 
isfysmvbc pjkt,c& fhjvfnekb rfh,jyv;fdt,bc bo 
cgtmnht,ib fhjvfnekb C-H ,vt,bc dfktyneh h[tdt,c 3000 
cv-1-pt afhfdc OH-bc dfktynehb h[tdbc isfysmvbc pjkb& 

rfh,jyv;fdt,bc mkjhfy/blhblt,ib C=O ,vbc 

isfysmvbc pjkb vlt,fhtj,c ≈1810 cv-1-pt^ hfw ufygbhj-
,t,ekbf mkjhbc fnjvbc tktmnhjyjfmwtgnjhekb sdbct-
,bs& rfh,jyv;fdfc mkjhfy/blhblt,c f[fcbfst,s jhb isfy-
smvbc pjkb^ hjvtkbw ittcf,fvt,f C=O ,vbc dfktyneh 
h[tdfc% 1820 cv-1 lf 1760 cv-1-pt& fv jhb isfysmvbc pjkbc 
ofhvjxbyt,f ufygbhj,t,ekbf rfh,jybkehb ]ueabc 
#cbvtnhbekb@ lf #fcbvtnhbekb@ h[tdt,bs& 
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O

C

C

O

R

O

R

O

C

C

O

R

O

R

fcbvtnhbekb

νC=O 1820 cv-1
cbvtnhbekb

νC=O 1760 cv-1
 

 
hsekb tstht,bc rfh,jybkbc ]ueabc dfktynehb 

h[tdf vlt,fhtj,c 1735 cv-1-pt& vbe[tlfdfl bvbcf^ hjv tc 
isfysmvbc pjkb itlfht,bs f[kjcff rfh,jybkbc ]ueabc 
isfysmvfcsfy 1750 cv-1^ hsekbf^ vfhnj fv isfysmvbc 
cfae’dtkpt ufdfhxbjs v;fdt,b lf hsekb tstht,b& 
tstht,bc fhct,j,f itb’kt,f lflfcneht,ek bmyfc jhb 
byntycbehb isfysmvbc vfmcbvevbs 1275-1185 cv-1 lf 1160-
1050 cv-1-pt& 

 
fvblt,ib C=O ,vbc dfktynehb h[tdbc vlt,fhtj,f 

lfvjrblt,ekbf fpjnbc fnjvbc fkrbkbht,bc [fhbc[pt& 
N-xfeyfwdkt,tkb fvblt,b C=O ,vbc dfktyneh h[tdfc 
b’ktdbfy 1725-1675 cv-1-pt^ N-vjyjxfyfwdkt,ekb fvblt,b- 

yf[& 14& ,typjv;fdfc bo cgtmnhb   

4000 3000 2500 2000 20001500 1000 800 700

2.5 3 4 5 5 6 7 8 9 10 11 12 13 14 15 16

100%

50 O OH
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1700-1650 cv-1-pt^ [jkj N,N-lbxfyfwdkt,ekb fvblt,b rb- 
1670-1630 cv-1-pt& 

 
 

11& FVBYT<B 

gbhdtkflb lf vtjhtekb fvbyt,bc bo cgtmnht,ib 
ths-thsb .dtkfpt vf[fcbfst,tkb isfysmvbc pjkb 
ufygbhj,t,ekbf N-H ,vbc dfktynehb h[tdbs& fhjvfnekb 
lf fkbafnehb gbhdtkflb lf vtjhtekb fvbyt,bc 
cgtmnht,b itbwfdty isfysmvbc jh pjkc 3490 cv-1 lf 3400 
cv-1-pt^ hjvtkbw ufygbhj,t,ekbf itcf,fvbcfl N-H ,vbc 
cbvtnhbekb lf fcbvtnhbekb dfktynehb h[tdt,bs& 
fvbyt,b^ cgbhnt,sfy itlfht,bs^ cecnfl^ vfuhfv vfbyw 
ofhvjmvybfy o.fk,fleh ,vt,c^ hjvtksf h[tdfw dkbylt,f 
3300-3000 cv-1-pt& 

bo cgtmnht,bs itcf’kt,tkbf gbhdtkflb^ vtjhtekb 
lf vtcfvtekb fvbyt,bc ufhxtdf& 3450-3300 cv-1 e,fyib 
gbhdtkflb fvbyt,b [fcbfslt,bfy isfysmvbc jhb pjkbs^ 
vfiby^ hjltcfw vtjhtek fvbyt,c fmds v[jkjl thsb 
isfysmvbc pjkb^ [jkj vtcfvekb fvbyt,b rb cfthsjl fh 
b’ktdbfy isfysmvfc fpjnbc fnjvpt o.fk,flbc 
fhfhct,j,bc ufvj& pju]th vfsb bltynbabrfwbbcfsdbc 
fvbyt,c ufhlfmvybfy mkjh/blhfnt,ib& RNH3

+ nbgbc 

vfhbkt,b isfysmvbc vfmcbvevc b’ktdbfy ≈3000 cv-1-pt^ 
R2NH2

+ lf R3NH+ nbgbc vfhbkt,b rb [fcbfslt,bfy 
isfysmvbc afhsj pjkbs 2700-2200 cv-1 e,fyib& vtjhtekb 
lf vtcfvtekb fvbyt,bc ufyc[dfdt,f^ hjujhw ptvjs b.j 
yf[ctyt,b^ vfsb sfdbceafkb cf[bs uflfqt,bcfc [lt,f&  

fhjvfnekb lf fhffhjvfnekb vtjhtekb fvbyt,bc 
ufyc[dfdt,fpt vbesbst,c isfysmvbc pjkbc pecnb 
vlt,fhtj,f 3450-3400 cv-1 e,fyib& fhjvfnekb vtjhtekb 
fvbyt,b itlfht,bs vfqfkb cb[ibhbc e,fyib isfysmfdty 
tythubfc^ dblht fkbafnehb vtjhtekb fvbyt,b& 

fvbyt,b b’ktdbfy fuhtsdt isfysmvbc pjkc 1350-
1200 cv-1 e,fyib^ hjvtkbw ufygbhj,t,ekbf C-N ,vbc 
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dfktynehb h[tdbs^ vfuhfv dbyfblfy fv e,fyib flubkb fmdc 
C-C lf C-O ,vbc dfktyneh h[tdt,cfw^ fvbnjv tc isfysmvf 
vf[fcbfst,tkb fh fhbc& 

fvbyt,bc  bo cgtmnht,bc cfltvjycnhfwbjl yf[& 15-pt 
lf yf[& 16-pt vjwtvekbf fybkbybc^ lbatybkfvbybcf lf 
gbhblbybc cgtmnht,b& 

 
 
 
 

yf[& 15& bo cgtmnht,b% fybkbyb^ lbatybkfvbyb 

4000 3000 2500 2000 20001500 1000 800 700

2.5 3 4 5 5 6 7 8 9 10 11 12 13 14 15 16

100%

50

NH2
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12& CGBHNT<B LF ATYJKT<B 

cgbhnt,bc ths-ths .dtkfpt lfvf[fcbfst,tk isfy-
smvfc ofhvjflutyc 3650-3000 cv-1 e,fyib isfysmvbc afhsj 
pjkb^ hjvtkbw ufvjodtekbf -OH ]ueabc dfktynehb 
h[tdbs& fctdt vybidytkjdfybf 1200-1000 cv-1 isfysmvbc 
fhfdbohj pjkb^ hjvtkbw ittcf,fvt,f C-O ,vbc dfktyneh 
h[tdfc& 

t&o& #OH-e,fyib@ itb’kt,f itbybiyjc -OH ]ueabc 
isfysmvbc hfvjltybvt nbgb& ceasf yfthst,bc fy rjywty-
nhbht,ekb [cyfht,bc uflfqt,bcfc cgtmnhpt sfdc bxtyc 
isfysmvbc cfrvfjl afhsj pjkb 3550-3200 cv-1 e,fyib^ hfw 
ufygbhj,t,ekbf vjktrekfsijhbcb o.fk,flehb ,vt,bs& 
fvfc flfcneht,c cgbhnt,bc fbhfl vlujvfhtj,fib fy ‘kbth 
ufypfdt,ekb ~<0&05 M` [cyfht,bc cf[bs uflfqt,f& 

cgbhnt,b^ ufhlf vjktrekfsijhbcb o.fk,flehb 
,vt,bcf^ [ibhfl iblfvjktrekeh o.fk,fleh ,vt,cfw 
ofhvjmvybfy& fcts lhjcfw bo cgtmnhpt dkbylt,f isfy-
smvbc afhsj pjkt,b& fv lhjc O-H ]ueabc isfysmvf 3650-
3550 cv-1 e,fyib dkbylt,f dbohj pjkt,bc cf[bs^ vfuhfv 

yf[& 16& gbhblbybc bo cgtmnhb 
 

4000 3000 2500 2000 20001500 1000 800 700

2.5 3 4 5 5 6 7 8 9 10 11 12 13 14 15 16

100%

50

N
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vfsb byntycbehj,f fh vwbhlt,f cby]bc rjywtynhfwbbc 
itvwbht,bcfc& 

RO-H RO-H O

H

R C

C

O

O

H

H
νOH~3650 cv-1

#sfdbceafkb@ OH ]ueab

νOH~3550-3200 cv-1

vjktrekfsijhbcb 

o.fk,flehb ,vf

νOH~3500-3000 cv-1

ibufvjktrekehb 

o.fk,flehb ,vf  
 
 
 
ceasf 2^3-lbvtsbk-1-gtynfyjkbc bo cgtmnhb itb-

wfdc v[jkjl o.fk,flehb ,vbs lfrfdibht,ek OH ]ueabc 
isfysmvbc pjkc ~yf[& 17` 

1050 cv-1 e,fyib fhct,ekb isfysmvbc pjkt,b ufygb-
hj,t,ekbf C-O ,vbc h[tdt,bs& fv isfysmvbc cfiefkt,bs 
pju]th itcf’kt,tkbf gbhdtkflb^ vtjhtekb lf vtcf-
vtekb cgbhnt,bc ufhxtdf ~b[& w[hbkb 7`& 

yf[& 17& 3^3-lbtsbk-1-gtynfyjkbc bo cgtmnhb 

4000 3000 2500 2000 20001500 1000 800 700

2.5 3 4 5 5 6 7 8 9 10 11 12 13 14 15 16

100%

50

OH
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w[hbkb 7& cgbhnt,bc C-O ,vbc vf[fcbfst,tkb isfysmvbc pjkt,b 

 

cgbhnb isfysmvbc e,fyb^ 
cv-1 

R3C-OH 
R2CH-OH 

(CH2)n C
R

OH 
 
RCH2-OH 

C CH CH

R

OH  
 

(CH2)n C
H

OH 
n=4-5 
 
lfyfhxtyb 

1200-1125 
 
 

1125-1085 
 
 
 
 
 
 

1085-1050 
 
 
 

<1050 

 
 
atyjkt,bc bo cgtmnht,b hfvltyflvt tvcufdct,f 

cgbhnt,bc bo cgtmnht,c^ hfw fhsekt,c vfs thsvfytsbcfufy 
ufhxtdfc& C-O ,vbc dfktynehb h[tdf atyjkt,ib itbybiyt,f 
1230 cv-1-pt& cgbhnt,bcfufy atyjkt,bc ufyc[dfdt,f 
fhjvfnekb ,bhsdbcfsdbc lfvf[fcbfst,tkb  isfysmvbc pj-
kt,bs [lt,f& yf[& 18-pt vjwtvekbf j-rhtpjkbc bo cgtm-
nhb& 
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yf[& 18& j-rhtpjkbc ~yfkqj,b` bo cgtmnhb 
 

4000 3000 2500 2000 20001500 1000 800 700

2.5 3 4 5 5 6 7 8 9 10 11 12 13 14 15 16

100%

50 OH

CH3
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<BHSDEK-VFUYBNEHB 
HTPJYFYCEKB CGTMNHJVTNHBF 

ITCFDFKB 

,bhsdek-vfuybnehb htpjyfycekb cgtmnhjvtnhbf 
lfae’yt,ekbf fnjvehb ,bhsdt,bc vfuybneh sdbct,t,pt& 

fnjv,bhsdt,b vj’hfj,ty cfresfhb qth’bc ufhitvj 
lf uffxybfs cfresfhb vj’hfj,bc hfjltyj,bc vjvtynb^ 
hjvtkcfw ,bhsdbc cgbyb tojlt,f& cgbyb [fcbfslt,f 
,bhsdekb cgbyehb hbw[dbs I^ hjvtkcfw ite’kbf vbbqjc 
0^ 1$2^ 3$2&&& vybidytkj,t,b lf ufybcfpqdht,f ,bhsdbc 
itvflutytkb ghjnjyt,bcf lf ytbnhjyt,bc hbw[dbs& 

ghjnjybcf lf ytbnhjybc cgbyehb rdfynehb hbw[db 

njkbf ½-bc& bvbclf vb[tldbs^ fv yfobkfrt,bc cgbyt,b 
,bhsdib lfo.dbkt,ekbf se fhf^ ,bhsdb itb’kt,f 
lf[fcbfsltc yekjdfyb fy fhfyekjdfyb ,bhsdekb cgbyehb 
rdfynehb hbw[dbs +& ytbnhjyt,bcf lf ghjnjyt,bc o.dbkb 

hfjltyj,bc itvwdtkb ,bhsdt,bc ~ 12
6C ^ 16

8O  ` ]fvehb cgbyehb 
vjvtynb yekbc njkbf& rtynb hfjltyj,bc ytbnhjyt,bcf lf 

ghjnjyt,bc itvwdtkb ,bhsdt,bcfsdbc ~ 14
7N ^ 2

1H ` rb- vstkb 

hbw[dbf ~I=1`& ,bhsdek vfuybnehb htpjyfycekb 
cgtmnhjvtnhbbcfsdbc eahj vtnfl cfbynthtcjf bc 
jhufyekb yfthst,b^ hjvkt,bw itbwfdty bctsb ,bhsdt,bc 
bpjnjgt,c^ hjvtksfw fmds rtynb hfjltyj,bc ytbnhj-

yt,bcf lf ghjnjyt,bc ]fvb ~ 1
1H ^ 19

9F ^ 13
6C  lf c[df`& fctsb 

fnjvt,bcfsdbc ,bhsdbc ]fvehb cgbyb elhbc ½-c& 
ufht vfuybneh H0 dtkib ,bhsdvf^ hjvtkcfw uffxybf 

cgbyehb rdfynehb hbw[db +^ itb’kt,f vbbqjc 2++1 jhbty-
nfwfbf^ fye lfbrfdjc 2++1 tythutnbrekb ljyt& 

fnjv,bhsdc cgbybs l=0 vfuybneh dtkib fmdc thsb 

tythutnbrekb ljyt ~2x0+1`^ fvbnjv fctsb ,bhsdt,b fh 
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ufvjb.tyt,bfy ,bhsdek vfuybnehb htpjyfycekb vtsjlbs 
rdktdbcfsdbc& 

o.fk,flbc ,bhsdbc ~ghjnjybc` cgbyehb hbw[db fhbc 

½& ghjnjyt,bcfsdbc^ hjvtksf lf’f,ekj,ff  H0^ ufht 
thsudfhjdfy vfuybneh dtkib itcf’kt,tkbf jhb 
jhbtynfwbf ~yf[& 19`% dtkbc vbvfhsekt,bs ~,bhsdek 

vfuybnehb vjvtynb μ gfhfktkehbf vjlt,ekb dtkbcf` lf 
dtkbc vbvfhsekt,bc cfobyffqvltujl ~,bhsdek vfuybnehb 

vjvtynb μ fynbgfhfktkehbf vjlt,ekb dtkbcf`& 
 
 

 
hjujhw cmtvblfy xfyc^ dtkbc ufcodhbd jhbtynfwbf 

tythutnbrekfl eahj vjvut,bfybf& fvbnjv mdtlf 
tythutnbrek ljytpt bfhct,t,c itlfht,bs vtnb ,bhsdt,b& 
ljytt,bc tythubt,c ijhbc ufyc[dfdt,f lfvjrblt,ekbf 

,bhsdbc vfuybnehb vjvtynbc cblbltpt μ lf vfuybnehb 
dtkbc lf’f,ekj,fpt H0& bub ufybcfpqdht,f itvltub sfyf-
afhlj,bs% 

yf[& 19 & vfuybneh dtkib ghjnjybc tythutnbrekb 
ljytt,bc uf[ktxf%  
E0– ,bhsdt,bc tythubf dtkbc fhfhct,j,bc itvs[dtdfib  
E1- dtkbc jhbtynfwbbc itcf,fvbcfl vbvfhsekb 
,bhsdt,bc tythubf 
E2 - dtkbc jhbtynfwbbc cfobyffqvltujl vbvfhsekb 
,bhsdt,bc tythubf 

E0 

E 2 

E 1 

E 
H0 
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ΔE=2μH0 
 
vtjhtc v[hbd^ mdtlf tythutnbrekb ljyblfy ptlf 

tythutnbrek ljytpt uflfcdkbcfc ,bhsdb isfysmfdc 
tythubfc ~gkfyrbc ufynjkt,f`& 

ΔE=hν 
 
fvbnjv 
 

hν=2μH0 

h
H 02μ

ν =  

 

cflfw ν fhbc tktmnhjvfuybnehb ufvjc[bdt,bc 
cb[ibht lf ittcf,fvt,f tythutnbrek ljytt,c ijhbc tyth-
ubbc c[dfj,fc& 

se ‘kbth vfuybneh dtkib vjsfdct,ek fnjv-
,bhsdpt dbvjmvtlt,s wdkflb vfuybnehb dtkbs lf 
itdwdkbs vbc cb[ibhtc ~hflbjcb[ibhbc e,fybf 10-500 v/`^ 

vfiby vfuybnehb dtkbc ufycfpqdhek cb[ibhtpt ν^ 
hjvtkbw ittcf,fvt,f rjyrhtnekb ,bhsdbc tythutnbrek 

ljytt,c ijhbc c[dfj,fc ΔE=hν^ flubkb tmyt,f fv ,bhsdbc 
vbth tythubbc isfysmvfc& bub mdtlf tythutnbrekb ljyblfy 
uflfdf ptlf tythutnbrek ljytpt& tc tythutnbrekb 
uflfcdkf abmcbhlt,f cgtmnhjvtnhbc vbth lf xfbotht,f 
gbrbc cf[bs& vfuybnehb dtkbc cb[ibhbc wdfkt,flj,bs 
itcf’kt,tkbf fqvjxtybkb bmyfc cfrdktd vjktrekfib 
itvfdfkb ,bhsdt,bc htpjyfycekb cbuyfkt,b fye vbqt,ekb 
bmyfc fyfkbpbcfsdbc ufyresdybkb yfthsbc ,bhsdek 
vfuybnehb htpjyfycekb cgtmnhb& 

lqtbcfsdbc ,bhsdek vfuybnehb htpjyfycekb 
cgtmnhjvtnhbf ufvjb.tyt,f H1^ F19, C13, P31 lf c[df 
fnjvt,bc fqvjcfxtyfl^ sevwf .dtkfpt ufdhwtkt,ek cf[tc 
ofhvjflutyc ,bhsdek-vfuybnehb htpjyfycekb cgtmnhj-
vtnhbf H1 fnjvt,bcfsdbc& cgtmnhjvtnhbbc fv cf[tc fctdt 
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tojlt,f ghjnjyek-vfuybnehb htpjyfycekb cgtmnhj-
vtnhbf& obyfvlt,fht sfdib ufy[bkekb bmyt,f cgtmnhjvtn-
hbbc cojhtl tc cf[t& 

,bhsdek-vfuybnehb htpjyfycbc cgtmnhjvtnhb 
itlut,f itvltub ‘bhbsflb yfobkt,bcfufy ~yf[& 20`% 

1. ‘kbthb vfuybnb^ hjvtkbw mvybc velvbd thsudf-
hjdfy vfuybneh dtkc lf’f,ekj,bs H0& 

2. hflbjcb[ibhbc ufvjc[bdt,bc utythfnjhb^ hjvtkbw 
mvybc wdkfl vfuybneh dtkc lf’f,ekj,bs H1& 

3. htpjyfycbc vfhtubcnhbht,tkb vjo.j,bkj,f& 
4. cffyfkbpj ybdsbtht,bc fvgekf& 

cby]bc fvgekfc fsfdct,ty ‘kbthb vfuybnbc gjke-
ct,c ijhbc& yfthsbc ‘kbth vfuybneh dtkib H0 itnfybc vj-
vtynib dtkbc ufcodhbd lf cfgbhbcgbhjl jhbtynbht,ekb 
fnjv,bhsdt,bc hfjltyj,f thsyfbhbf ~50% cfthsj 
hfjltyj,bc vb[tldbs`& H0 dtkib vj[dtlhbc itvltu flubkb 
fmdc tythubbc vbvjwdkfc ,bhsdt,bc cbcntvfcf ~#cgbyt,b@` lf 
ufhtvjc ~#vtcthb@` ijhbc^ hbc itltuflfw mdtlf tythut-

nbrek ljytpt ,bhsdt,bc hfjltyj,f cfrvfjl cohfafl 
bphlt,f lf fqotdc fnjv,bhsdt,bc cfthsj hfjltyj,bc 

yf[& 20& ghjnjyek-vfuybnehb htpjyfycbc cgtmnhjvtnhbc 
,kjr-cmtvf% 
             1- ‘kbthb vfuybnb^ 2-hflbjcb[ibhbc utythfnjhb^ 
             3- hflbjcb[ibhbc vbvqt,b^ 4- fvgekf cby]bs^ 
             5- sdbsxfvothb 

1 1 

2 3 5

4 
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50%-pt wjnf vtnc& fctsb ghjnjyt,b jhbtynbht,ekyb 
fhbfy H0 dtkbc ufcodhbd&  

gkfyrbc ufynjkt,blfy ufvjvlbyfht ~ΔE=hν`^ 
fhct,j,c bctsb tktmnhjvfuybnehb ufvjc[bdt,bc cb[ibht^ 
hjvtkbw ,bhsdbc ptlf tythutnbrek ljytcf ~H0 dtkbc 
cfgbhbcgbhjl jhbtynbht,ekb fnjv,bhsdt,b` lf mdtlf 
tythutnbrek ljytc ~H0 dtkbc ufcodhbd jhbtynbht,ekb 
fnjv,bhsdt,b` ijhbc c[dfj,bc njkbf& se ,bhsdpt 
dbvjmvtlt,s cojhtl fctsb tythubbc ~cb[ibhbc` 
tktmnhjvfuybnehb ufvjc[bdt,bs^ vfiby fnjv,bhsdt,b 
mdtlf tythutnbrekb ljyblfy uflfdkty ptlf tythutnbrek 
ljytpt lf gbhbmbs ~H0 dtkbc ufcodhbd jhbtynbht,ekb 
fnjv,bhsdt,b itbwdkbfy jhbtynfwbfc lf lfbrfdt,ty vbc 
vfvfhs cfgbhbcgbhj vbvfhsekt,fc lf gbhbmbs`& dbyfblfy 
sfdblfy mdtlf tythutnbrek ljytpt itlfht,bs vtnb 
fnjv,bhsdt,b bv.jat,jlyty^ fvbnjv tktmnhjvfuybnehb 
ufvjc[bdt,bc isfysmvbc itvltu ptlf tythutnbrek ljytpt 
itlfht,bs vtnb fnjv,bhsdb fqvjxylt,f& tc erfyfcrytkyb 
rb isfysmvbc cbuyfkt,bc cf[bs ofhvjlubylt,bfy H1-,vh 
cgtmnhpt& 

ufvjc[bdt,f^ hjvtkbw bodtdc #,bhsdekb 
vfuybnt,bc@ tythutnbrekb itvwdtkj,bc wdkbkt,fc^ 
vlt,fhtj,c tktmnhjvfuybnehb ufvjc[bdt,bc hflbj-
cb[ibhbc bynthdfkib& cb[ibhbc bv pecn vybidytkj,fc^ 
hjvtkbw vjwtvekb fnjvbc tythutnbrek ljytpt 
uflfcdkfc ittcf,fvt,f^ tojlt,f htpjyfycekb cb[ibht 
~vjwtvekb fnjv,bhsdbcfsdbc lf vjwtvek vfuybneh 
dtkib`& 

fmdt eylf itdybiyjs^ H1-,vh cgtmnhjvtnhbfib 
nthvbyb #htpjyfycb@ ufvjb.tyt,f cgtwbfkehb lfybiye-
kt,bs lf fhf fmdc cfthsj bv nthvbysfy^ hjvtkbw 
vjktrekt,bc cnhemneht,c itt[t,f& 
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1& MBVBEHB OFYFWDKT<F 

ptvjs vj.dfybkb ajhvekblfy ufvjvlbyfht^ 

H1-fnjv,bhsdbc isfysmvfc ittcf,fvt,f 1&41×104 ufecb dtkb 

60 v/w cb[ibhtpt^ [jkj 100 v/ cb[ibhtpt rb- 2&35×104 
ufecb& 

w[flbf^ yfthsib itvfdfkb .dtkf o.fk,flfnjvb hjv 
vfhnj fv cb[ibhtpt isfysmfdltc^ vfiby H1-,vh cgtm-
nhjvtnhbbc ufvj.tyt,f fphc lfrfhufdlf& cf,tlybthjl^ 
vfuybnehb dtkb^ hjvtkibw fhct,j,c vjwtvekb H1^ 
bidbfsfl ittcf,fvt,f H0-c& vbc yfwdkfl vfcpt vjmvtlt,c 
tatmnehb vfuybnehb dtkb Hta^ hjvtkbw hfvltyflvt 
ufyc[dfdlt,f H0-cfufy& tc ufyc[dfdt,f ufvjodtekbf bv 
ufhtvjt,bs^ hjv H0-bc ptvjmvtlt,bs sdbs vjktrekfib 
ofhvjbmvyt,f cfresfhb cecnb vfuybnehb dtkb^ hjvtkbw^ 
itvs[dtdblfy ufvjvlbyfht^ tvfnt,f fy frklt,f H0-c& 

vjlt,ekb vfuybnehb dtkbc itltufl ufvjodtekb 
,bhsdbc ufhitvj  tktmnhjyt,bc b’ekt,bsb vj’hfj,f 
ofhvjij,c lfvfnt,bs H’ vfuybneh dtkc^ hjvtkbw fhbc 
vbvfhsekb H0-bc cfgbhbcgbhjl& fvbc itltufl vjlt,ekb 
vfuybnehb dtkbc chekb lf’f,ekj,bcflvb ,bhsdb fhbc 
trhfybht,ekb lf fvfcsfyfdt trhfybht,bc tatmnbc pjvf 
H0-bc vybidytkj,bc ghjgjhwbekbf& 

 
 
 

2& AFHLJ<BSB MBVBEHB 
OFYFWDKT<F 

c[dflfc[df yfthsib ghjnjyt,bc htpjyfycekb 
cb[ibhtt,bc itlfht,bc vbpybs cfrdktd yfthsib^ hjujhw 
otcb^ fvfnt,ty bythnek cnfylfhnek yfthsc ~t&o& ibuf 
cnfylfhnb` lf vbqt,ekb cbuyfkt,bc vybidytkj,t,c 
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fbsdkbfy ibuf cnfylfhnbc vb[tldbs& fvltyfl bpjvt,f 

cbuyfkt,c ijhbc c[dfj,f Δν lf tc itb’kt,f itchekltc 
cfrvfjl lblb cbpecnbs& 

cnfylfhnbc cbuyfkbcf lf ufycfpqdhekb cbuyfkbc 
htpjyfycek cb[ibhtt,c ijhbc c[dfj,f ofhvjflutyc 
mbvbeh ofyfwdkt,fc& jhufyek ufv[cytkt,ib [cyflb 
yfthsbc ghjnjyek-vfuybnehb htpjyfycbc cgtmnhbc itc-
ofdkbcfc cnfylfhnek yfthsfl sbsmvbc .jdtksdbc ufvjb-
.tyt,f ntnhfvtsbkcbkfyb& 

Si CH3

CH3

H3C

CH3

 
ntnhfvtsbkcbkfyb (TMS` 

yf[& 21& tktmnhjyt,bc wbhrekfwbf lf 
htpeknfnehb bylemwbehb vfuybnehb dtkb^ 
hjvtkbw ufvjodtekbf fnjvpt vjlt,ekb 
vfuybnehb dtkbs H0& 
a-tktmnhjyt,bc wbhrekfwbbc vbvfhsekt,f 
b-bylewbht,ekb vfuybnehb dtkbc 
‘fkobht,b 
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hjvtkbvt vjwtvekb ,bhsdbc htpjyfycekb cb[ibht 

ufvjbcf[t,f /thwt,ib ~/w` lf lfvjrblt,ekbf vjlt,ek 
vfuybneh dtkpt& vjwtvekb ghjnjybc lf[fcbfst,bcfc hjv 
fh b.jc cfzbhj jhbdt vjyfwtvbc ~vfuybnehb dtkbc 
lf’f,ekj,bcf lf cnfylfhncf lf cfrdktd ybdsbtht,bc 
htpjyfycek cb[ibhtt,c ijhbc c[dfj,f` vbsbst,f^ mbvbehb 
ofyfwdkt,t,b ‘bhbsflfl ufvjbcf[t,f vbkbjyj,bs obkt,ib 

~vo` fy thstekt,ib ~δ`& 
 

6Δν×10τ=
cgtmnhjvtnhbc cfveifj cb[ibht ~ /w`

 

 
H1-,vh cgtmnhbc xfothfc f[ltyty bct^ hjv dtkbc 

lf’f,ekj,f ufbpfhljc vfhw[yblfy vfh]dybd& fv lhjc 
TMS-bc cbuyfkb^ hjvkbc ghjnjyt,bw .dtkfpt ‘kbth 
fhbfy trhfybht,ekyb^ bv.jat,f vfh]dtyf ufyfgbhf 
othnbkib& vbcb mbvbehb ofyfwdkt,f lfidt,ekbf 0-bc 

~0&00δ` njkfl& se vjwtvek fnjvpt vjmvtlb 
bylewbht,ekb vfuybnehb dtkb brhb,t,f vjlt,ek 
vfuybneh dtksfy thsfl ~t&b& se Hta>H0`^ vfiby fctsb 
ghjnjybcfsdbc htpjyfycb lflut,f vjcfkjlytkpt itlfht-
,bs yfrkt,b H0 vybidytkj,bcfsdbc& fctsb ghjnjyb ltp-
trhfybht,ekbf lf vbcb cbuyfkb vlt,fhtj,c itlfht,bs 
cecnb dtkbc e,fyib cnfylfhnsfy itlfht,bs& hfw eahj  
‘kbthbf ltptrhfybht,f^  vbcb cbuyfkb vbs eahj cecnb 
dtkbc e,fyib vlt,fhtj,c& cbuyfkt,bc evtntcj,f vlt,f-
htj,c TMS-bc cbuyfkbc vfhw[ybd ~eahj cecnb dtkbc 
e,fyib`& 
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3& MBVBEH OFYFWDKT<FPT VJMVTLB 
AFMNJHT<B 

 
hjujhw obyf gfhfuhfaib dyf[ts^ ,bhsdbc 

tktmnhjyt,pt H0 dtkbc vjmvtlt,f bodtdc vfs trhfybht,fc& 
fmtlfy  ufvjvlbyfht^ vfuybnehb dtkbs bylewbht,ekb 
,bhsdt,bc trhfybht,bc [fhbc[b vwbhlt,f ,bhsdpt 
kjrfkbpt,ekb tktmnhjyekb cbvrdhbdbc itvwbht,bc 
vb[tldbs& tc vjcfpht,f vnrbwlt,f vtsbk/fkjutyblt,ib 
c[dflfc[df /fkjutybc ufdktybs vtsbktyehb ]ueabc 
mbvbeh ofyfwdkt,fpt& yfthst,bc vorhbdib vtsbkbjlblb-

 vtsbk,hjvblb- vtsbkmkjhblb- vtsbkasjhblb-/fkjut-
ybc bylemwbehb tatmnbc ufphlbs ghjnjyt,bc cbuyfkb 
uflfbyfwdkt,c itlfht,bs cecn dtkib ~yf[& 22`& 

 
 

,vt,bc tktmnhj-
yt,bc wbhrekfwbbc uf-
vj H0 bodtdc fhfcbvtn-
hbekb vfuybnehb dt-
kbc bylewbht,fcfw by-
lemwbeh tatmnt,sfy 
thsfl ~hjvtkbw uflf-
bwtvf ,vt,bc cfief-

kt,bs`& bylewbht,ekb dtkt,bc tatmnb itb’kt,f b.jc 
hjujhw ‘kbthb^ bct cecnb lf ufvjbodbjc trhfybht,f fy 
ltptrhfybht,f& bcts tatmnc^ hjvtkbw uflftwtvf cbdhwtib^ 

yf[& 22& /fkjutybc 
ufdktyf vtsbk/f-
kjutyblt,bc vtsbkbc 
]ueabc ghjnjyt,bc 
mbvbeh ofyfwdkt,fpt  

CH3F

CH3Cl

CH3Br

CH3I

bphl t , f  t rhf ybht , f
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tojlt,f fybpjnhjgbf& bub π-,vt,bcfsdbc eahjf lfvf[fcb-

fst,tkb^ dblht σ-,vt,bcfsdbc&  
]thflb ,vt,bc fybpjnhjgekb tatmnt,b yfxdtyt,bf 

yf[& 23-pt& fv cehfspt sbsjtekb aeymwbehb ]ueabc 

jhbtynfwbf H0-bc vbvfhs gfce[j,c π-tktmnhjyt,bc 
cbcntvbc vfmcbvfkeh vu’yj,bfhj,fc H0 dtkbcflvb& 

H1-,vh cgtmnhjvtnhbf fmnbehfl ufvjb.tyt,f yfth-
sbc fhjvfnekj,bc lflutybcfsdbc& fhjvfnekb yfthst,bc 
H-bc cbuyfkt,b cfrvfjl cecn dtkib dkbylt,f^ dblht 
fkrtyt,bc o.fk,flfnjvsf cbuyfkt,b& hjltcfw ,typjkbc 
vjktrekfpt vjmvtlt,c vjlt,ekb vfuybnehb dtkb H0^ 

vfcib ,bhsdbc ufhitvj fqb’dht,f σ-tktmnhjyt,bc yfrflb& 
fv vjdktyfc tojlt,f wbrkehb ltyb^ bub fq’hfdc fmcbfkeh 
vfuybneh dtkc^ hjvtkbw f’kbtht,c H0 dtkc wbrkbc 
ufhtlfy o.fk,flfnjvt,bc htubjyib lf vbvfhsekbf 
wbrkbc ibuybs vbc cfgbhbcgbhjl& fmtlfy ufvjvlbyfht 
htpeknfnehb tatmnb bctsbf^ hjv ,typjkbc vjktrekbc 
ghjnjyt,b ltptrhfybht,ekyb fhbfy lf itlbfy htpjyfycib 
H0-bc itlfht,bs lf,fkb vybidytkj,bcfsdbc ~yf[& 25`& 

fqvjxylf^ hjv fctsb vbvfhsekt,bc ltyb lf ‘fkt,b 
fqb’dht,f v[jkjl fhjvfnekb yfthsbc vjktrekt,ib& 
fvbnjv o.fk,flfnjvt,bc #exdtekjl@ lblb mbvbehb 
ofyfwdkt,f wfkcf[fl vbesbst,c yfthsbc fhjvfnekj,fpt& 
fvbc cfltvjycnhfwbjl mdtvjs vj.dfybkbf ,typjkbc 
~fhjvfnekb yfthsbc`^ aehfybc ~/tnthjwbrkehb fhjvf-
nekb yfthsbc` lf wbrkjjmnfntnhftybc ~fhffhjvfnekb 
fyektybc` H1-,vh cgtmnht,b& 

fmtlfy ufvjvlbyfht^ fhjvfnekb ghjnjyt,b vybi-

dytkjdyfl fhbfy ofyfwdkt,ekyb cecn dtkib ~δ≈7 vo`& 
ohbekb ltybc tatmnb lfvf[fcbfst,tkbf fhf vfhnj ,ty-
pjkbcfsdbc^ fhfvtl c[df #,typjblehb@ vjktrekt,b-
cfsdbcfw& 

mdtvjs vj.dfybk w[hbkib vjwtvekbf pjubthsb 
]ueabcfsdbc lfvf[fcbfst,tkb mbvbehb ofyfwdkt,t,b 
~w[hbkb 8`& 
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yf[& 23& ]thflb ,vt,bc trhfybht,bcf lf ltptrhfybht,bc 

tatmnt,b& C≡C ,vbc vjltkb vbcfqt,bf C≡N  
,vbcfsdbcfw& C=C ,vbc tatmnb fyfkjubehbf C=O 
,vbcfsdbc& ghjnjyt,b trhfybht,ekyb fhbfy #+@ 
e,yt,ib lf ltptrhfybht,ekyb #-@ e,fyib& a- 
bylewbht,ekb vfuybnehb dtkb^ b-vfuybnehb dtkbs 
ufvjodtekb trhfybht,bcf lf ltptrhfybht,bc 
cmtvfnehb ufvjcf[df& 
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C
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H

C
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H
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R

R
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b
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yf[& 24& ,typjkbc H1-,vh cgtmnhb 

yf[& 25& ,typjkib tktmnhjyekb cbvrdhbdt^ wbrkehb 
ltyb lf vfuybnehb dtkbc ‘fkobht,b  

  

  
  

H

(+) 

(+) 

(-) (-) 

H 0 

01002003004001000
500
250
100
50

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0  vo

 
 

62 

 
 

 

 

 

 

 
 
 

yf[& 26& aehfybc H1-,vh cgtmnhb 

yf[& 27& wbrkjjmnfntnhftybc H1-,vh cgtmnhb 

01002003004001000
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8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0  vo

01002003004001000
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8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0  vo
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w[hbkb 8& yf[ibho.fk,flt,bc mbvbehb ofyfwdkt,t,b 

]ueab δ^ vo ]ueab δ^ vo 
CH3-R 0.8-1.2 R-CH2-R 1.1-1.5 

CH3-CR=C< 1.6-1.9 R-CH2-Ar 2.5-2.9 

H3C C
R

O

 
1.2-2.5 R CH2 C

O

R

 
2.5-2.9 

H3C C
Ar

O

 
2.4-2.6 R-CH2-OH 3.2-3.5 

H3C C
OR

O

 
1.9-2.2 R-CH2-OAr 3.9-4.3 

H3C C
OAr

O

 
2.0-2.5 

R CH2
O C

O

R

 
3.7-4.1 

CH3-N< 2.2-2.6 

vt
s

bk
ty

bc
 ]

ue
a

t,
b 

R-CH2-Cl 3.5-3.7 
CH3-OR 3.2-3.5 R3CH 1.4-1.6 
CH3-OAr 3.7-4.0 R2CH-OH 3.5-3.8 

vt
s

bk
ty

e
h

b 
]

ue
a

t,
b 

O C
R

O

H3C  
3.6-3.9 

vt
s

by
e

h
b 

]
ue

a
t,

b 

Ar2CH-OH 5.7-5.8 

R-CH=C< 5.0-5.7 R-OH 3-6 
Ar-H 6.0-7.5 Ar-OH 6-8 

RCOOH 10.12 
R C

H

O

 
9.4-10.4 

e
]

th
b 

]
ue

a
t,

b 

R-C≡CH 2.5 c[
df

 ]
ue

a
t,

b 

RNH- 2-4 
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4&  TRHFYBHT<BC TVGBHBEKB 
RJYCNFYNT<B 

w[hbkb 8-ib vjwtvekb rjycnfynt,bc cfiefkt,bs 
pju]th itcf’kt,tkbf^ lblb cbpecnbs bmyfc ufycfpqdhe-
kb pjubthsb ghjnjybc mbvbehb ofyfwdkt,f^ vfuhfv 
hjujhw xfyc^ w[hbkb fh vjbwfdc ghjnjybc .dtkf 
itcf’kj cf[tj,fc& fcts itvs[dtdfib vbvfhsfdty c[dflfc[df 
vtsjlc^ hjvtksf ijhbcfw lblb gjgekfhj,bs cfhut,-
kj,c t&o& trhfybht,bc rjycnfynt,bc w[hbkb& fqybiyekb 
w[hbkbc ‘bhbsflb bltf vlujvfhtj,c bvfib^ hjv .jdtk 
aeymwbeh ]ueac vbtotht,f ufycfpqdhekb hbw[db 
~byrhbvtynb`^ hjvtkbw fcf[fdc vjwtvekb ]ueabc ufdktyfc 
mbvbeh ofyfwdkt,fpt& jhb fy vtnb ]ueabc ufdktyf 
ufybcfpqdht,f byrhbvtynt,bc ]fvbc cf[bs& vfufkbsfl^ se 
]ueab X bodtdc mbvbeh ofyfwdkt,fc x-thstekbs^ [jkj 
Y-]ueab rb y-thstekbs^ vfiby Y-CH2-X-ib vtsbktyehb 
]ueabc mbvbehb ofyfwdkt,f ufvjdkbylt,f ~x+y` vo 
cblbltpt& 

byrhbvtynt,bc hfvjltybvt cf[bc w[hbkblfy mdtvjs 
vj.dfybkbf .dtkfpt vtnfl ufdhwtkt,ekb^ hjvkbc 
cfiefkt,bsfw ofhvjt,c vtsbktyehb ]ueat,bc lflutyf& fv 
vblujvfc tojlt,f iekthbc otcb& fv otcbc sfyf[vfl^ vtsb-
ktybc ]ueasfy lfrfdibht,ek ]ueasf byrhbvtynt,b 
brhb,t,f vtsfybc mbvbeh ofyfwdkt,fcsfy ~0&23 vo`& yfgjdyb 
vybidytkj,f ittcf,fvt,f cf’bt,tkb vtsbktyehb ghjnjybc 
mbvbeh ofyfwdkt,fc& vfufkbsfl^ yfthsib Br-CH2-Cl ,hjvbc 
byrhbvtynb fhbc 2&33 vo^ [jkj mkjhbc 2&53 vo& fvbnjv 
CH2 ]ueabc vjcfkjlytkb mbvbehb ofyfwdkt,f vlt,fhtj,c 
0.23+2.53+2.33+5.09 vo-pt^ hfw ‘fkbfy f[kjcff 
ghfmnbrekfl vbqt,ek vjyfwtvsfy ~5&16 vo`& 
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w[hbkb 9& X-CH2-Y nbgbc yfthst,ib ghjnjyt,bc mbvbehb 
ofyfwdkt,t,bc ufvjcfsdktkb byrhbvtynt,b  

~#cgbyehb rjycnfynt,b@` 

]ueab 
~X fy Y` 

byrhbvtynb 
vo 

]ueab  
~X fy Y` 

byrhbvtynb 
vo 

-CH3 
0.47 

C
O

NR2  
1.59 

-CF3 1.14 -C≡N 1.70 
-RC=CR2 1.32 -I 1.82 

-C≡CR 1.44 -C6H5 1.85 
-C≡CAr 1.65 -Br 2.33 

C
O

OR  

1.55 
-OR 2.36 

-Cl 2.53 C
O

R  

1.70 

-OH 2.56 
 
 

5&  H1-<VH CGTMNHJVTNHBF LF 
CNTHTJMBVBF 

ptvjs ufy[bkekb vfcfkblfy yfstkbf^ hjv jh 
vtsbkbc ]ueac tmyt,f c[dflfc[df mbvbehb ofyfwdkt,f^ se 
thsb ;fyu,flbc fnjvsfy fhbc lfrfdibht,ekb^ [jkj vtjht 
mkjhbc fnjvsfy& vfuhfv cfbynthtcjf^ hjujhb bmyt,f 
vtsbkbc ]ueabc mbvbehb  ofyfwdkt,f  2-vtsbk-1-mkjh-
ghjgtyib fye itcf’kt,tkb bmyt,f se fhf cnthtjbpjvt-
hekb cnhemneht,bc lflutyf H1-,vh cgtmnhjvtnhbbs& 
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C C

ClH3C

H3C H

 
 

2-vtsbk-1-mkjhghjgtyb 
 
 
fv cfrbs[bc ufhrdtdbcfsdbc cfzbhjf lflutybkb bmyfc 

pjuflb rfyjypjvbtht,f^ hjvkbc vb[tldbsfw ufbhrdtdf^ 
vjktrekfib thsyfbhbf se fhf hjvtkbvt jhb ghjnjybc 
mbvbehb ofyfwdkt,f& ghjnjyt,bc itvwdtk ]ueat,c^ 
hjvtksfw thsyfbhb mbvbehb ofyfwdkt,f uffxybfs^ 
tojlt,fs vfuybnjtrdbdfktynehb mbvbehb ofyfwdkt,bc 
sdfkcfphbcbs fy bpjmhjyekt,b1&  

pjuflfl ]ueat,bc mbvbehb ofyfwdkt,f bmyt,f 
thsyfbhb^ se bcbyb trdbdfktyneht,b ~/jvjnjgt,b` fy 
tyfynbjnhjgt,b fhbfy& hjv lfdflubyjs trdbdfktynehbf 
se fhf jhb ghjnjyb^ itb’kt,f db[tkv’qdfytkjs itvltub 
vtsjlbs& vfufkbsfl^ ltbnthbevbs eylf itbwdfkjc ]th 
thsb ghjnjyb^ itvltu vtjht& se jhbdt itvs[dtdfib 
vbbqt,f bltynehb yfthsb^ vfiby jhbdt ghjnjyb trdbdf-
ktynehbf& vfufkbsfl HA lf HB ghjnjyt,b 1^1-lbmkjh-
tsfyib trdbdfktynehbf& 

 

C C

Cl

Cl

HB

HA

C C

Cl

Cl

HB

DHA-c xfyfwdkt,f D-bs

C C

Cl

Cl

D

HA

thsb lf bubdt 
yfthsbf

HB-c xfyfwdkt,f D-bs

 

                                                 
1 fctsb ghjnjyt,bc fqcfybiyfdfl fctdt ufvjb.tyt,f nthvbyt,b 
#cbvtnhbekfl trdbdfktyneht,b@^ #mbvbehfl trdbdfktyneht,b@^ 
mbvbehb ofyfwdkt,bs vfuybnjtrdbdfktyneht,b 
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fctdt trdbdfktyneht,b fhbfy mdtvjs vj.dfybkb vemb  

ihbanbs fqybiyekb ghjnjyt,b& 
 

H
Cl

H
Cl

HH

C C
H

H

H

H
C H
H

H
Cl

 
 
 
tyfynbjnhjgekb ,bhsdt,b itb’kt,f bltynbab-

wbht,ekyb bmyfy fyfkjubehb vtsjlbs& sevwf fv lhjc 
o.fk,flfnjvt,bc ltbnthbevbs itwdkbcfc vbbqt,f 
tyfynbjvtht,b& vfufkbsfl^ ,hjvmkjhvtsfyib HA lf HB 
ghjnjyt,b tytynbjvtht,bf& D-bs vfs vjhbutj,bs xfyfw-
dkt,fc vbd.fdfhs tyfynbjvtht,sfy& fvbnjv HA lf HB bpj-
mhjyekb ghjnjyt,bf&  

 

C
Cl

Br

HB

C
Cl

Br

HB

C
Cl

Br

D

D

HA

HA

tyfynbjvtht,b

HA-c xfyfwdkt,f D-bs

HB-c xfyfwdkt,f D-bs

 
tyfynbjnhjgekb ,bhsdt,bc ~ufyc[dfdt,ekb ihba-

nbs fqybiyekb ghjnjyt,b` c[df vfufkbst,b vjwtvekbf 
itvltu cnhemneht,ib& 

H3C C OH

H

H

CC

C

Br

Br

H H

H

H H3C C CH3

H

Cl  
lbfcnthtjnjgeh ghjnjyt,c ufyc[dfdt,ekb mbvbehb 
ofyfwdkt,t,b fmds& fctsb ghjnjyt,b itb’kt,f ufvjdbwyjs 
xfyfwdkt,bc rhbnthbevbc ufvj.tyt,bs& lbfcnthtjnjgehb 
ghjnjyt,bc ltbnthbevbs xfyfwdkt,bcfc vbbqt,f lbfc-
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nthtjvtht,b& mdtvjs vjwtvek cnhemneht,ib ufyc[dfdt-
,ekb ihbanbs fqybiyekb H-fnjvt,b lbfcnthtjnj-
geht,bf& 

 

H3C C

C F

Br

Cl

H

H C C
CH3

Cl

H

H

C

CC

H

H

HH

H

H3C

C S

H

H3C
CH3

OH

H H

H Cl  
 

lbfcnthtjnjgehb ,bhsdt,bc ths-ths rkfcbreh 
vfufkbsc ofhvjflutyc vjktrekt,b^ hjvtkibw vtsb-
ktyehb ]ueat,b bv.jat,bfy mbhfkeh wtynhsfy ~vfufkb-
sfl^ 1-,hjv-1-mkjh-1-asjhghjgfyb^ b[& ptvjs`& fctsb 
ghjnjyt,b lbfcnthtjnjgeht,bf lf vfsb mbvbehb 
ofyfwdkt,t,b ufyc[dfdt,ekbf& fcts ghjnjyt,c tojlt,f 
vfuybnehfhftrdbdfktyneht,b mbvbehb ofyfwdkt,bc 
sdfkcfphbcbs fye fybpjmhjyekt,b& bpjghjgbkbc yfisbc 
vtsbkbc ]ueat,b^ hjvkt,bw [bhfkehb wtynhbc 
vtpj,kt,b fhbfy^ fctdt lbfcnthtjnjgeht,bf& 

 
 
mbvbehb ofyfwdkt,bc sdfkcfphbcbs^ vfuybnehb 

fhftrdbdfktynehj,bc fhct,j,f fh fhbc lfvjrblt,ekb bv 
ufv[cytkbc ,eyt,fpt^ hjvtkibwff cgtmnhb uflfqt,ekb 

X C C R

Y

Z

H1

H2

XCCH

Y

Z

CH3

CH3

lbfcnthtjnjgeht,bf
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~ufv[cytkbc wdkbkt,bs itb’kt,f itbwdfkjc bynthdfkb 
lbfcnthtjnjgehb ,bhsdt,bc mbvbeh ofyfwdkt,t,c ijhbc`& 
vfuybnehb fhftrdbdfktynehj,f fctdt fh fhbc lfvjrblt,e-
kb vjktrekbc rjyajhvfwbekb vlujvfhtj,bc sfdbct,e-
ht,fpt& H1-,vh cgtmnhjvtnhbbc ufv[cytkt,b fmbhfkeht-
,bf& fcts ufv[cytkt,ib rb tyfynbjvtht,bc H1-,vh cgtm-
nht,b sfdct,flt,b fhbfy& fvbnjv #vfuybnehb fhftrdbdf-
ktynj,f@ mbvbehb ofyfwdkt,bc sdfkcfphbcbs^ hjvtkbw 
ufvjodtekbf vjktrekfib [bhfkehb wtynhbc fhct,j,bs^ 
cgtmnhib thsb tyfynjvthbcfsdbc bctsbdt ajhvbs ofhvjl-
ubylt,f^ hjujhw vbc hfwtvfnek vjlbabrfwbfib& 

 
 
 

6& CGBY-CGBYEHB EHSBTHSMVTLT<F 

cgby-cgbyehb ehsbthsmvtlt,bc lfcflutyfl ufydb[bkjs 
tsbkbjlblbc H1-,vh cgtmnhb ~yf[& 28`& thsb it[tldbs^ 
cgtmnhpt sbsmjc jhb cbuyfkb eylf .jabkb.j- ‘kbth 
dtkib ~3H- vtsbkbc ]ueab` lf cecn dtkib ~2H- vtsbkt-
ybc ]ueab`& ahx[bkt,ib vjwtvekb cblbltt,b vbesbst,c 

yf[& 28& tsbkbjlblbc H1-,vh cgtmnhb 
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ufycf[bkdtkb cbuyfkbc afhlj,bs byntycbehj,t,c^ hjvt-
kbw ofhvjflutyc gbrbc afhsj,c lf fhf cbuyfkbc cbvfq-
ktc& H1-,vh cgtmnht,ib gbrbc byntycbehj,f ghjnjyt,bc 
hfjltyj,bc ghjgjhwbekbf& 

htfkehfl H1-,vh cgtmnhb vjbwfdc 7 wfkrtek gbrc^ 
hjvtkbw jh ]ueaflff ofhvjlutybkb& cecn dtkib gbrt,bc 
]ueab itbwfdc js[ cbuyfkc cfthsj byntycbehj,bs 2H^ 
[jkj ‘kbth dtkib gbrt,bc ]ueab itbwfdc cfv gbrc cfthsj 
byntycbehj,bs 3H& fv ]ueat,c tojlt,fs rdfhntnb lf 
nhbgktnb itcf,fvbcfl& H1-,vh cgtmnht,ib cbuyfkt,bc 
veknbgktnehj,bc ufphlf ‘kbth [ibhb vjdktyff& bub 
fb[cyt,f cgby-cgbyehb ehsbthsmvtlt,bs ~fye hjujhw 
pju]th eojlt,ty cgby-cgbyehb uf[ktxbs` fnjv,bhsdt,c 
ijhbc& 

cbuyfkbc ufvjdkbyt,f veknbgktnbc cf[bs ufygb-
hj,t,ekbf vtpj,tkb ,bhsdt,bc vfuybnehb dtkt,bc ehsb-
thsmvtlt,bs& yf[& 29-pt cmtvfnehfl fhbc ofhvjlutybkb 
jhb fnjv,bhsdbc vfuybnehb dtkt,bc ehsbthsmvtlt,f& HA 
,bhsdbc vfuybnehb dtkb itcf’kt,tkbf vbvfhsekb b.jc H0 
dtkbc vbvfhsekt,bs fy cfobyffqvltujl& fvbc ufvj HB 
ghjnjyb bv.jat,f jh ufyc[dfdt,ek tatmneh vfuybneh 
dtkib& fvbnjv HB ghjnjybc cbuyfkb ufvjdkbylt,f 
le,ktnbc cf[bs& sfdbc v[hbd^ fyfkjubeh ptufdktyfc 
ufybwlbc HA ghjnjyb lf fvbnjv vbc cbuyfkcfw le,ktnbc 
cf[t tmyt,f&  

hjujhw ptvjs b.j yf[ctyt,b^ gbrt,bc afhsj,b ths-
thsb vybidytkjdfyb vf[fcbfst,tkbf H1-,vh cgtmnht,ib& 
rth’jl^ cbuyfkt,bc afhsj,b gbhlfgbhghjgjhwbekbf 
ghjnjyt,bc hfjltyj,bcf& vfufkbsfl^ itcf’kt,tkb hjv 
.jabkb.j^ HA lf HB gbrt,bc afhsj,bc ufpjvdf cgby-cgbyeh 
uf[ktxfvlt^ dyf[fdlbs^ hjv vfsb afhlj,f bmyt,jlf 1%1& 
sevwf uf[ktxbc itvltu veknbgktnib itvfdfkb gbrt,bc 
afhsj,t,bc ]fvb uf[ktxfvlt fhct,ekb /bgjstpehb gbrbc 
afhsj,bc njkbf& 
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fmtlfy ufvjvlbyfht^ eylf udf[cjdltc^ hjv veknbg-
ktnbc afhsj,b vbesbst,c H-fnjvt,bc hfjltyj,fc^ [jkj 
veknbgktnib gbrt,bc hfjltyj,f rb- bv fnjvt,bc 

hfjltyj,fc^ hjvkt,bw ehsbthsmvtlt,ty ufycf[bkdtk 
ghjnjysfy fy ghjnjyt,sfy& 

ufydb[bkjs vtsbkbcf lf vtsbktybc ]ueat,bc 
ehsbthsmvtlt,bs cgby-cgbyehb uf[ktxbc vfufkbsb ~yf[& 
30`& 

  
 

C C

HB

C C

HB

lf

CC

HA

CC

HA

lf

H0

H0

J

J

HA

HB
uf.jafvlt

uf.jabc
itvltu

uf.jabc
itvltu

uf.jafvlt

    yf[& 29& dbwbyfkeh ghjnjyt,c ijhbc cgby-cgbyehb 
ehsbthsmvtlt,bc uflfwtvbc ufvfhnbdt,ekb vtmfybpvb 
~cbyfvldbktib fv itvs[dtdfib vjyfobktj,ty 

σ-tktmnhjyt,b& cgby-cgbyehb ehsbthsmvtlt,bc 
rjycnfynf J f[fcbfst,c jh fnjv,bhsdc ijhbc 
ehsbthsmvtlt,bc [fhbc[c`& 
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J J J

-CH2-

J J
  1               3                3                  1  1                 2                 1

-CH3 ufycf[bkdtkb ]ueat,b

cbuyfkb uf[ktxfvlt
~/bgjstpehb`

veknbgktnib cbufkt,bc 
vlt,fhtj,f

uf[ktxbc lbfuhfvf

veknbgktnib pjkt,bc 
afhlj,bsb byntycbehj,f

,bhsdt,bc cgbyt,bc jhbtynfwbf
hjvkt,bw bodtdty uf[ktxfc

 
 
 

fvltyfl^ se A ]ueabc n ghjnjyb ehsbthsmvtlt,c 
B ]ueabc n’ ghjnjysfy^ vfiby A-c itcf,fvbcb cbuyfkb itl-
ut,f n’+1 pjkbcfufy^ [jkj B-c itcf,fvbcb cbuyfkb- n+1 
pjkbcfufy& veknbgktnbc sbsjtekb pjkbc byntycbe-
hj,f ufybcfpqdht,f yf[& 31-bc vb[tldbs& 

     yf[& 30&  cgby-cgbyehb ehsbthsmvtlt,bc itltufl tsbkbc 
]ueabc  uf[ktxbc lbfuhfvf& vtsbkbcf lf vtsbktybc 
]ueabc mdti vjwtvekb bcht,b vbesbst,ty jhbtynfwbfc^ 
hjvtkbw itb’kt,f vbbqjc fv ]ueat,bc ghjnjyt,bc 

cgbyt,vf& CH3 ]ueabc ghjnjyt,bc jhbtynfwbt,b ↑↑↑^ 

↑↓↑, ↓↑↑ b’ktdf  thsyfbh tatmneh vfuybneh dtkc CH2 
]ueabcfsdbc^ dbyfblfy .dtkf tc ghjtmwbf gfce[j,c cgbyc 

↑& fvbc itltufl rb rdfhntnbc ibuf pjkt,b cfv]th eahj 
byntycbehbf^ dblht ufht pjkt,b&  
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uf[ktxbc 
ufvjvodtdb  

trdbdfktynehb 
,bhsdt,bc    
hfjltyj,f 

 

vbqt,ekb 
cbuyfkbc 

veknbgktnj,f 
 

pjkt,bc 
afhlj,bsb 

byntycbehj,t,b 
lf vfsb 

ufykfut,f 
vbqt,ek 
cbuyfkib 

 

0 cbyuktnb 1 
1 le,ktnb 1 # 1 

2 nhbgktnb 1 2 1 
3 rdfhntnb 1 3 # 3 1 

4 rdbyntnb 1 4 6 4 1 
5 ctmcntnb 1 5 10 # 10 5 1 

7&  CGBY-CGBYEHB 
EHSBTHSMVTLT<BC RJYCNFYNF 

cgby-cgbyehb ehsbthsmvtlt,bc rjycnfynf ~fye cgby-
cgbyehb uf[ktxbc rjycnfynf` J f[fcbfst,c ,bhsdt,c ijhbc 
ehsbthsmvtlt,bc [fhbc[c lf bpjvt,f /thwt,ib ~lf fhf 
vbkbjyj,bs obkt,ib^ dbyfblfy fh fhbc lfvjrblt,ekb H0-
pt`& tc vjdktyf cfiefkt,fc b’ktdf^ ufydfc[dfdjs jhb 
cbyuktnb le,ktnbcfufy^ se cgtmnhc xfdoths c[fdflc[df 
hflbjcb[ibhtpt&  

    yf[& 31& pjkt,bc afhlj,bsb byntycbehj,t,b lf vfsb 
ufykfut,f veknbgktnib^ hjvkt,bw ofhvjbmvyt,f jhb 
trdbdfktynehb ]ueabc cgby-cgbyehb ehsbthsmvtlt,bs& 
fmdt eylf fqbybiyjc^ hjv cbuyfkbc pjkb ztivfhbn 
mbvbeh ofyfwdkt,fc tvs[dtdf v[jkjl bv itvs[dtdfib^ se 
veknbgktnb itlut,f rtynb hfjltyj,bc pjkt,bcfufy& 
vfh]dybd wbaht,bcfufy vbqt,ek cfvres[tlc pju]th 
eojlt,ty #gfcrfkbc cfvres[tlc@& 
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J-bc cblblt lfvjrblt,ekbf hfvjltybvt afmnjhpt^ 
hjvtksfufyfw eylf fqbybiyjc ehsbthsvjvmvtlb fnjv-
,bhsdt,bc afhlj,bsb ufykfut,f lf vfsb lfvfrfdibht,tkb 
,vt,bc hfjltyj,f& cgby-cgbyehb ehsbthsmvtlt,f fh 
itbybiyt,f bv ghjnjyt,bcfsdbc^ hjvkt,bw thsvfytssfy 
lfwbkt,ekyb fhbfy cfvb fy vtnb thsvfub ,vbs& ]thflb 
,vt,bc fhct,j,bcfc rb eahj ijh vfy’bkpt itbybiyt,f cgby-
cgbyehb ehsbthsmvtlt,f& fvfcsfyfdt^ vjmvtlt,bc vfy’bkb 
bphlt,f ]thflb ,vt,bc hfjltyj,bc ghjgjhwbekfl&  

J-bc vybidytkj,bc lfvjrblt,ekt,f utjvtnhbek 
afmnjht,pt itb’kt,f ufy[bkekb b.jc w[hbkb 8-bc 
vjyfwtvt,bc cfae’dtkpt& C-C ,vbc ufhitvj itlfht,bs 
sfdbceafkb ,heydbc itvs[dtdfib H-C-C-H dbwbyfkehb 
ghjnjyt,bc cgby-cgbyehb ehsbthsmvtlt,bc rjycnfynf 

itflutyc ≈7 /w-c& J-bc vybidytkj,f njkbf c[dflfc[df 
rjyajhvtht,bc cfiefkj fhbsvtnbrekbcf lf ufvjbsdkt,f 
itvltub ajhvekbs% 

 
J=n1J1+ n2J2+... + niJi 

∑
=

=
k

i
in

1
1  

 
cflfw ni fhbc i-ehb rjyajhvthbc vjkehb ahfmwbf^ 
Ji-dbwbyfkehb ghjnjyt,bc rjycnfynf fv i-eh rjyajh-
vthib& 
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pjubthsb ]ueabc ghjnjyt,bc cgby-cgbyehb ehsbthsmvtlt,bc 
rjycnfynt,b 

]ueab J, /w ]ueab J, /w 

C
H

H  
12-18 C C

H

H

 

1-3 

C C
H H

 
2-10* C C

H H

 
7-12 

CH
H

(C)n C
H

 
0 C C

H

H

 
13-18 

H

H 

3 H C C CH
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H
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5-10 C C
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H

H

 
1-3 

__________________________ 
 * sfdbceafkb ,heydbcfc J=7 /w 
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8&  UF{KTXBC {FCBFSB 

H1-,vh cgtmnhbc vb[tldbs fldbkb ufcfhxtdbf 
pjubthsb hflbrfkb%  

vtcfvekb ,enbkbc hflbrfkc f[fcfst,c vrfabj 

byntycbehb cbyuktnb 0&9 δ-pt^ bpjghjgbkc- le,ktnb 

’kbthb dtkbc fhtib^ CH3^ 1^2 δ^ J=7 /w^ tsbkc- nhbgktnb 
lf rdfhntnb^ ~hjujhw ptvjs b.j erdt vjwtvekb` 
vtsjmcb]ueac- cbyuktnb ~vbcb vlt,fhtj,f lfvjrblt,ekbf 
yfthsbc cnhemnehfpt` lf c[df& 

fv vfhnbd itvs[dtdt,sfy thsfl pju]th 
itcf’kt,tkbf eahj hsekb ]ueat,bc fyfkbpb cgby-
cgbyehb uf[ktxbc lbfuhfvt,bc ufvj.tyt,bs& itlfht,bs 
hsekb itvs[dtdbc vfufkbsfl ufydb[bkjs 1-ybnhj-
ghjgfybc H1-,vh cgtmnhb ~yf[& 32`& 

 

 
fv cgtmnhib vtsbkbcf lf vtsbktybc ]ueat,b dkby-

lt,bfy nhbgktntgbc cf[bs& tc vjcfkjlytkb b.j rbltw^ se 
ufdbsdfkbcobyt,s vfs ehsbthsmvtlt,fc wtynhfkeh vtsb-
ktyeh ]ueasfy& tc erfyfcrytkb rb dkbylt,f veknb-
gktnbc cf[bs^ dbyfblfy ehsbthsmvtlt,c hjujhw vtsbkbc^ 

yf[& 32& 1-ybnhjghjgfybc H1-,vh cgtmnhb 
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bct vtsbktybc ]ueasfy& fv veknbgktnbc cgby-cgbyehb 
ehsbthsmvtlt,bc fyfkbpbc cfiefkt,fc b’ktdf uf[ktxbc 
lbfuhfvbc itlutyf ~yf[& 33`& 

cgby-cgbyehb ehsbthsmvtlt,bc f[kj vybidytkj-
,t,bc ufvj veknbgktnb^ hjvtkcfw itb’kt,jlf /mjyjlf 
sjhvtnb pjkb^ htfkehfl dkbylt,f itlfht,bs afhsj 
pjkt,bc - ctmcntnbc cf[bs& 

1-ybnhjghjgfybc vtsbkbc cfvb ghjnjybc cbuyfkb 
fh itbwfdc cgby-cgbyeh uf[ktxfc thsvfytssfy ehsb-
thsmvtlt,bc itltufl^ dbyfblfy rdfynehb vtmfybrbc rfyjyt,b 
fh b’ktdf cfiefkt,fc^ ufdfhxbjs ghjnjyt,b thsb l bubdt 
mbvbehb ofyfwdkt,bs& fvbc ufvj tsbkbjlblbc H1-,vh 
cgtmnhbw fh itbwfdc cgby-cgbyeh uf[ktxfc thsvfytssfy 
ehsbthsmvtlt,bcfc& 

CH3-CH2-CH2-NO2 CH2 -]ueabc cbuyfkb uf[ktxfvlt

uf[ktxf CH3 ]ueabc itltufl 
(J=8 /w`

uf[ktxf CH2-NO2 ]ueabc itltufl 
(J=8 /w`

veknbgktnbc cf,jkjj cf[t

 
 

 

yf[& 33& 1-ybnhjghjgfybc wtynhfkehb vtsbktyehb ]ueabc 
uf[ktxbc fyfkbpb 
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9& CGBY-CGBYEHB EHSBTHSMVTLT<BC 
XF{IJ<F 

 
jhb fnjv,bhsdbc cgby-cgbyehb ehsbthsmvtlt,bc 

xf[ij,bc vbpybs cby]c fc[bdt,ty ths-thsb ,bhsdbc itcf,f-
vbcb hflbjcb[ibhbs& H1-,vh cgtmnhbc xfothbcfc jhvfub 
htpjyfycbc gbhj,t,ib lfc[bdt,ekb ghjnjybc cbuyfkb 
fqfh xfyc lf fvfcsfyfdt vfhnbdlt,f c[df cbuyfkt,bc cf[tw^ 
dbyfblfy ufvjbhbw[t,f vfs ijhbc cgby-cgbyehb ehsb-
thsmvtlt,f ~yf[& 34`& 

fyfkjubehb tatmnb itcf’kt,tkbf vbdbqjs^ se 
ghjnjyc xfdfyfwdkt,s ltbnthbevbs^ hflufy tc erfyfc-
rytkyb ‘kbth vwbhtl ufvj[fnekb cgby-cgbyehb ehsbths-
mvtlt,bs [fcbfslt,bfy& 

 

 

 
 

yf[& 34& bpjghjgbkbc ]ueabc vtsbkbc ghjnjyt,bc cgby-cgbyehb 
ehsbthsmvtlt,bc xf[ij,f cby]bc vtsbktyeh cbuyfkpt 
lfc[bdt,bs 
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10& VFUYBNEHB TRDBDFKTYNJ<F 
CGBY-CGBYEHB EHSBTHSMVTLT<BC 

SDFKCFPHBCBS 

c[dflfc[df ghjnjybc trdbdfktynj,f lf fhftrdbdf-
ktynj,f ufvjdkbyt,fc /gjdt,c H1-,vh cgtmnhbc jh gfhf-
vtnhib% mbvbeh ofyfwdkt,fib lf cgby-cgbyehb ehsbths-
mvtlt,bc rjycnfynfib& bvbcfsdbc hjv jhb ghjnjyb b.jc 
bltynehb H1-,vh tmcgthbvtynib^ fewbkt,tkbf%  

• /mjylts thsyfbhb mbvbehb ofyfwdkt,f 

• cgby-cgbyehb ehsbthsmvtlt,bc rjycnfynt,b eylf 
b.jc o.dbk-o.dbkfl njkb vjktrekbc lfyfhxtyb 
fnjvt,bc vbvfhs 
ghjnjyt,c^ hjvtksfw o.dbk-o.dbkfl njkb fmds 

cgby-cgbyehb ehsbthsmvtlt,bc rjycnfynt,b^ tojlt,fs 
#vfuybnjtrdbdfktyneht,b cgby-cgbyehb ehsbthsmvtlt,bc 
sdfkcfphbcbs@& 

vfuybnehb trdbdfktynj,f mbvbehb ofyfwdkt,bc 
sdfkcfphbcbs lf vfuybnehb trdbdfktynj,f cgby-cgbyehb 
ehsbthsmvtlt,bc sdfkcfphbcbs fhbc vfuybnehb trdb-
dfktynj,bc jhb c[dflfc[df fcgtmnb& gbhdtkb vfsufyb erdt 
b.j fqothbkb& f[kf ufydb[bkjs vfuybnehb trdbdfkty-
nj,f cgby-cgbyehb ehsbthsmvtlt,bc sdfkcfphbcbs& 

lbfcnthtjnjgehb ghjnjyt,b .jdtksdbc fv;qfd-
yt,ty vfuybneh fhftrdbdfktynj,fc cgby-cgbyehb ehsbths-
mvtlt,bc sdfkcfphbcbs& evfhnbdtc vfufkbsfl ufydb[b-
kjs [bhfkeh wtynhsfy lfrfdibht,ekb vtsbktybc 
]ueabc ghjnjyt,b& hjujhw ptvjs b.j fqybiyekb^ vfsb 
mbvbehb ofyfwdkt,t,b ufyc[dfdt,ekbf& se ufdbsdfkbc-
obyt,s^ hjv bcbyb thvfytsbcfufy lfwbkt,ekyb fhbfy jhb 

σ-,vbs^ itb’kt,f lfdfcrdyfs^ hjv bcbyb thsvfytssfy 
ehsbthsmvtlt,ty& fctsb vtsbktyehb ]ueabc cbuyfkb 
ofhvjflutyc rdfhntnc ~t&o& AB cbcntvbc le,ktnt,bc 
o.dbkc`& sevwf fhwthsb cbuyfkb fh ittcf,fvt,f hfbvt 
ghjnjybc mbvbeh ofyfwdkt,fc& 
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vtsbktyehb ghjnjyt,bc thsvfytssfy ehsbths-
mvtlt,f cfrvfjl lblbf& js[bdt pjkc ijhbc bynthdfkb ~lf 
hjujhw ufhtsf^ bct ibuybsf pjkt,bc afhlj,bsb 
byntycbehj,f` ofhvjflutyc jhb ghjnjybc cgby-cgbyehb 
ehsbthsmvtlt,bc rjycnfynbcf JAB lf vfsb mbvbehb ofyfw-

dkt,t,bc c[dfj,bc δHA-δHB aeymwbfc& yf[& 35-pt yfxdtyt,bf^ 
se hjujh bwdkt,f AB cbcntvbc cgtmnhbc cf[t fv jhb 
gfhfvtnhbc wdkbkt,bcfc& 

 
cbcntvbc 
 cgbyt,bc     
fqybidyf 

|δHA-δHB| AB rdfhntnbc cfthsj cf[t 

AX ∞ 
 

 

AB 6 
 

 

AB 2 
 

 

AB 0&6 
 

 

A2 0.00 

 

 

 
 

yf[& 35& #AB rdfhntnbc@ lfvjrblt,kt,f HA lf HB cgtmnhbc 
gfhfvtnht,pt& itcf,fvbcb ghjnjyt,bc mbvbehb 

ofyfwdkt,t,b njkbf δHA lf δHB& vfs ijhbc 
ehsbthmvtlt,bc rjycnfyfnff JAB& AX lf A2 ufyb[bkt,f 
hjujhw cbcntvt,b^ hjvtksfw vbd.fdfhs #gbhdtkb hbubc@ 
cgtmnht,sfy& 
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mdtvjs vj.dfybk cnhemnehfib H3 ghjnjyb 
fqdybiyjs hfbvt cbv,jkjsb& vfiby H1 lf H2 ghjnjyt,b vbc 
vbvfhs dbwbyfkeht,b bmyt,bfy lf vfs ijhbc bfhct,t,c 
ehsbthsmvtlt,f& sevwf H1 fnjvbc ehsbthsmvtlt,bc rjy-
cnfynf ~J1^3` fh bmyt,f bltynehb H2 fnjvsfy ehsbths-
mvtlt,bc ~J2^3` rjycnfynbcf& fvbc ufvj sbsjtekb vfsufyb 
ufvjbodtdc H3-bc cbuyfkbc c[dflfc[dfudfh uf[ktxfc& fmtlfy 
ufvjvlbyfht^ itb’kt,f lfdfcrdyfs^ hjv dbyfblfy H2 lf H1 
ghjnjyt,b c[dflfc[dfudfhfl ehsbthsmvtlt,ty H3 ghj-
njysfy^ bcbyb fhbfy vfuybnj-fhftrdbdfktyneht,b cgby-
cgbyehb ehsbthsmvtlt,bc sdfkcfphbcbs&  

 

C C RR

X

Y H2

H1

H1 lf H2 fybpjmhjyekt,bf

C C RY

H3

Z H2

H1

H1 lf H2 fybpjnhjgekt,bf lf 
vfuybnjfhftdbdfktyneht,b 
cgby-cgbyehb ehsbthsmvtlt,bc 

sdfkcfphbcbs (J1,3≠J2,3)
 

 
cgby-cgbyehb ehsbthsmvtlt,bc sdfkcfphbcbs^ vfu-

ybnehb fhftrdbdfktynehj,bc vfufkbsbf vjyjxfyfw-
dkt,ekb ,typjkt,bc ofhvjt,ekt,b C6H5-R& fv cnhemne-
ht,ib jhsj ghjnjyt,b Hj bv.jat,bfy thsyfbh ufhtvjw-
dfib lf^ itcf,fvbcfl^ fmds thsyfbhb mbvbehb ofyfwdkt,f& 
sevwf hfbvt vtcfvt ghjnjysfy Hg vbvfhst,fib bcbyb ufy-
kfut,ekyb fhbfy c[dflfc[dfudfhfl lf fvbnjv vfuybnj-
fhftrdbdfktyneht,b fhbfy cgby-cgbyehb ehsbthsmvtlt,bc 
sdfkcfphbcbs& fmtlfy ufvjvlbyfht fhct,j,c ghjnjyt,b^ 
hjvkt,bw trdbdfktyneht,b fhbfy mbvbehb ofyfwdkt,bc 
sdfkcfphbcbs lf vfuybnj-fhftrdfdfktyneht,b cgby-cgb-
yehb ehsbthsmvtlt,bc sdfkcfphbcbs& fvbc ufvj H1-,vh 
cgtnht,pt itlfht,bs lblb hfjltyj,bc cbuyfkb bxtyc sfdc&  
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Hj-c lf Hj’-c uffxybfs 

thsyfbhb mbvbehb ofyfwdkt,f^ 
vfuhfv vfuybnjfhftrdbdfktyneht-
,bf cgby-cgbyehb ehsbthsmvtlt,bc 
sdfkcfphbcbs& 

f[kf ufydb[bkjs Hj lf Hj’ 
ghjnjyt,b& vfsb mbvbehb 
ofyfwdkt,t,b thsyfbhbf^ vfuhfv 

jhb fnjvbc rjycnfynbc yt,bcvbthb ufyc[dfdt,f fhqdtdc vfs 
trdbdfktynehj,fc cgby-cgbyehb ehsbthsmvtlt,bc sdfk-
cfphbcbs& fmtlfy ufvjvlbyfht^ dbyfblfy Hj lf Hj’ ghjnj-
yt,b ufyc[dfdt,ekfl ehsbthsmvtlt,ty Hv ghjnjysfy^ 
vfuybnj-fhftrdbdfktyneht,bf cgby-cgbyehb ehsbths-
mvtlt,bc sdfkcfphbcbs&  

 
 
 

11&  VFUYBNEHB TRDBDFKTYNEHJ<F 
LF VFSB FQYBIDYF 

ghjnjyt,c^ hjvtksfw ufyc[dfdt,ekb ofyfwdkt,t,b 
uffxybfs^ kfsbyehb fcjt,bs fqybiyfdty^ itvltuyfbhfl% 
.dtkfpt cecn dtkib ufvjdkbyt,ek ghjnjyc vbfresdyt,ty 
fcjc A^ vbc vjvltdyj ghjnjyc- B lf f&i& hjltcfw 
fqybiyekbf .dtkf cecnb dtkbc ghjnjyb ~A,B,C...` 
fyfkjubehb vtsjlbs fcf[tkt,ty ‘kbth dtkib vjwtvek 
ghjnjyt,c^ v[jkjl vfssdbc fqybidyf bo.t,f fcjlfy X 
(X,Y,Z). itcf,fvbcfl^ cfiefkj dtkib fhct,ek ghjnjyt,c 
fqybiyfdty fcjt,bs K,L,M,N...  dbyfblfy mbkfhek wty-
nhsfy xfyfwdkt,ekb vtsbktyehb ]ueat,b vwbhtl ufy-
c[dfdlt,bfy sfdbcb mbvbehb ofyfwdkt,bs^ bcbyb 
ofhvjmvybfy AB lf fhf AX cbcntvt,c& 

R
Hj'

Hv

Hg

Hv'

Hj

vjyjxfyfwdkt,ekb  ,typjkb
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fqybidyt,bc fctsb cbcntvf fh vjbwfdc vjktrekbc 
itvflutytk .dtkf ghjnjyc lf ufvjb.tyt,f v[jkjl 
bvbcfsdbc^ hjv lf[fcbfst,ekb bmyfc thsvfytssfy 
ehsbthsufdktybc vmjyt ghjnjyt,b^ hjvtksf ufy[bkdfw 
vbvlbyfhtj,c vjwtvek rjyrhtnek vjvtynib& 

bc ghjnjyt,b^ hjvkt,bw vfuybneh-trdbdfkty-
neht,bf mbvbehb ofyfwdkt,bs lf vfuybneh-fhftrdbdf-
ktyneht,bf cgby-cgbyehb ehsbthsmvtlt,bc sdfkcfp-
hbcbs^ fqbybiyt,bfy thsyfbhb fcjt,bs^ v[jkjl erfyfc-
rytkt,bcfsdbc ufvjb.tyt,f inhb[bfyb cbv,jkjt,b& vfsb 
thsyfbhb fcjsb fqybidyf ufygbhj,t,ekbf bv ufhtvjt,bs^ 
hjv kfsbyehb cbv,jkj vbesbst,c mbvbeh ofyfwdkt,bc 
cblblbltc& ptvjs fqybiyekbc  vfufkbsfl ufydb[bkjs 
itvltub jhb cnhemnehf& 

 
 

S C C C C S

R

T

HA

HB

HA'

HB'

R

T

C C

FX'

FX

HA'

HA

cgbyt,bc cbntvf cgbyt,bc cbcntvf

AA'BB' AA'XX'  
gbhdtk vjktrekfib A-c lf A’-c fmds thsyfbhb 

mbvbehb ofyfwdkt,f^ vfuhfv c[dflfc[dfudfhfl ehsbths-
mvtlt,ty B-csfy ~fy B’-csfy`& fyfkjubehfl^ B lf B’ 
bltynehbf mbvbehb ofyfwdkt,t,bc vb[tldbs^ vfuhfv fmds 
ufyc[dfdt,ekb ehsbthsmvtlt,bc rjycnfynt,b A-cf lf A’-
sfy& vtjht vjktrekfib B lf A’ [fcbfslt,bfy thsyfbhb 
mbvbehb ofyfwdkt,bs^ v[jkjl c[dflfc[dfudfhfl ehsb-
thsmvtlt,ty asjhbc sbsjtek fnjvsfy&  

fctsb cbcntvbc ‘bhbsflb vybidytkj,f bc fhbc^ hjv 
yfobyfcofhvtn.dtkt,b bmyfc pjkt,bc vfmcbvfkehb 
hfjltyj,f H1-,vh cgtmnhpt fvf se bv ]ueabcfsdbc& 

3-bjlghjgfyv;fdf ofhvjflutyc AA’BB’ cgbyeh 
cbcntvfc& hjujhw vjcfkjlytkb b.j^ jhb vtsbktyehb 
]ueab dkbylt,f nhbgktnt,bc cf[bs ~yf[& 36`& 
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12& JHUFYEKB YFTHST<BC H1-<VH 
CGTMNHJVTNHBF 

12&1& FKRBYT<B  

fkrbyt,bc ≡C-H ghjnjyt,bc cbuyfkt,b dkbylt,f 
afhsj bynthdfkib 1&8-lfy 3&1 vo-vlt& cbuyfkbc vlt,f-

htj,f itlfht,bs ‘kbth dtkib ufygbhj,t,ekbf C≡C ,vbc 
fybpjnhjgbbs& 

cfvvfub ,vbc π-cbcntvf sbsmjc uflfcwtvc cfrvfhbc 
#cgbyeh byajhvfwbfc@^ hfcfw vbd.fdfhs fwtnbktyeh 
,vfcsfy fhct,ekb ghjnjybc uf[ktxdfvlt c[df ef[kjtcb 
ghjnjybc ufdktybs& 

yf[& 36& 3-bjlghjgfyv;fdfc H1-,vh cgtmnhb 

01002003004001000
500
250
100
50

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0  vo

TMS
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OH

O
11.52 δ

I

O

OH
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CCCH H J=2-3 /w

 
fqybiyekbc lfcnehfl itb’kt,f ufvjdb.tyjs 

1-vtsjmcb-1-,enty-3-bybc H1-,vh cgtmnhb^ hjvtkbw 
cfrvfjl byajhvfwbekbf ~yf[& 37`&  

  
vtsjmcb]ueabc cbuyfkb dkbylt,f cbyuktnbc cf[bs^ 

hjvtkbw uflfflubkt,ekbf cfrvfjl cecn dtkib ;fyu,flbc 
tktmnhjefh.jabsj,bc ufvj& vtsbktyehb ]ueabc 
ghjnjyt,bc cbuyfkt,b ofhvjflutyty hsek veknbgkt-

nt,c& HA ghjnjyb ~δ 3&08` ehsbthsmvtlt,c HC ghjnjysfy 

~δ 4&52` lf b’ktdf le,ktnc& fv le,ktnbc sbsjtekb 
cbuyfkb itvlujvib ufybwlbc uf[ktxfc HA lf HD ghj-
njyt,bc cecnb ufdktybc ufvj& HC ghjnjybc cbuyfkb b[-
kbxt,f 1-vlt,fhtj,fib fhct,ekb HD ghjnjybc ufdktybs 
lf b’ktdf le,ktnc ~J-bc lblb vybidytkj,bs`& fyfkj-
ubehfl b[kbxt,f HC ghjnjybc .jdtkb cbuyfkb ~b[&yf[& 
38`& 

 
 

yf[& 37& 1-vtsjmcb-1-,enty-3-bybc H1-,vh cgtmnhb 

01002003004001000
500
250
100
50

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0  vo

TMS

a 3.08
b 3.80
c 4.52
d 6.35

C
C

C
C

O
CH3

H

HH
(a)

(b)

(c)

(d)
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lfrdbhdt,flb ghjnjyt,bc cbuyfkb uf[ktxdfvlt

b[kbxt,f

ghjnjybs
Hc

b[kbxt,f

Ha

Hb

b[kbxt,f

ghjnjybs
Hd

b[kbxt,f

ghjnjybs
Ha

HC

cgtmnhbc cf,jkjj cf[t

b[kbxt,f

ghjnjybs

b[kbxt,f

ghjnjybs
Hc

Hd

Ha

ghjnjybs

 
 
 yf[& 38& 1-vtsjmcb-2-,enty-3-bybc vtsbyehb ghjnjyt,bc 

uf[ktxbc fyfkbpb& uf[ktxf yfxdtyt,bf vfcinf,bc 
ufhtit& uf[ktxbc sfyfvbvltdhj,f fh vjmvtlt,c 
cgtmnhbc cf,jkjj cf[tpt& fvltyfl^ itcf’kt,tkbf 
sfdblfy dfxdtyjs Ha ghjnjybc uf[ktxf Hc ghjnjybs^ 
itvltu Hd ghjnjybc uf[ktxf Hc-sb& itltub bmyt,f 
bubdt& 

 
 

12&2& CGBHNT<B 

 cgbhnekb /blhjmcbkbc ghjnjyb^ hjujhw otcb^ 
b’ktdf cbyuktnc bynthdfkib 2-lfy 4 vo-vlt& tc cbuyfkb 
gbhdtkfl lf vtjhtek cgbhnt,ib fh ufybwlbc uf[ktxfc bv 
ghjnjyt,bs^ hjvkt,bw lfrfdibht,ekbf rfh,jybkeh 
fnjvsfy^ hfw ufygbhj,t,ekbf ghjnjyt,bc vbvjwdkbs 
~t&o& mbvbehb vbvjwdkbc tatmnb`& ghjnjyb^ hjvtkbw 
o.lt,f /blhjmcbkbc ]ueablfy^ itb’kt,f xfyfwdkt,ek 
bmyfc fyfkjubehb jhbtynfwbbc cgbybc vmjyt ghjnjybs& 
cgbhnt,bc ghjnjyt,bc fctsb vbvjwdkf ufv[cytkt,ib CCl4 
lf CDCl3 rfnfkbplt,f HCl-bs&  
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CH

H

H

OH ClH+ CH

H

H

O
+

H

H

Cl-

 
 

C O

H

H

HCl C O+

H

H H

+ Cl C O
HH

HCl

 
/blhjmcbkbc ]ueabc ghjnjybc cgbyehb vbvjwdkf 

fmtlfy ufvjvlbyfht^ xdtekt,hbd ufv[cytkt,ib^ hjvkt,bw 
ufvjb.tyt,f H1-,vh cgtmnhjvtnhbfib^ itbybiyt,f OH-bc 
cbuyfkbc uf[ktxf& fvbc vfufkbsbf ,typbkbc cgbhnbc 
H1-,vh cgtmnhb^ hjvtkbw vjwtvekbf yf[& 39& lbvtsbk-
cekajmcblib cgtmnht,bc uflfqt,bcfc ofhvjbij,f ‘kbthb 
o.fk,flehb ,vt,b cgbhncf lf ufv[cytkc ijhbc^ hfw 
vybidytkjdyfl fvwbht,c fnjvbc vbvjwdkbc cbxmfhtc& tc rb 
cfiefkt,fc b’ktdf^ cgtmnhpt xfbothjc dbwbyfkehb 
ghjnjyt,bs uf[ktxbkb -OH ]ueabc cbuyfkb& fvfcsfyfdt^ 
-OH ]ueabc ghjnjybc cbuyfkb eahj cecn dtkib 

dkbylt,f ~≈5 vo`& cbuyfkbc uf[ktxf lf /blhjmcbkbc ghj-
njybc uflfflubkt,f cfiefkt,fc b’ktdf^ wfkcf[fl bmyfc 
lflutybkb cgbhnekb ,eyt,f - rth’jl^ gbhdtkflbf^ vtj-
htekb se vtcfvtekb cgbhnb& tc vjdktyf yfxdtyt,bf 
tsbkbc^ bpjghjgbkbcf lf vtcfvtekb ,enbkbc cgbhnt,bc 
vfufkbspt yf[& 40-pt& cgtmnht,bc uflfqt,bcfc vskbfyfl 
ltbnthbht,ek lbvtsbkcekajmcblib ~CD3SOCD3` cgtm-
nhpt ufv[cytkbc cbuyfkb fh dkbylt,f& 
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R C H

H

H OS(CH3)2

R C H

R

H OS(CH3)2

R C R

R

H OS(CH3)2

HO-nhbgk tnb HO- l e, k tnb HO-cbyuk tnb
-CH2-O l e, k tnb -CH-O l e, k tnb

 

yf[& 39& ,typbkbc cgbhnbc H1-,vh cgtmnhb 
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yf[& 40& H1-,vh cgtmnht,b% tsfyjkb^ 2-ghjgfyjkb^ 
2-vtsbkghjgfyjk-2& cgtmnht,b uflfqt,ekbf 

fhfltbnthbht,ek DMSO-ib& fvbnjv^ cbuyfkb δ 2&6 vo 
ittcf,fvt,f ufv[cytkc& 
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12&3& FKLT/BLT<B LF RTNJYT<B 

fklt/blt,bc rtnjyt,bcfufy ufyc[dfdt,f cfrvfjl ‘yt-
kbf bo cgtmnhjvtnhbbs C=O ,vbc isfysmvfpt lf.h-
lyj,bs& 2720-2820 cv-1 e,fyib le,ktnbc ufvjdkbyt,f udt[-
vfht,f fklt/blt,bc bltynbabrfwbfib^ hflufy tc isfysmvf 
ufygbhj,t,ekbf rfh,jybkeh yf[ibh,flcf lf o.fk,flc 
ijhbc ,vbc dfktynehb h[tdbs& 

fyfkjubehb vtsjlbs H1-,vh cgtmnhjvtnhbfib tc 
o.fk,flfnjvb cecn dtkib uflfyfwdkt,ekbf rbltd eahj 
‘kbth^ dblht fhjvfnekb ghjnjyt,b^ hfw vfsb ~fklt-
/blt,bc` bltynbabrfwbbc cfiefkt,fc b’ktdf& 

hjujhw ,enfyfkbc H1-,vh cgtmnhblfy xfyc ~yf[& 
41`^ CHO-c cbuyfkb fhfvfhnj ijhcff uflfflubkt,ekb 

cecn dtkib ~≈10 vo`^ fhfvtl ‘kbth cecnfl ehsb-
thsvjmvtlt,c vtpj,tk ghjnjyt,sfy ~J=1-3`& dbyfblfy 
rtnjyt,ib rfh,jybkeh yf[ibh,flbc fnjvpt ghjnjyb fh 
fhct,j,c^ fvbnjv vfsb bltynbabrfwbbcfc ufsdfkbcob-
yt,ekb eylf bmyfc rtnjybc ]ueabc ufdktyf vtpj,tk 
ghjnjyt,pt& rtnj]ueabc vfltptrhfybht,flb tatmnb 

yf[& 41& ,enfyfkbc H1-,vh cgtmnhb 
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yfxdtyt,b yf[& 42-pt^ hjvtkptw vjwtvekbf fwtnjatyjybcf 
lf tsbk,typjkbc cgtmnht,b& 

 
se yfthsb fhct,j,c tyjkehb ajhvbs^ vfiby 

tyjkehb ghjnjybc cbuyfkb ofyfwdkt,ekbf cecn dtkib 
~5-18 vo`^ hfw fb[cyt,f^ gbhdtk hbuib^ ;fyu,flbc fnjvbc 
tktmnhjefh.jabsj,bs^ vtjhtc v[hbd rb vluhflb ibuf 
vjktrekehb o.fk,flehb ,vt,bc fhct,j,bs^ hjvtkbw 
lfvf[fcbfst,tkbf vhfdfkb tyjkbcfsdbc& 

 
 

 

12&4&  RFH<JYV:FDT<B 

rfh,jmcbkehb ]ueabc ghjnjysf cbuyfkt,b ufykf-

ut,ekyb fhbfy ‘kbth cecn dtkib ~δ=10-12 vo`& se 
cgtmnhb xfothbkb bmyt,f ltbnthbevbc jmcblib^ vfiby tc 
cbuyfkb mht,f vbvjwdkbc htfmwbbc ufvj& 

 

R
CH2

C

O

OH
D2O R

CH2

C
O

OD
HOD

 
 

yf[& 42&  fwtnjatyjybcf lf tsbk,typjkbc H1-,vh cgtmnht,b& 
yfxdtyt,bf v[jkjl fkrbkehb ]ueat,bc ahfuvtynt,b 

0100200300
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a 2.43
b 7.15
c 7.80

0100200300
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c 7.07

c c

CH2
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b
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cc
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ghjgfyv;fdfc H1-,vh cgtmnhb ltbnthjmkjhj-
ajhvib vjwtvekbf yf[& 43-pt& 

rfh,jyv;fdt,bc bctsb ofhvjt,ekt,b^ hjujhbwff 
fy/blhblt,b lf hsekb tstht,b^ fh itbwfdty eiefkjl 
rfh,jmcbkbc ]ueasfy lfrfdibht,ek ghjnjyt,c& fvbnjv 
tc aeymwbehb ]ueat,b fh itb’kt,f lflutybkb bmyfc 
H1-,vh cgtmnhjvtnhbbc cfae’dtkpt& sevwf tc ]ueat,b 
bodtdtc vtpj,tkb ghjnjyt,bc ltptrhfybht,fc^ hbc 
itltufl itb’kt,f ufhrdtekb byajhvfwbbc vbqt,f& 
vfufkbsfl^ fwtnbkmkjhblbc^ fwtnfy/blhblbc^ fwtn-
fvblbcf lf ‘hvfhv;fdfc vtsbkbc ]ueat,b b’ktdf cbuyfkc 

δ=2&66^ 2&20^ 2&02 lf 2&08 vo-pt itcf,fvbcfl& tc 
vybidytkj,t,b itb’kt,f itdflfhjs ,enfyv;fdfc 
rfh,jmcbkbc ]ueablfy ijhc vlt,fht vtsbkbc ]ueabc 
htpjyfycsfy& fv erfyfcrytkbc cbuyfkb vlt,fhtj,c 1&00 vo-
pt& 

 
 

 
fvblt,b v;fdt,bc ths-

thsb ofhvjt,ekbf^ hjvtkibw 
aeymwbehb ]ueab itbwfdc 
ghjnjyc& vbcb cbuyfkb vfhnbd 
fvblt,ib RC(O)NH2 vlt,fhtj,c 

yf[& 43& ghjgfyv;fdfc H1-,vh cgtmnhb ltbnthjmkjhjajhvib 
O

NH
Alk

Ar

O

NH
Alk

Alk

O

NH
Ar

Alk

6-8.2 vo

7.8-9.4 vo  

7.8-9.4 vo  
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δ=5-6&5 vo bynthdfkib^ [jkj N-xfyfwdkt,ek fvblt,ib  
rb N-H-bc cbuyfkbc vlt,fhtj,f lfvjrblt,ekbf fpjnbc 
fnjvsfy fhct,ek xfvyfwdkt,kbc ,eyt,fpt& 

rfh,jyv;fdt,bcf lf vfsb ofhvjt,ekt,bc H1-,vh 
cgtmnht,bc ybveifl yf[& 44 lf yf[& 45-pt vjwtvekbf 
‘vfhv;fdfcf lf fwtnbkmkjhblbc cgtmnht,b& 

 

 
 

 
 
 
 

yf[& 44& .byek’vfhv;fdfc H1-,vh cgtmnhb 
 

yf[& 45& fwtnbkmkjhblbc H1-,vh cgtmnhb 
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12&5& FVBYT<B 

 Alk-NH2 lf Alk2NH nbgbc fvbyt,b .jdtksdbc 

b’ktdbfy N-H ghjnjybc cbuyfkc 0&5-3&5 δ bynthdfkib^ 
[jkj ArNH2^ Ar-NH-Alk lf Ar2NH nbgbc fvbyt,b rb - 2&9-

4&8 δ bynthdfkib^ vfuhfv cfvoe[fhjl tc e,yt,b bafht,f& 
fvbc ufhlf^ fv ]ueat,bc mbvbehb ofyfwdkt,f ufhrdtek 
obkfl lfvjrblt,ekbf fvbybc rjywtynhfwbfpt lf 
ufv[cytkbc ,eyt,fpt& fmtlfy ufvjvlbyfht^ fvbyt,bc bltynb-
abrfwbf cfrvfjl hsekbf H1-,vh cgtmnhjvtnhbbs& 

H1-,vh cgtmnhjvtnhbbs^ hjujhw otcb^ vtcfvtekb 
fvbyt,bc ufycfpqdhf ite’kt,tkbf^ dbyfblfy fpjnbc fnjvpt 
fh fhct,j,c o.fk,flbc fnjvb& sevwf c[df aeymwbehb 
]ueat,bc ghjnjyt,b b’ktdbfy itcf,fvbc cbuyfkt,c& 

pjubthsb fvbybc H1-,vh cgtmnhb vjwtvekbf yf[& 
46-pt lf yf[& 47-pt& se cby]c lfdfvfnt,s ltbnthbevbc 
jmcblc^ vfiby tc cbuyfkt,b mht,f ghjnjybc mbvbehb 
vbvjwdkbc ufvj NH ]ueacf lf D2O-c ijhbc& 

 

 
 
 
 

yf[& 46& 2-tsbkfybkbybc H1-,vh cgtmnhb 
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12&6&   ATYJKT<B  

atyjkehb -OH ]ueabc ghjnjybc cbuyfkb itb-
ybiyt,f 4-12 vo bynthdfkib^ sevwf vbcb vlt,fhtj,f lfvj-
rblt,ekbf ntvgthfnehfpt^ ufv[cytkbc ,eyt,fpt^ rjywty-
nhfwbfcf lf o.fk,flehb ,vt,bc fhct,j,fpt& bv ghjnj-
yt,bcfsdbc^ hjvkt,bw vjyfobktj,ty iblfvjktrekeh 
o.fk,fleh ,vt,ib^ lfvf[fcbfst,tkbf ‘kbth cecn dtkib 
uflfflubkt,ekb cbuyfkt,b& 2-vtcfv&-,enbkatyjkbc 
H1-,vh cgtmnhb vjwtvekbf yf[& 48-pt& 

 

yf[& 47& atybk,typbkfvbybc H1-,vh cgtmnhb  

yf[& 48& 2-vtcfvtekb-,enbkatyjkbc H1-,vh cgtnhb 
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13& H1-<VH CGTMNHT<BC 
BYNTHGHTNFWBF 

jhufyekb yfthst,bc H1-,vh cgtmnht,bc bynth-
ghtnfwbf ufydb[bkjs hfvjltybvt rjyrhtnek vfufkbspt& 

 
2-vtsbk-1-ghjgfyjkb ~bpj,enfyjkb` 
1. bpjghjgbkbc ]ueabc vtsbkbc ghjnjyt,bc 

cbuyfkb uf[ktxbkbf le,ktnfl vtsbyehb o.fk,flbc 
ehsbthsmvtlt,bc ufvj& 

2. vtsbktyehb ]ueabc cbuyfkb fctdt ofhvjflutyc 
le,ktnc^ vfuhfv vbcb ufyc[dfdt,f fldbkfl itb’kt,f 
obyf cbuyfkbcfufy afhlj,bs byntycbehj,t,cf ~vbcb 
byntycbehj,f fhbc 2H lf fhf 6H` lf mbvbeh ofyfw-
dkt,fpt lf.hlyj,bs& 

3. vtsbyehb ]ueabc cbuyfkb eahj hsekbf^ dblht 
tc yf[& 49-ptf vjwtvekb& bub ufygbhj,t,ekbf vtsbkt-
yehb ]ueabc ufdktybs ufvjodtekb lfvfnt,bsb uf[-
ktxdbs& 

4. -OH ]ueabc ghjnjybc cbuyfkb fh fhbc 
uf[ktxbkb lf ofhvjflutyc cbyuktnc& cgbhnekb 
ghjnjybc cbuyfkbc fctsb cf[t lfvf[fcbfst,tkbf 
cgbhnt,bcfsdbc^ hjltcfw bcbyb uf[cybkyb fhbfy 
CD3Cl3-ib& 

5. c[dflfc[df cbuyfkbc afhlj,bsb byntycbehj,t,b 
yfxdtyt,bf cfat[eht,hbdb byntuhfkehb obhbs& 
bub fv rjyrhtnek itvs[dtdfib yfgjdybf cbuyfkbc 
byntuhbht,bs vbqt,ekb sbsjtekb hbw[dbc 

uf.jabs evwbhtc byntycbehj,fpt ~10-pt`& 



97 

 

 
 
,typbkbc cgbhnb^ atybkfwtnbktyb ~yf[& 50`& 
 

1. atybkbc ]ueabc ghjnjyt,bc cbuyfkt,b jhbdt 
yfthsbcfsdbc itbybiyt,f sbsmvbc thsb lf bubdt dtkib 

~≈7&2 δ`^ sevwf vfsb cfthsj cf[t ‘kbth ufyc[dfdlt,f& 
hfw eahj tktmnhjefh.jabsbf atybkbc ]ueasfy 
lfrfdibht,ekb fnjvb^ vbs eahj hsekbf cbuyfkbc 
cf[t& 

2. -OH lf -CH2- ]ueabc cbuyfkt,b fh fhbc uf[ktxbkb 
~hfw lfvf[fcbfst,tkbf cgbhnt,bcfsdbc c[dflfc[df 
ufv[cytkib`& 

yf[& 49&  bpj,enfyjkbc H1-,vh cgtnhb 
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yf[& 50& H1-,vh cgtmnht,b% ,typbkbc cgbhnb^  atybkfwtnbktyb 
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VFC CGTMNHJVTNHBF 

 

ITCFDFKB 

ptvjs fqybiyekb cgtmnhjvtnhbbc cf[tt,b ~eb^ bo 
lf H1-,vh` lfae’yt,ekbf vjktrekbc vbth tythubbc 
ithxtdbs isfysmvfpt& fv lhjc sdbs vjktrekf fh 
ufybwlbc lfikfc fy uflf]ueat,fc& vfc-cgtmnhjvtnhbf^ 
c[df cgtmnhjvtnhbt,bcfufy ufyc[dfdt,bs^ lfae’yt,ekbf 
tktmnhjyt,bc lf,jv,dbs vjktrekbc lfikfcf lf 
vbqt,ekb yfobkfrt,bc vfct,bc htubcnhfwbfpt& 

se jhufyekb yfthsbc vjktrekfpt ufy[jhwbtkt-
,ekb bmyt,f ybdsbtht,bc bjybpfwbbc gbhdtkb gjntywbfkbc 
vfnfht,tkb tythubbc ~~10 td` tktmnhjyt,bs lf,jv,df^ 
vfiby vjktrekblfy vj[lt,f tktmnhjybc vjo.dtnf% 

M :    +        e                        M+           +     2e
_ _

vjktrekf tktmnhjyb rfnbjy-hflbrfkb
vjktrekehb bjyb

jhb tktmnhjyb

 
tktmnhjybc vj[ktxbc fv ghjwtcc tojlt,f bjyb-

pfwbf^ [jkj vbqt,ek yfobkfrc M⋅+ vjktrekehb bjyb& 
vjktrekeh bjyc uffxybf lflt,bsb ve[nb lf thsb 
ufeo.dbkt,tkb tktmnhjyb^ fye fhbc rfnbjy-hflbrfkb& 
se xfdsdkbs^ hjv tktmnhjybc vfcf yekbc njkbf^ vfiby 
vjktrekehb bjybc vfcf bv vjktrekbc vfcbc njkb bmyt,f^ 
hjvkblfyfw tktmnhjyb bmyf vjo.dtnbkb& 

se vjktrekf ufybwlbc eahj lblb tythubbc 
tktmnhjyt,bs lf,jv,dfc^ dblht bjybpfwbbc gbhdtkb 
gjntywbfkbf^ vfiby vjktrekehb bjyb b’tyc bctsb 
hfjltyj,bc tythubfc^ hjv itcf’kt,tkb [lt,f ,vt,bc 
ufo.dtnf& ,vt,bc ufo.dtnbc itltufl vjktrekehb bjyb 
bikt,f eahj vwbht pjvbc ahfuvtynt,fl - hflbrfkt,fl 
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lf rfnbjyt,fl& fv ghjwtcc rb tojlt,f ahfuvtynfwbf& 
fvfcsfyfdt^ ,vt,bc ufo.dtnfcsfy thsfl flubkb fmdc 
iblfvjktrekeh uflf]ueat,fcfw^ hjvkbc lhjcfw 
vbbqt,f uflf]ueat,ekb bjyt,b lf hflbrfkt,b& 

ABC + e                  ABC     +   2e

A+ +  BC
A   +  BC+

AB+  + C
AB  + C+

AC+  + B   
AC  + B+

}
}

ahfuvtynfwbf

uflf]ueat,f

 
 
 

fvltyfl^ vfqfkb tythubbc ~≈70 td` tktmnhjyt,bs 
lf,jv,dbcfc vjktrekf bikt,f vwbht pjvbc lfve[nek 
~bjyt,b` lf ytbnhfkeh ~hflbrfkt,b` yfobkfrt,fl& vfc-
cgtmnhjvtnhbbc cfiefkt,bs itcf’kt,tkbf v[jkjl 
lfve[nekb yfobkfrt,bc vfcbc htubcnhfwbf& 

vfc-cgtmnhbc xfothbcfc ybdsbtht,f fbhfl afpfib 

qhvf dfreevbc gbhj,t,ib ~≈10-6 vv Hg cd` ufybwlbc ≈70 td 
tythubbc tktmnhjyt,bs lf,jv,dfc& vbqt,ekb lfve[nekb 
yfobkfrt,b vfqfkb tktmnhjyekb dtkbc ptvjmvtlt,bs 
ufybwlbfy fxmfht,fc lf [dlt,bfy vfuybneh dtkib& fv 
erfyfcrytkib ytbnhfkehb yfobkfrt,b fh bwdkbfy 
vj’hfj,bc vbvfhsekt,fc^ [jkj bjyt,b bwdkbfy vj’hfj,bc 
nhftmnjhbfc vfcbcf lf ve[nbc sfyfafhlj,bc m/z vb[tl-
dbs& tc rb cfiefkt,fc b’ktdf^ ufyfobkt,ekb bmyfc bjyt,b^ 
lflutybkb bmyfc vfsb vfct,b lf hfjltyj,f& vfc-cgtm-
nhjvtnhbc ghbywbgekb cmtvf vjwtvekbf yf[& 51-pt& 
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vfc cgtmnhb ofhvjflutyc cbuyfkbc byntycbehj,bc 
lfvjrblt,ekt,fc bjybc vfcbcf lf ve[nbc afhlj,fpt&  

vfmcbvfkehb byntycbehj,bc vmjyt gbrbc cbvfqkt 
bsdkt,f 100%-fl^ [jkj lfyfhxtyb gbrt,bc byntycbehj,f 
ufvjbsdkt,f fv gbrbc vb[tldbs ~yf[& 53`& 

tktmnhjyt,bs lf,jv,dbc itltufl vbqt,ekb yfob-
kfrt,bc ve[nb^ hjujhw otcb^ 1-bc njkbf& fvbnjv m/z 
sfyfafhlj,f tvs[dtdf yfobkfrbc vfcfc& vfc-cgtmnhb^ ufhlf 
uhfabrekb ufvjcf[ekt,bcf^ itcf’kt,tkbf ofhvjlubyltc 

1

2

3

4

5 6
7

89

10

yf[& 51& vfc-cgtmnhjvtnhbc ghbywbgekb cmtvf% 
1-vjktrekehb fvjvahmdtdb^ 2-fbhbc yfrflb^ 3-fbhbc 
yfrflbc vfajhvbht,tkb zhbkb^  4-fyjlb^ 5-bjyt,bc 
fvfxmfht,kbc gbhdtkb zhbkb^ 6-vfajrecbht,tkb 
zhbkb^ 7-bjyt,bc fvfxmfht,tkb vtjht zhbkb^ 
8 -0^18 vv lbfvtnhbc zhbkb^ 9-rjktmnjhb^ 
10-sdbsxfvothb 
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w[hbkbc cf[bsfw^ hjvtkibw vjwtvekb bmyt,f m/z lf gbrbc 
afhlj,bsb byntycbehj,t,b& 

vfc-cgtmnhbc cfiekt,bs itcf’kt,tkbf lflutybkb 
bmyfc yfthsbc vjktrekehb vfcf^ vjktrekehb ~,henj` 
ajhvekf lf vfhnbdb yfthst,bcfsdbc rb - fqyfuj,f& 

 
 

1& VJKTREKEHB VFCBCF LF <HENJ 
AJHVEKBC LFLUTYF 

vjktrekehb vfcbc lflutybcfsdbc cfzbhjf^ vfc-
cgtmnhib ufvjdktybkb bmyfc vjktrekehb bjybc gbrb& fv 
gbrbc m/z vybidytkj,f ittcf,fvt,f ybdsbtht,bc vjkt-
rekeh vfcfc& ,typjkbc vfc-cgtmnhpt .dtkfpt byntycbehb 
gbrb m/z 78 fhbc vjktrekehb bjybc gbrb ~yf[& 52`& 

tktmnhjyt,bc lf,fkb tythubbc ~≈10 td` lhjc 
vjktrekeh bjyc^ hjujhw otcb^ ittcf,fvt,f .dtkfpt 
byntycbehb gbrb^ dbyfblfy fv lhjc flubkb fmdc v[jkjl 
vjktrekbc bjybpfwbfc& tktmnhjyt,bc 70 td tythubbc 
lhjc vjktrekehb bjybc gbrbc byntycbehj,f vwbhlt,f^ 
dbyfblfy flubkb fmdc vbc ahfuvtynfwbfc& vbcb bynty-
cbehj,f lfvjrblt,ekbf vjktrekehb bjybc cnf,bke-
hj,fpt& fvbnjv .dtkfpt byntycbehb gbrb vfc-cgtmnhib 
.jdtksdbc fh ittcf,fvt,f vjktrekeh bjyc& se 
ahfuvtynfwbbc lhjc ofhvjbmvyt,f tktmnhjyekb 
tatmnt,bs cnf,bkbpt,ekb eahj vluhflb rfh,rfnbjyb^ 
vfiby vjktrekehb bjybc gbrc fmdc itlfht,bs vwbht 
byntycbehj,f^ [jkj pjubths itvs[dtdfib bub itb’kt,f 
cfthsjl fhw fhct,j,ltc& 
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fhjvfnekb yfthst,bc vjktrekehb bjyt,b [fcbfs-
lt,bfy .dtkfpt ufphlbkb cnf,bkehj,bs^ [jkj fvbyt,bc^ 
cgbhnt,bc^ rfh,jv;fdt,bc vjktrekehb bjyt,b [fcbfs-
lt,bfy itvwbht,ekb cnf,bkehj,bs& vwbht byntycbehj,bc 
vjktrekehb bjyt,bc fhct,j,bc itvs[dtdfib vbcb 
ufvjdkbyt,bcfsdbc .ehflqt,f eylf vbtmwtc itvltu 
ufhtvjt,t,c% 

• se ybdsbtht,f itbwfdc C^ H^ O^ S tktvtynt,cf lf 
/fkjutyt,c^ vfiby vfcehb hbw[db fhbc o.dbkb 

• se vjktrekfib fpjnbc tktvtynbc rtynb 
hfjltyj,ff^ vfiby vjktrekehb bjybc vfcehb 
hbw[db fhbc rtynb 

• se vjktrekfib fpjnbc tktvtynbc o.dbkb 
hfjltyj,ff^ vfiby vjktrekehb bjybc vfcehb 
hbw[db fhbc o.dbkb ~t&o& #fpjnbc@ otcb` 

yf[& 52& ,typjkbc vfc-cgtmnhb 

0

20

40

60

80

100

0 10 20 30 40 50 60 70 80 90 100
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w[hbkb 10& pjubthsb tktvtynbc bpjnjgt,bc itvwdtkj,f 

 

tktvtynb bpjnjgt,bc sfyfafhlj,f 

C 12C:13C=100:1.08 
H 1H:2H=100:0.16 
N 14N:15N=100:0.38 
O 16O:17O:18O=100:0.04:0.02 
S 32S:33S:34S =100:0.78:4.45 
Cl 35Cl:37Cl=100:32.5 
Br 79Br:81Br=100:98.0 

 
 
,typjkbc fnjvt,bc evtntcb yfobkb fhbc C12 lf H1 

cnf,bkehb bpjnjgt,b& fvbnjv vbcb vjktrekehb vfcf 
fhbc 78& ,typjkbc bpjnjgeh cf[tc[dfj,fc^ hjvtkbw thsb 
C12 fnjvbc yfwdkfl itbwfdc ths C13 fnjvc^ vjktrekehb 
vfcf fhbc 79& w[hbkb 10-bc sfyf[vfl^ ,typjkbc .jdtk 100 

vjktrekfpt ~vjktrekehb vfcbs 78` vjlbc 6&48 ~6×1&08` 
,typjkbc vjktrekf^ hjvkbc vjktrekehb vfcf 79-bc 
njkbf& 

,typjkbc bpjnjgehb cf[tc[dfj,f itb’kt,f H1-bc 
fnjvbc yfwdkfl itbwfdltc H2 fnjvc& vbcb vjktrekehb 
vfcf fctdt 79-bc njkb bmyt,f& vfuhfv fctsb vjktrekt,bc 
hfjltyj,f rbltd eahj vwbhtf^ dbyfblfy w[hbkb 10-bc 
sfyf[vfl .jdtk 100 ,typjkbc vjktrekfpt ~vjktrekehb 

vfcbs 78` vjlbc ≈0&1 ~0&16×6` fctsb vjktrekf&  
vfifcflfvt^ sfyfafhlj,f itvltuyfbhfl ufvjb.eht-

,f% 
 

12 1 12 13 1 12 1 2
6 6 5 6 6 5C H :C C H :C H H =100:6.48:0.1 

 
fmtlfy ufvjvlbyfht^ ,typjkbc vfc-cgtmnhib 

vjktrekehb bjybc udthlbs .jdtksdbc bmyt,f M+1 gbrb 
~m/z 79` byntycbehj,bs 6&58% ~6.48+0.1` vjktrekehb 
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bjybc gbrbc byntycbehj,fcsfy itlfht,bs& ,typjkbc vfc-
cgtmnhib fctdt itbybiyt,f M+2 gbrb^ vfuhfv vbcb 
byntycbehj,f ‘fkbfy vwbhtf ~0&18%`& 

ufydb[bkjs ,hjvvtsfybc vfc-cgtmnhb ~yf[& 53`& 
 

0
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%
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96

 

 
CH3Br-bc vjktrekehb vfcf fhbc 95^ sevwf 

cgtmnhpt m/z 95 gbrbc yfwdkfl fhbc m/z 94 lf m/z 96 
gbrt,b& tc vjdktyf fb[cyt,f bv ufhtvjt,bs^ hjv ,hjvvtsfyb 
fhct,j,c jhb bpjnjgehb vjlbabrfwbbc cf[bs% CH3Br79 lf 
CH3Br81. 

yf[& 53& ,hjvvtsfybc vfc-cgtmnhb 
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w[hbkb 10-bc vb[tldbs vfsb sfyfafhlj,f bmyt,f 100%98&0& 
,hjvvtsfybc fqybiyekb bpjnjgehb vjlbabrfwbt,bc 
vjktrekehb vfct,b itcf,fvbcfl fhbc 94 lf 96& fvfcsfyfdt^ 
m/z 94 gbrb 2%-bs eahj byntycbehbf^ dblht m/z 96 gbrb& 

hjujhw fqybiyekb b.j^ vjktrekehb bjyb tojlt-
,f bv bjyc^ hjvtkbw ofhvjbmvyt,f itlfht,bs vluhflb 
bpjnjgehb vjlbabrfwbblfy& fmtlfy ufvjvlbyfht^ 
vjktrekehb bjybc itcf,fvbcb gbrb bmyt,f m/z 94 lf fhf 
m/z 96&  

mkjhbc fnjvb^ ,hjvbc fnjvbc vcufdcfl^ ,eyt,fib 
fhct,j,c jhb bpjnjgbc cf[bs% Cl35lf Cl37& fvbnjv 
2-mkjhghjgfybc vfc-cgtmnhb M+ gbrsfy thsfl itbwfdc 
M+2 gbrc^ hjvtkbw ittcf,fvt,f C3H7Cl37 ~yf[& 54`& dbyfblfy^ 
Cl35bpjnjgb cfv]th eahj cnf,bkehbf Cl37 bpjnjgpt^ 
~w[hbkb 10` M+ gbrbw^ itcf,fvbcfl^ fvlty]thdt 
byntycbehbf M+2 gbrpt& 

vjktrekehb ajhvekbc lflutyf vfc-cgtmnhbc 
cfiefkt,bs itcf’kt,tkbf M+1^ M+2 gbrt,bc fyfkbpbs^ 
dbyfblfy vfsb byntycbehj,f lfvjrblt,ekbf vjktrekbc 
tktvtyneh itlutybkj,fpt& fmtlfy ufvjvlbyfht^ se 
lflutybkb bmyt,f vjktrekehb bjybc vfcf lf M+1 lf M+2 
gbrt,bc afhlj,bsb byntycbehj,t,b^ itcf’kt,tkbf 
lflutybkb bmyfc yfthsbc ,henj ajhvekf ,tbhjybc 
w[hbkt,bc cfiefkt,bs1&  

 

                                                 
1 Сильверстейн Р., Басслер Г., Моррил Т. Спектроскопическая 

идентификация органических соединений. М.: Мир, 1977.  
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itdflfhjs M+1 lf M+2 gbrt,bc afhlj,bsb 
byntycbehj,t,b itvltub yfthst,bcfsdbc% zbfyzdtkv;fdf^ 
vtsbk/blhfpbyb lf tsfyjkb ~b[& w[hbkb 11`& 

 
 

w[hbkb 11& zbfyzdtkv;fdfc^ vtsbk/blhfpbybc^ tsfyjkbcf lf 
lbvtsbktsthbc isfysmvbc gbrt,bc byntycbehj,t,b 

byntycbehj,f % ,henj 
ajhvekf lfcf[tkt,f 

M+ M+1 M+2 
CH2O2 zbfyzdtkv;fdf 100 1.19 0.40 
CH6N2 vtsbk/blhfpbyb 100 1.94 0.01 
C2H6O tsfyjkb^ 

lbvtsbktsthb 100 2.30 0.22 
 
 
yfthsbc vjktrekehb ajhvekf itcf’kt,tkbf 

lflutybkb bmyfc fuhtsdt vfqfkb ufhxtdbc vfc-cgtmnhj-
vtnhbs^ hjvtkcfw fmdc eyfhb^ uffhxbjc m/z vybidytkj,f 
v’bvbc itvltu 4 ybiyekbs& vfufkbsfl^ yf[ibh;fyuc lf 
tsbktyc fmdc thsyfbhb vfcehb hbw[db - 28^ [jkj vfqfkb 
cbpecnbc vfc-cgtmnhjvtnhbs itcf’kt,tkbf lflutybkb 

yf[& 54& 2-mkjhghjgfybc vfc-cgtmnhb 
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bmyfc vfsb vfct,b yf[ibh;fyubcfsdbc 27&9949 lf 
tsbktybcfsdbc 28&0312 cbpecnbs& 

 
 
 
 

2& JHUFYEKB YFTHSBC 
CNHEMNEHBC LFLUTYF 

 
jhufyekb yfthsbc cnhemnehbc bltynbabrf-

wbbcfsdbc lflutybkb eylf bmyfc vjktrekehb bjybc 
lfikbc cmtvf& fvbcfsdbc rb eylf itdbcofdkjs yfobkfrt,bcf 
lf uflf]ueat,ekb bjyt,bc gbrt,b& 

vjktrekehb bjybc ahfuvtynfwbbc vbvfhsekt,f 
ufybcfpqdht,f itvltub afmnjht,bs% 

• ,vbc tythubbs% bjyt,bc lfikbcfc gbhdtkfl o.lt,f 
bc ,vt,b^ hjvtksf tythubfw vwbhtf& vfufkbsfl^ C-C 
,vf eahj fldbkfl o.lt,f^ dblht C-H ,vf& fvbnjv^ 
fkrfyt,bc ahfuvtynfwbbcfc flubkb fmdc xjyx[bc 
lfikfc& ]thflb ,vt,b eahj vfqfkb tythubbs 
ufvjbhxtdbfy^ dblht thsvfub ,vf& thsvfub ,vf 
yf[ibh,flcf lf /tnthjfnjvc ijhbc eahj 
kf,bkehbf^ dblht C-C ,vf& 

• ahfuvtynfwbbcfc vbqt,ekb bjyt,bc cnf,bkehj,bs& 
 
 
 

3& AHFUVTYNFWBBC “BHBSFLB 
OTCT<B 

1& fkrfyt,ib lf fkrfyeh ahfuvtynib C-C ,vbc 
ufo.dtnf [lt,f ufyinjt,ek yf[ibh,flfnjvsfy^ hflufy fv 
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lhjc vbbqt,f itlfht,bs cnf,bkehb vtcfvtekb lf 
vtjhtekb rfh,rfnbjyt,b& 

 

R CH

R

R

R CH

R

+ R

 
 
 
vbqt,ekb gbrbc afhlj,bsb byntycbehj,f ufybcfp-

qdht,f vbcb cnf,bkehj,bs& vfufkbsfl^ se thslhjekfl 
ofhvjbmvyt,f gbhdtkflb lf vtjhtekb rfh,rfnbjyt,b^ 
vfiby eahj byntycbehb gbrb tmyt,f itlfht,bs cnf,bkeh- 
vtjhtek rfh,rfnbjyc& 

2& xfyfwdkt,ek wbrkjfkrfyt,ib egbhfntcfl itb-

ybiyt,f α-uf[ktxf ~α vlt,fhtj,f wbrkbc vb[tldbs`^ 
hjvkbc lhjcfw vjb[kbxt,f xfvyfwdkt,tkb lf vbbqt,f 
vtjhtekb rfh,rfnbjyb& 

 

R

R

 
 
  
3& fkrtyt,bcfsdbc lfvf[fcbfst,tkbf vjktrekehb 

bjybc β-uf[ktxf& fv lhjc vbbqt,f vtpjvthekb tatmnt,bs 
cnf,bkbpt,ekb fkbkbc rfnbjyb m/z 41-bs& 

 

R CH2 H2C + RCH2

 
 
 

4& fkrbk,typjkt,bcfsdbc lfvf[fcbfst,tkbf β-uf[-
ktxf cnf,bkehb ,typbkbc rfnbjybc m/z 91 ofhvjmvybs& 
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CH2

R -R

CH2 CH2 CH2
CH2

m/z 91  
 
 
 
5& cgbhnt,ib^ tstht,ib^ sbjkt,ib^ fvbyt,ib^ 

ybnhjyfthst,ib^ /fkjuty- lf yf[ibho.fk,flt,bc c[df 
aeymwbeh ofhvjt,ekt,ib^ hjvkt,ibw yf[ibh,flfnjvb 
lfrfdibht,ekbf thsvfub ,vbs /tnthjfnjvsfy^ flubkb 

fmdc α-uf[ktxfc& 

R X

R+  +    X

R    +  X+
 

 
sevwf fv yfthst,bc vfc-cgtmnht,ib R+-bc itcf,fvbcb 

gbrb itbybiyt,f v[jkjl /fkjutyofhvjt,ekt,bc ahfuvty-
nfwbbcfc& 

;fyu,flbc^ fpjnbcf lf  ujubhlbc fnjvt,bc itvwdtk 
yfthst,ib^ C-X -,vbc ufhlf^ fuhtsdt flubkb fmdc C-C ,vbc 

β-uf[ktxfc& fv lhjc ofhvjmvybkb rfnbjyt,bc cnf,bke-
hj,f ufygbhj,t,kbf /tnthjfnjvbc sfdbceafkb tktm-
nhjyekb o.dbkbc iteqkt,bc tatmnbs& 

R
X

R R CH2 H2C
X

R H2C
X

R

R
X

R

R CH2 R C R CX X+

+
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6& vjktrekehb bjybc uflf]ueat,f [lt,f vwbht 
hfjltyj,bc tythubbc [fh]dbs& fv lhjc [ibhfl 
vjb[kbxt,f ytbnhfkehb yfthst,b H2O^ CO, NH3, H2S, 
HCN, HHal, ROH, RCH=CH2 lf ofhvjbmvyt,bfy 
cnf,bkbpt,ekb uflf]ueat,ekb bjyt,b^ hjvtksf 
ufyc[dfdt,fw yfvc[dhtdb bjyt,bcfufy itcf’kt,tkbf vfcehb 
hbw[dbs& se vjktrekehb bjybc vfcehb hbw[db o.dbkbf^ 
vfiby uflf]ueat,ekb bjybc vfcehb hbw[dbw fhbc o.dbkb^ 
[jkj yfvc[dhtdb bjyt,bc vfcehb hbw[dt,b rb- rtynb& 

f[kf itlfht,bs dhwkfl ufydb[bkjs sbsjtekb 
rkfcbcfsdbc lfvf[fcbfst,tkb ahfuvtynfwbbc vbvfhsekt-
,t,b& 

 
 

4& FKRFYT<B 

fhfufyinjt,ekb lf,fkvjktrekehb fkrfyt,bc 
vfc-cgtmnht,ib .jdtksdbc yfskfl itbybiyt,f 
vjktrekehb bjybc gbrb^ sevwf vbcb byntycbehj,f 
vwbhlt,f xjyx[bc ufu’tkt,fcsfy thsfl^ [jkj 12-pt vtnb 
yfibh,flbc itvwdtkb fkrfyt,bcfsdbc bub cfthsjl mht,f& 
fkrfyt,bc vjktrekehb bjyb cnf,bkbpbht,ekb fh fhbc& 
fvbnjv^ fldbkfl vbvlbyfhtj,c vbcb ahfuvtynfwbf^ hjvkbc 
lhjcfw brfhut,f ]th CH3-]ueab ~M-15 gbrb`^ [jkj 
itvltu CH2-]ueat,b^ hbc itltuflfw vbbqt,f M-29^ M-43^ 
M-57 lf f&i& gbrt,bc cthbf ~m/z 14 ufyc[dfdt,bs`& 

y-ltrfybc vfc-cgtmnhb ~yf[& 55` itbwfdc vjktre-
kehb bjybc M+ ~m/z 142` gbrc^ sevwf vbcb byntycbehj,f 
‘fkbfy vwbhtf& M-15 gbrb^ hjvtkbw ittcf,fvt,f y-yjybkbc 
ahfuvtync ~vtsbkbc ]ueaxfvjwbkt,ek ltrfyc` cfthsjl 
fh itbybiyt,f vbcb cbvwbhbc ufvj& vfc-cgtmnhpt gbrt,bc 
cthbf ittcf,fvt,f vjktrekehb bjybc itvlujv ltahfuvty-
nfwbfc^ hjvkbc lhjcfw sfyvbvltdhekfl brfhut,f vtsb-
ktybc ]ueat,b& 
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vjwtvek vfc-cgtmnhpt .dtkfpt byntycbehb gbrbf 
m/z 43 lf m/z 57^ hjvkt,bw ofhvjflutyty y-ghjgbkbcf lf 
y-,enbkbc rfnbjyt,c& 

ufyinjt,ekb fkrfyt,bc vjktrekehb bjybc gbrbc 
byntycbehj,f fh fhbc lblb^ hflufy fldbkfl vbvlbyfhtj,c 
C-C ,vbc ufo.dtnf ufyinjt,bc flubkpt lf vbbqt,f itlf-
ht,bs cnf,bkehb vtjhtekb lf vtcfvtekb rfh,rfnbjyt,b& 

vfufkbsfl^ 2-vtsbkgtynfyib ~yf[& 56` C2H5- ahfu-
vtynbc vj[ktxbs vbbqt,f gbhdtkflb- bpj,enbkbc rfnb-
jyb& fvbnjv ahfuvtynfwbf egbhfntcfl vbvlbyfhtj,c CH3- 
lf C3H7- ahfuvtynt,bc vj[ktxbs^ dbyfblfy erfyfcrytk 
itvs[dtdfib flubkb fmdc itlfht,bs cnf,bkehb 

rfnbjyt,bc ~bpjghjgbkbcf lf vtjhtekb ,enbkbc` ofh-
vjmvyfc&  

sevwf fmdt eylf fqbybiyjc^ hjv tktmnhjyt,bs 
lf,jv,dbc lhjc fldbkb itcf’kt,tkbf fkrbkbc 

yf[& 55& y-ltrfybc vfc-cgtmnhb 

100

80

60

40

20

20         40        60        80       100       120     140      160       180

CH3
CH2

CH2
CH2

CH2
CH2

CH2
CH2

CH2
CH3

                   29   43     57    71    85   99   113  127

M+ 142

m/z

%
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hflbrfkt,bc iblfvjktrekehb vbuhfwbf^ hfw ite’kt,tkc 
[lbc bpjvthekb fkrfyt,bc pecnb cnhemnehbc lflutyfc& 

CH3

CH2
CH2

CH
CH3

CH3

CH
CH3

CH3

CH3

CH2
CH2

m/z 43

CH3

CH2
CH2

CH

CH3

+ CH3

CH2
CH

CH3

CH3

CH3-CH2

fldbkfl

fldbkfl

hsekfl

m/z 71

m/z 57  
 
 

100

80

60

40

20

20         40        60        80       100       120     140      160       180

29

43

57

72
85 100, M+

m/z

%

 
 

 

5& FKRTYT<B 

fkrtyt,bc vjktrekehb bjybc gbrt,b eahj 
byntycbehyb fhbfy dblht fkrfyt,bcf^ hflufy jhvfub ,vf 
bodtdc vjktrekehb bjybc cnf,bkbpfwbfc& fkrtyt,ib 
itlfht,bs byntycbehj,bs [fcbfslt,bfy [CnH2n-1]+ yfvc[dh-

yf[& 56& 2-vtsbkgtynfybc vfc-cgtmnhb 
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tdt,bc itcf,fvbcb gbrt,b^ hjvkt,bw vbbqt,f vjktrekehb 
bjybc lfikbs& fctsb byntycbehb gbrt,b dkbylt,f m/z 41-
pt^ m/z 55-pt^ m/z 69-pt lf f&i&^ hjvkt,bw ittcf,fvt,f 
fkbkbc ahfuvtynbc itvwdtk fkrtyt,bc rfh,rfnbjyt,c- 
CH2=CH-CH2

+ ~m/z 41`^ ~m/z 55`^ CH2=CH-CH+-CH2CH3 
~m/z 69`& 

fv yfobkfrt,bc itvlujvb ahfuvtynfwbf vbvlbyf-
htj,c fkrfyt,bc vcufdcfl lf vbbqt,f gbrt,bc cthbf^ hjvtk-
sf ijhbc ufyc[dfdt,f fhbc m/z 14& fvfcsfyfdt^ fkrtyt,ib^ 
fkrfyt,sfy itlfht,bs^ eahj vtnfl itbybiyt,f iblf-
vjktrekehb uflf]ueat,f& uflf]ueat,ekb bjyt,bc 
cbvhfdkt rb fhsekt,c cgtmnhbc ofrbs[dfc lf^ bpjvthekb 
fkrfyt,bc itvs[dtdfib^ ite’kt,tkc [lbc cnhemnehekb 
ajhvekbc lflutyfc& 

 

6& FHJVFNEKB YFTHST<B 

 
fhjvfnekb yfthst,b b’ktdbfy ufvjrdtsbkb 

vjktrekehb bjybc gbrc& ,typjkib C-H ,vbc ufo.dtnbs 
vbbqt,f atybkbc rfnbjyb m/z 77 ~`^ [jkj fv erfyfcrytkbc 
lfikbs ufvjb.jaf fwtnbktybc vjktrekf lf vbbqt,f 
C4H3

+ bjyb ~m/z 51`& 
 

C6H5 C4H3
+-H

m/z 78 m/z 77
C6H6

-C2H2

m/z 51  
 
vjyjxfyfwdkt,ekb fkrbk,typjkt,bc vfc-cgtm-

nht,ib vf[fcbfst,tk gbrc ofhvjflutyc m/z 91 gbrb^ 
hjvtkbw ittcf,fvt,f ,typbkbc rfnbjyc& bub itvlujvib 
uflf]uealt,f nhjgbkbevbc rfnbjyib C7H7 ~m/z 91`^ 
[jkj tc erfyfcrytkb^ fwtnbktybc vjktrekbc vj[ktxbc 
itvltu^ ofhvjmvybc wbrkjgtynflbtybk rfnbjyc C5H5

+ ~m/z 
65`& 
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CH2 R

-R

CH2

- HC CH

m/z 91
nhjgbkbevbc rfnbjyb

m/z 91
,typbkbc rfnbjyb

m/z 65
 

 
 
 
 

7& YF{IBHO>FK<FLT<BC AEYMWBEHB 
OFHVJT<EKT<B  

R-X (X=Hal, OH, NH2) 

[R-X]+ vjktrekehb bjybc gbrbc byntycbehj,f 
lfvjrblt,ekbf /tnthjfnjvbc tktmnhjefh.jabsj,fpt 
lf vwbhlt,f itvltu vorhbdib% 

 
R-I > R-Br > R-Cl > R-NH2 > R-OH > R-F 

 
vjktrekehb bjybc ahfuvtynfwbf itcf’kt,tkbf 

ofhbvfhsjc itvltub vbvfhsekt,t,bc vb[tldbs% 
 

 1& C-X ,vbc α-uf[ktxf% 
 

R

H2C X
R CH2  +  X

R CH2  +  X

1(f)

1(,)  
 

 2& C-C ,vbc β-uf[ktxf% 
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R

H2C X
R H2C 2(f)

2(,)

+ X H2C X

H HC+ X HC X

R R  
 
 
 
 
3. C-X  ,vbc ufo.dtnf lf thslhjekb uflf]ueat,f% 
 

R

H2C X

3(f)

3(,)CH CH2

-HX

[M-HX]

H
XM + H2C CH2

 
 
 
 
 
 

7&1& /FKJUTYOFHVJT<EKT<B 

 
/fkjutyofhvjt,ekt,bcfsdbc lfvf[fcbfst,tkbf 

ptvjs fqothbkb ahfuvtynfwbbc .dtkf vbvfhsekt,f& bjl- 

lf ,hjvyf[ibho.fk,flt,b ufybwlbfy α-uf[ktxfc^ asjh-

ofhvjt,ekt,b rb β-uf[ktxfc lf vbc itvlujv uflf]ue-

at,t,c ~vt-2 lf vt-3 vbvfhsekt,t,b`& pjuflfl^ α-uf[-
ktxbc itcf’kt,kj,f vwbhlt,f itvltub vorhbdbc sfyf[vfl 
I>Br>Cl>F^ [jkj vt-2 lf vt-3 vbvfhsekt,t,bc itcf’kt,-
kj,f gbhbmbs - F>Cl>Br>I& fmtlfy ufvjvlbyfht^  mkjh-
ofhvjt,ekt,bcfsdbc itcf’kt,tkbf ahfuvtynfwbbc ufy-
[jhwbtkt,f cfvbdt vbvfhsekt,bs& fvltyfl^ ,hjvvtsfybc 
vfc-cgtmnhib ~yf[&59` itbybiyt,f yfvc[dhtdb bjybc gbrt,b^ 
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hjvkt,bw vbbqt,f C-Br ,vbc α-uf[ktxbs& byntycbehb gbrb 
m/z 15 ittcf,fvt,f vtsbkbc ~CH3` rfnbjyc^ [jkj cecnb 
byntycbehj,bc m/z 79 lf m/z 81 gbrt,b rb-  ,hjvbc 
rfnbjyt,c ~Br79 lf Br81 itcf,fvbcfl`& 

2-mkjhghjgfybc vfc-cgtmnhpt ~yf[& 54` ‘bhbsflb 
gbrb ~byntycbehj,f 100%` m/z 43 ittcf,fvt,f vtjhtekb 
ghjgbkbc rfh,rfnbjyc^ hjvtkbw vbbqt,f C-Cl ,vbc 

α-uf[ktxbs% 
 

H3C
CH

CH3

Cl

Cl + H2C
CH2

CH3

CH3 +
H3C

HC Cl
H3C

HC Cl

α−uf[ktxf

β−uf[ktxf

m/z 63 (Cl35) m/z 65 (Cl37)  
 
hjujhw ptvjs b.j fqybiyekb^ 2-mkjhghjgfybc 

vfc-cgtmnhb vjktrekehb bjybc M+ gbrsfy thsfl itbwfdc 
M+2 gbrcfw^ hfw ufygbhj,t,ekbf mkjhbc bpjnjgbc 
fhct,j,bs& mkjhbc bpjnjgb itbybiyt,f fuhtsdt vbc 
yfvc[dhtd bjyt,ibw& vfufkbfl^ m/z 63 gbrsfy thsfl m/z 65 
gbrbc fhct,j,f ufygbhj,t,ekbf ahfuvtynib mkjhbc 
fnjvbc fhct,j,bs& fv gbrt,bc itlfht,bcfc .ehflqt,f eylf 
vbtmwtc vfs byntycbehj,t,cfw& gbhdtkb gbrb vtjhtpt^ M+ 
lf M+2 gbrt,bc fyfkjubehfl^ cfv]th eahj byntycbehbf& 

 
 
 

7&2& CGBHNT<B 

 
gbhdtkflb lf vtjhtekb cgbhnt,bc vjktrekehb 

bjybc gbrbc byntycbehj,f .jdtksdbc vwbhtf^ [jkj vtcf-
vtekb cgbhnt,bcf - cfthsjl fh itbybiyt,f& cgbhnt,bcf-

sdbc vjktrekehb bjybc α-uf[ktxf fh itbybiyt,f^ hflufy 
C-O ,vf ,tdhfl eahj vnrbwtf^ dblht C-Hal ,vf&  
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cgbhnt,bc vfc-cgtmnht,b .jdtksdbc itbwfdty M-18 
gbrc^ hjvtkbw vbbqt,f o.kbc vjktrekbc vj[ktxbs& 

fvfcsfyfdt^ vfc-cgtmnht,pt dkbylt,f C-C ,vbc α-uf[ktxbs 
vbqt,ekb bjyt,bc gbrt,b&  

xfvyfwdkt,kt,bc vj[ktxf lf C-C ,vbc ltcnhemwbf 
eahj fldbkfl itbybiyt,f vtjhtek lf vtcfvtek cgbh-
nt,ib&  

ufydb[bkjs vtcfvtekb cgbhnbc 2-vtsbk-2-,enf-
yjkbc vfc-cgtmnhb ~yf[& 57`& vjktrekehb bjybc itcf,fvbcb 
gbrb m/z 88 cgtmnhpt fh xfyc& itbybiyt,f v[jkjl gbrt,b 

m/z 73-pt lf m/z 59-pt^ hjvkt,bw ittcf,fvt,bfy α-
uf[ktxbs vbqt,ek cnf,bkeh M-CH3 lf M-C2H5 bjyt,c& 

cgtmnhpt itbybiyt,f fuhtsdt m/z 70 gbrb^ hjvtkbw 
ittcf,fvt,f vjktrekehb bjyblfy o.kbc vjktrekbc 
vj[ktxbs vbqt,ek bjyc& 

 

CH3

CH3

CH3

OH

CH3 CH2
CH3 CH3

O

CH3 CH3

OH

m/z 59

CH3 CH3
CH3

O

CH3
CH3

OH

m/z 73
 

 
m/z 55 ‘kbthb byntycbehj,bc gbrbc ofhvjmvyf 

ufygbhj,t,ekbf m/z 70 bjybc ltahfuvtynfwbbs^ hjvkbc 
lhjcfw vbbqt,f vtpjvthekb tatmnbs cnf,bkbpt,ekb 
xfyfwdkt,ekb fkbkbc rfnbjyb& 
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7&3& VFHNBDB TSTHT<B 

vfhnbdb tstht,bc vfc-cgtmnht,ib vjktrekehb 
bjybc byntycbehj,f evybidytkjf& vjktrekehb bjybc C-O 

,vbc α-uf[ktxbs vbbqt,f fkrbkehb ahfuvtynt,bc yfrkt,-
byntycbehb gbrt,b^ hjvkt,bw itvlujvib bikt,bfy 
fkrfyt,bc vcufdcfl lf b’ktdbfy ‘bhbsflfl m/z 29 ~C2H5

+`^ 
m/z 43 ~Pr+`^ lf m/z 57 ~Bu+` rfnbjyt,c& 

R1 O
R2

M+

R1   +   R2O

R2
+ + R1O

 

yf[& 57& 2-vtsbk-2-,enfyjkbc vfc-cgtmnhb
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.dtkfpt byntycbehb gbrt,b itbybiyt,f β-uf[ktxbc 
lhjc lf fvfdt lhjc hflbrfkbc cf[bs eahj fldbkfl 
b[kbxt,f itlfht,bs lblb vjwekj,bc xfvyfwdkt,tkb& 

 

7&4& FVBYT<B 

fvbyt,bc vjktrekehb bjyt,b fh ufybwlbfy α-uf[-
ktxfc^ dbyfblfy C-N ,vf cfrvfj cbvnrbwbs ufvjbhxtdf& 
fvbyt,bcfsdbc eahj lfvf[fcbfst,tkbf vjktrekehb bjybc 

β-lfikf& vtjhtekb lf vtcfvtekb fvbyt,bcfsdbc lfvf[f-
cbfst,tkbf lblb pjvbc xfvyfwdkt,kt,bc vj[ktxf& 

 
 
 

7&5& RFH<JYBKEHB YFTHST<B 

rfh,jybkehb ]ueabc ~C=O` itvwdtkb yfthst-
,bcfsdbc lfvf[fcbfst,tkbf itvltub vbvfhsekt,bc ahfu-
vtynfwbt,b% 

1& C-X  ,vbc α-uf[ktxf& 

R C

X

O
R C

+

O

R C

O
+ R

X

R C

O

-CO

X

 

2& C-C ,vbc α-uf[ktxf 

R C
X

O X C
O

+

X C
O

R

R

+

 



121 

 
3& t&o& vfr-kfahtnbc uflf]ueat,f& 
 

HR

H
H

H

H H

O

X

R

CH2

O H

HH

H

 
 
 

FKLT/BLT<B 

 
fklt/blt,bc vfc-cgtmnht,ib dkbylt,f yfvc[dhtdb 

bjyt,bc gbrt,b^ hjvkt,bw yfthst,bc α-uf[ktxbs vbbqt,f& 
fctsb gbrt,bf M-1 ~1f vbvfhsekt,f`^ CHO+ (m/z 29, 2f 
vbvfhsekt,f`^ M-CHO ~2, vbvfhsekt,f`& se fklt/blb 
vjbwfdc js[ fy vtn yf[ibh,flfnjvc^ vfiby vfc-cgtmnht,ib 
itbybiyt,f vfr-kfahtnbc uflf]ueat,bs vbqt,ekb bjybc 
byntycbehb gbrb&  

 

RTNJYT<B 

rtnjyt,bc vfc-cgtmnht,ib^ vfufkbsfl CH3COC2H5^ 
itbybiyt,f R1CO+

  lf R2CO+ yfvc[dhtdb bjyt,bc byntycbehb 
gbrt,b (m/z 43 (R=CH3), 57 (R=C2H5) lf f&i& - 1f lf 2f 
vbvfhsekt,t,b`& rtnjyt,b fctdt  ufybwlbfy 1, lf 2, 
vbvfhsekt,bs ltahfuvtynfwbfc^ hjvkbc lhjcfw 
ofhvjbmvyt,f R1

+ lf R2
+  bjyt,b& rtnjyt,bcfsdbc fklt/b-

lt,bc vcufdcfl fhbc lfvf[fcbfst,tkb kfahtnbc uflf]-
ueat,f^ hjvkbc itltuflfw vfc-cgtmnhpt ofhvjbmvyt,f m/z 
58, 72, 86 lf f& i& gbrt,b& 

3-vtsbk-2-gtynfyjybc vfc-cgtmnht,pt ~yf[& 58` 
dkbylt,f vjktrekehb bjybc gbrb m/z 100. vbcb C-C ,vbc 
uf[ktxbs ofhvjbmvyt,f yfvc[dhtdb bjyt,b m/z 85 
(C4H9CO+), 43 (CH3CO+ ~1f lf 2f vbvfhsekt,f`^ m/z 57 
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(C4H9
+,  1, lf 2, vbvfhsekt,f`& gbrb m/z 72 ittcf,fvt,f 

kfahtnbc uflf]ueat,bs vbqt,ek bjyc& 
 

100

80

60

40

20

20         40        60        80       100       120     140      160       180

m/z

%

 

 

7&6& RFH<JYV:FDT<B 

 
rfh,jyv;fdt,bc vfc-cgtmnht,ib nbgeh ahfuvtynt,c 

ofhvjflutyty bjyt,b^ hjvkt,bw vbbqt,f –OH lf –COOH 
]ueat,bcf lf o.kbc vj[ktxbs& ths-thsb fctsb bjybf 
RCO+ ~gbrb M-17, 1f vbvfhsekt,f`& o.kbc vj[ktxbs 
vbqt,ekb bjyb dkbylt,f m/z M-18-pt^ [jkj rfh,jmcbkbc 
]ueabc vjwbkt,bc itvltu vbqt,ekb rfnbjyb rb - m/z 
M-45-pt ~1u vbvfhsekt,f`& uh’tkb yf[ibh,fljdfyb 
xjyx[bc vmjyt rfh,jyv;fdt,bc vfc-cgtmnht,ib flubkb fmdc 
+(CH2)nCOOH bjyt,bc ufvjdkbyt,fc (m/z 45 n=0-sdbc^ 59 
n=1-sdbc^ 73 n=2-sdbc^ 87 n=3-sdbc lf f&i&` vfr-kfahtnbc 
uflf]ueat,bs vbbqt,f bjyb^ hjvkbcsdbcfw m/z 
vybidytkj,f 60-bc njkbf (X=OH). 

yf[& 58& 3-vtsbk-2-gtynfyjybc vfc-cgtmnhb 
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“BHBSFLB NTHVBYT<B 

 

fpjnbc otcb&  vjktrekeh bjyc ittcf,fvt,f o.dbkb 
fnjvehb hbw[db^ se yfthsib fpjnbc fnjvt,bc 
o.dbkb hfjltyj,ff lf gbhbmbs^ fpjnbc fnjvt,bc 
rtynb hfjltyj,bc itvs[dtdfib vjktrekehb 
bjybc vfcehb hbw[db rtynbf& 

fyucnhtvb ~Å`& cbuh’bc ‘fkbfy gfnfhf thstekbf& bub 
njkbf 10-8 cv fye 10-10 v& cf[tkb tojlf idtlb 
abpbrjcbc f& fyucnhtvbc ~1814-1874` cfgfnbdcf-
wtvjl& 

fybpjnhjgekb tatmnb& tktmnhjyt,bc wbhrekfwbf bodtdc 
vfuybnehb dtkbc bylewbht,fc^ hjvtkbw vjwtvek 
othnbkib brhb,t,f fy frklt,f vjlt,ek 
vfuybneh dtkc H0& se vjwtvek ghjnjypt 
bylewbht,ekb dtkbc tatmnb ~cblblt lf 
vbvfhsekt,f` ofhvjflutyc fv ghjnjybc 
jhbtynfwbbc aeymwbfc bylewbht,ekb dtkbc 
vbvfhs^ vfiby bub ufyb[bkt,f fybpjnhjgekfl& 
nthvbyb #fybpjnhjgekb@ ybiyfdc #cbdhwbs 
fcbvtnhbekc@ fy #vbvfhsekt,bs ufyc[dfdt,ekc@& 

fybpjmhjyekb ,bhsdt,b& ,bhsdt,b^ hjvkt,bw vfuybnjfhf-
trdbdfktyneht,b fhbfy mbvbehb ofyfwdkt,bc 
sdfkcfphbcbs^ fye fmds c[dflfc[df mbvbehb 
ofyfwdkt,f& lbfcnthtjnjgehb ghjnjyt,b fybpj-
mhjyekt,bf& 

,th-,euth-kfv,thnbc rfyjyb& cby]pt lfwtvekb cbyfskbc 
c[bdbc byntycbehj,bcf ~+0` lf cby]blfy ufvjcekb 
c[bdbc byntycbehj,bc ~+` hfjltyj,bsb afhlj,f& 
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cb
I )lg( 0=ε  

cflfw c fhbc ybdsbtht,bc vjkehb rjywty-
nhfwbf [cyfhib^ 

b- [cyfhib cbyfskbc c[bdbc jgnbrehb upf 
cfynbvtnht,ib ~rbedtnbc cbufyt` 

ε- tmcnbymwbbc vjkehb rjtabwbtynb& bub 
itb’kt,f ufy[bkekb b.jc hjujhw cb-cf 
lf lg(I0/I)-bc ghjgjhwbekj,bc rjtabwb-
tynb& isfysmvbc vjkehb rjtabwbtynbc 
cblblt lfvjrblt,ekbf ybdsbtht,bc 
udfhj,fpt lf fh fhbc lfvjrblt,ekb 
[cyfhbc rjywtynhfwbfpt& 
,th-,euth-kfv,thnbc rfyjyb itb’kt,f 

xfvj.fkb,ltc itvltuyfbhfl% D=εcb, cflfw D fhbc 
[cyfhbc isfysmvf fye jgnbrehb cbvrdhbdt& 
cbv,jkj D-c yfwdkfl [ibhfl b[vfht,f cbv,jkj 
A& 

tvbcbf& tktmnhjvfuybnehb nfkqbc ufvjc[bdt,f& 

tmcnbymwbbc vjkehb rjtabwbtynb& b[& isfysmvbc vjkehb 
rjtabwbtynb& 

#sbst,bc fyf,tzlt,bc e,fyb@& bo cgtmnhbc .dtkfpt hsekb 
lf fvltyfl^ .dtkfpt vf[fcbfst,tkb e,fyb& fv e,ybc 
cgtmnhb bylbdblefkehbf .dtkf yfthsbcfsdbc& 

vfmcbvfkehb gbrb& .dtkfpt byntycbehb gbrb vfc-cgtmnhib& 
vfc pju]th #’bhbsfl gbrcfw@ eojlt,ty& 

vjktrekehb bjyb& bjyb^ hjvtkbw vbbqt,f vjktrekblfy 
thsb tktmnhjybc xfvjwbkt,bs tktmnhjyekb 
yfrflbc lf]f[t,bcfc& vjktrekehb bjyb ofhvj-
flutyc rfnbjy-hflbrfkc& se vfc-cgtmnhpt vjwt-
vekbf vjktrekehb bjybc gbrb^ vfc m/z-c .dtkfpt 
lblb vybidytkj,f fmdc ~se v[tldtkj,fib fh 
vbdbqt,s bpjnjgehb tatmnbs ufvjodtek gbrt,c`& 
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vbrhjnfkqt,b&  ufvjc[bdt,f^ hjvkbc nfkqbc cbuh’tw 
vjsfdct,ekbf 1 vv-lfy 50 cv-vlt& vbrhjnfkqehb 
ufvjc[bdt,f ufvjb.tyt,f hflbjcbuyfkt,bc uflfwt-
vfib ~hflbjkjrfwbf`^ cfvpfhtekj qevtkcf ~vbr-
hjnfkqehb qevtkt,b` lf htynutyjcnhemne-
hek mbvbfib& 

vjyjmhjvfnjhb& vjo.j,bkj,f^ hjvkbc cfiefkt,bsfw 
gjkbmhjvfnekb c[bdb ~vfu& lqbc c[bdb` uflflbc 
vjyjmhjvfnekib& 

jhvfub htpjyfycb& H1-,vh cgtmnhjvtnhbbc ths-thsb 
vtsjlbrf^ hjvtkbw ufvjb.tyt,f cgby-cgbyehb 
uf[ktxbc ufvfhnbdt,bcfsdbc fye fvwbht,c cgby-
cgbyehb ehsbthsmvtlt,bs ufvjodtek veknb-
gktnj,fc& veknbgktnj,bc itvwbht,f itcf’-
kt,tkbf^ se cby]c lfdfc[bdt,s bctsb hflbj-
cb[ibhbs^ hjvtkbw ittcf,fvt,f cgby-cgbyeh 
ehsbthsmvtlt,fib vjyfobkt ths-thsb fnjvbc 
htpjyfycek cb[ibhtc& veknbgktnehj,bc 
cb[ibhtc bodtdc bcbw^ hjv fv ghjnjybc cbuyfkb 
mht,f^ hjvtkbw ufybwlbc #lfvfnt,bs lfc[bdt,fc@& 

 

cfo.bcb gbrb& bubdtf^ hfw vjktrekehb bjyb& 

cb[ibht& nfkqt,bc hbw[dbf^ hjvtkbw ths hfbvt othnbkc 
uflbc lhjbc ufycfpqdhek vjyfrdtsib& 

nfkqbc cbuh’t& vfy’bkb jh vtpj,tk mbvc ~vfmcbvevbc 
othnbkt,c` ijhbc& sevwf eylf fqbybiyjc^ hjv 
nfkqbc cbuh’bc ufpjvdf itcf’kt,tkbf ths 
cbvfqktpt vlt,fht yt,bcvbth jh othnbkc ijhbc& 
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nfkqbc cbuh't

 

nfkqbc cbuh’t fqbybiyt,f ,th’yekb fcjsb λ& bub 
bpjvt,f cbuh’bc cfpjvb thstekt,bs^ sevwf 
cgtmnhfkeh fyfkbpib ‘bhbsflfl ufvjb.tyt,f 
fyucnhtvb ~Å`^ cv^ yfyjvtnhb ~yv`^ vbrhjvtnhb 
~vrv`& 

mhjvjajhb& aeymwbehb ]ueat,b^ hjvtkcfw f[fcbfst,c 
isfysmvf eb lf [bkek e,yt,ib& 

isfysmvbc vjkehb rjtabwbytnb& vbcb cblblt ghjgjh-
wbekbf ufycfpqdhekb uflfcdkt,bc fk,fsj,bcf& 
lblb fk,fsj,bc uflfcdkt,bcfsdbc rjtabwbtynbc 
cblbltw lblbf ~~105`^ [jkj vwbht fk,fsj,bc 
uflfcdkt,bcfsdbc rb – gfnfhf cblblt ~~100-103`& 
isfysmvbc vjkehb rjtabwbtynb itb’kt,f ufy[b-
kek bmyfc fuhtsdt^ hjujhw ghjgjhwbekj,bc 
rjtabwbtynb cby]bc vbth isfysmvekb ufvjc-
[bdt,bcf lf cby]bc hfjltyj,fc ijhbc& fctdt b[&& 
,th-,euth-kfv,thnbc rfyjyb& 

‘bhbsflb h[tdf& h[tdf^ hjvtkbw ittcf,fvt,f tktmnhjybc 
‘bhbsfl uflfcdkfc fye vjktrekbc fqupyt,fc 
thsb tythutnbrekb ljyblfy vtjht^ eahj vfqfkb 
tythubbc vmjyt tythutnbrek ljytpt& .dtkfpt 
eahj vybidytkjdfybf ‘bhbsflb h[tdt,b^ hjvkt-
,bw ittcf,fvt,f ‘bhbsflb vlujvfhtj,blfy gbhdtk 
fqupyt,ek vlujvfhtj,fpt uflfcdkfc& 

 ‘bhbsflb gbrb& bubdtf^ hfw vfmcbvfkehb gbrb& 
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/jvjnhjgehb ]ueat,b& trdbdfktynehb ]ueat,b& 

γ-c[bdt,b& vfqfkb cb[ibhbc tktmnhjvfuybnehb ufvjc-
[bdt,f ~fye vfqfkb tythubbc tktmnhjvfuybnehb 
ufvjc[bdt,f`& 
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LFYFHSB A 

w[hbkb 12& eb cgtmnhjvtnhbfib ufvj.tyt,ekb 

jgnbrehfl ceasf ufv[cytkt,bc #cfpqeh,kj othnbkt,b@
*
 

ufv[cytkb nfkqbc cbuh’t^ yv 

2^2^2-nhbasjhtsfyjkb 190-400 
o.fkb 190-400 
fwtnjybnhbkb 195-400 
wbrkj/tmcfyb 200-400 
y-/tgnfyb 200-400 
ltrf/blhjyfasfkbyb 205-400 
y-/tmcfyb 205-400 
y-gtynfyb 205-400 
,enfyjk-1 205-400 
tsfyjkb 205-400 
tsfyjkb ~95%` 205-400 
ukbwthbyb 205-400 
vtsfyjkb 205-400 
vtsbkwbrkj/tmcfyb 205-400 
2^2^4-nhbvtsbkgtynfyb 210-400 
wbrkjgtynfyb 210-400 
lb-y-,enbktsthb 210-400 
H2SO4 (96%) 210-400 
ghjgfyjk-2 215-400 
lbtsbktsthb 220-400 
1^4-lbjmcfyb 220-400 
ntnhf/blhjaehfyb 230-400 
1^2-lbmkjhtsfyb 230-400 
lbmkjhvtsfyb 245-400 

                                                 
* eb e,fyib #cfpqeh,kj othnbkb@ ittcf,fvt,f bv nfkqbc cbuh’tc^ 

hjvkbc lhjcfw isfysmvf 1 cv cbufybc rbedtnfib ef[kjdlt,f 1^0-c^ se 
cnfylfhnek ybdsbtht,fl fqt,ekbf o.fkb& cfpqeh,kj othnbkbc mdtvjs 
ufv[cytkbc ufvj.tyt,f fh itb’kt,f& cfpqeh,kj othnbkbc vlt,fhtj,f 
‘kbthff lfvjrblt,ekb ufv[cytkbc cbceasfdtpt& w[hbkib vjwtvekb 
othnbkt,b ittcf,fvt,f #cgtmnhfkehfl ceasf@ rdfkbabrfwbfc& 



w[hbkb 12-bc ufu’tkt,f 
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ufv[cytkb nfkqbc cbuh’t^ yv 

mkjhjajhvb 255-400 
tsbkfwtnfnb 255-400 
,enbkfwtnfnb 260-400 
ntnhfmkjhvtsfyb 260-400 
vtsbkajhvbfnb 265-400 
1-vtsbkgbhjkbljy-2 270-400 
lbvtsbkcekajmcblb 280-400 
N,N-lbvtsbkajhvfvblb 285-400 
,typjkb 290-400 
njkejkb 300-400 
ntnhfmkjhtsbktyb 330-400 
,typjybnhbkb 330-400 
gbhblbyb 330-400 
fwtnjyb 360-400 
,hjvjajhvb 360-400 
CS2 360-400 
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LFYFHSB B 
bo cgtmnhjvtnhbfib ufvj.tyt,ekb #cgtmnhfkehfl ceasf@ jhufyekb ufv[cytkt,bc 

ufvzdbhdfkj,f 5000-625 cv-1 ~2-16 vrv` lbfgfpjyib∗ 

ufv[cytkb 5000 2500 1666 1000 833&3 714&5 625&51250

CS 2

fwtnjyb

fwtnjybnhbkb

,hjvjajhvb

,enbkfwtnfnb

dfptkbybc ptsb

ntnhfmkjhvtsfyb

mkjhjajhvb

/tmcfmkjh,enflbtyb

 
 

                                                 
∗ vfhres[tlt,bs fqybiyekbf ufv[cytkt,bc ufvj.tyt,bc lbfgfpjyb& vemb athbc vfhs[es[tlb ittcf,fvt,f 80-100% 

 ufvzdbhdfkj,fc^ [jkj ufeathflt,tkb vfhs[es[tlb rb- 60-80% ufvzdbhdfkj,fc& 
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LFYFHSB C 
w[hbkb 13& aeymwbehb ]ueat,bc ‘bhbsflb isfysmvbc pjkt,b 

]ueab 
isfysmvbc  

pjkb^ 
cv-1 

byntycbehj,f vbcflfut,f 

fkrfyt,b 

2960 ‘ νasCH3 
2870 cfi νsCH3 
1460 cfi δasCH3 

-CH3 

1380 ‘ δsCH3 
1925 ‘ νasCH2 
2850 ‘ νsCH2 
1470 cfi CH2 vfrhfntkbct,ehb 

-CH2- 

725-720 ‘ (CH2)n mfymfhbct,ehb 

2890 cecnb νCH 
C H

� 1340 cecnb δCH 
1170 ‘ xjyx[bc H3C

CH
H3C  1145  xjyx[bc 



 

  
  w[hbkb 13-bc ufuh’tkt,f 
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]ueab 
isfysmvbc  

pjkb^ 
cv-1 

byntycbehj,f vbcflfut,f 

1255 ‘ xjyx[bc 
H3C C

CH3

CH3

 
1210   

1215 ‘ xjyx[bc CH3
C
CH3  1195 ‘ xjyx[bc 

C C
CH2

 
1020-1005 cfi δasCH2 

C C
NH

 
3000 cfi δCH 

C-H ,vbc pjubthsb ltajhvfwbekb h[tdf 1400 cv-1 e,fyib 

O-CO-CH3 1380-1365   

-CO-CH3 1360-1355   

1440-1435  δasCH3 -COOCH3 1365-1356  δsCH3 

-CH2-CO- 1440-1400   

w[hbkb 13-bc ufuh’tkt,f 
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]ueab 
isfysmvbc  

pjkb^ 
cv-1 

byntycbehj,f vbcflfut,f 

-CH2-C=C- 
-CH2-C≡C- 

 
1445-1430 ‘  

fkrtyt,b 

3080 cfi νasCH2 =CH2 2975 cfi νsCH2 
=CH- 3020 cfi νCH2 

1860-1800 cfi δ CH ~j,thnjyb` 

1645 cfi νC=C 
1420 cfi δ CH 
1300 cfi-cecnb δ CH 
990 ‘ δ CH ~fhf,hn.tkb` 

R-CH=CH2 

 
nthvbyfkehb 

dbybkb 

910 ‘ δ CH ~fhf,hn.tkb`

1800-1750 cfi δ CH ~j,thnjyb` 

1655 cfi νC=C 
R

C
R

CH2
 

nthvbyfkehb 1415 cfi δ CH 



 

  
  w[hbkb 13-bc ufuh’tkt,f 
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]ueab 
isfysmvbc  

pjkb^ 
cv-1 

byntycbehj,f vbcflfut,f 

 890 ‘ δ CH ~fhf,hn.tkb` 

1660 cfi νC=C 
1415 cfi δ CH C C

H

R

H

R1

 
~wbc` 730-675 cfi δ CH~fhf,hn.tkb` 

1675 cecnb νC=C 
C C

R

H

H

R1

 
~nhfyc` 

965 ‘ δ CH 

1675 cecnb νC=C 
C C

R2

R

H

R1

 965 ‘ δ CH 

C C
R2

R

R3

R1

 
 

1670 cecnb νC=C 

iteqkt,ekb jhvfub ,vt,b 

1650  νC=C lbtyt,b 
1600  νC=C 

w[hbkb 13-bc ufuh’tkt,f 
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]ueab 
isfysmvbc  

pjkb^ 
cv-1 

byntycbehj,f vbcflfut,f 

1650  νC=C 
1600  νC=C nhbtyt,b 

960  δCH 
1650-1580  νC=C 

gjkbtyt,b 
990-970  δCH ~se fhct,j,c 

nhfyc jhvfub ,vf` 

fhjvfnekb yfthst,b 

~3030 cfi νCar-H 
1600 (1580) cfi-cecnb νCAr=CAr 
2000-1660 cecnb δCH~j,thnjyb`  

 
 1500 (1450) cfi-cecnb νCAr=C 

1275-1175  νCar-H ~,hn.tkb` 

1175-1125  νCar-H~,hn.tkb` 

 1070-1000 ~jhb`  νCar-H~,hn.tkb` 



 

  
  w[hbkb 13-bc ufuh’tkt,f 
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]ueab 
isfysmvbc  

pjkb^ 
cv-1 

byntycbehj,f vbcflfut,f 

1175-1125  νCar-H~,hn.tkb` 
1110-1070  νCar-H~,hn.tkb` 

 

1070-1000  νCar-H~,hn.tkb` 

 
770-730  δCH 

 
770-735  δCH 

 
810-750  δCH 

 

860-800  δCH 

w[hbkb 13-bc ufuh’tkt,f 
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]ueab 
isfysmvbc  

pjkb^ 
cv-1 

byntycbehj,f vbcflfut,f 

 

900-860  δCH 

X≡Y, X=Y=Z ]ueat,b 

2140-2100  ν≡C -C≡C- 
nthvbyfkehb 700-600  δ≡C 

-C≡C- 
wtynhfkehb 

2260-2190   

_C≡N 2260-2210  ν≡C 
-N≡N]+ 2260±20  ν≡C 

3100-2090  ν≡C 
2070-2060  ν≡C -CO-CH2-N≡N 

lbfpjrtnjyb 
1645  νC=O 
1950   C=C=C 

fktyb 850  δCH 
-N=C=O 

bpjwbfyfnb
2275-2250 ‘fkbfy 

‘kbthb  



 

  
  w[hbkb 13-bc ufuh’tkt,f 
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]ueab 
isfysmvbc  

pjkb^ 
cv-1 

byntycbehj,f vbcflfut,f 

 1350   
2140 ‘fkbfy 

‘kbthb  Alk-N=C=N-Alk 
rfh,jlbbvblb 

 2115   
2145 ‘fkbfy 

‘kbthb  Ar-N=C=N-Ar 
rfh,jlbbvblb 2115   

Alk-S-C≡N 
sbjwbfyfnb 2140 ‘fkbfy 

‘kbthb  

Ar-S-C≡N 
sbjwbfyfnb 2175-2160 ‘fkbfy 

‘kbthb  

Alk-S=C=N 
bpjsbjwbfyfnb 2140-1990   

Ar-S=C=N 
bpjsbjwbfyfnb 2130-2040   

~2150   C=C=O 
rtntyb ~1120   
C=C=N 

rtntybvbyb ~2000   

w[hbkb 13-bc ufuh’tkt,f 
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]ueab 
isfysmvbc  

pjkb^ 
cv-1 

byntycbehj,f vbcflfut,f 

2349 ‘  
720 dbohj pjkb  O=C=O 
667 dbohj pjkb  

cgbhnt,b lf atyjkt,b 

3640-3610 dbohj pjkb νO-H -OH 
sfdbceafkb 1250 afhsj pjkb δO-H~,hn.tkb` 

3640 ‘ νO-H 
R C OH

 1050  νC-O 
3630 cfi νO-H 

R C
R

OH
 

 
 

1100  νC-O 

3620 cfi νO-H 
R C

R

R
OH

 
1150  νC-O 

Ar-OH 3610  νO-H 



 

  
  w[hbkb 13-bc ufuh’tkt,f 
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]ueab 
isfysmvbc  

pjkb^ 
cv-1 

byntycbehj,f vbcflfut,f 

 1200  νC-O 
3600-3500 ‘fkbfy dbohj νO-H R OH HO R  

lbvtht,b 1500-1300 afhsj pjkb δO-H ~,hn.tkb` 
    

vfhnbdb tstht,b 

C-O-C 1150-1070  νasC-O-C 
1275-1200  νas=C-O =C-O-C 1075-1020  νs=C-O 

Alk-OCH3 2830 cfi νsCH3 
Ar-OCH3 

 

 

2850 cfi νsCH3 

 3000, 2950, 2915 
nhbgktnb 

  

C-O-C-O-C 
rtnfkt,b^ fwtnfkt,b 

1200-1040 
rdfhntnb 

  

w[hbkb 13-bc ufuh’tkt,f 
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]ueab 
isfysmvbc  

pjkb^ 
cv-1 

byntycbehj,f vbcflfut,f 

3040 
n=3,4 

cfi  

3000 
n>4 

  

1250  νs 
950-810  νas 

O

[CH2]n

 

840-750   
Alk-C-O-O-C-Alk 

gthjmcblt,b 890-820 cecnb  

Ar-C-O-O-C-Ar 
gthjmcblt,b 1000 cecnb  

C
O O

C
O

 
1060-1040   

fvbyt,b^ fvjybevbc vfhbkt,b 

~3500 cecnb νas Alk-NH2 
Ar-NH2 ~3400 cecnb νs 



 

  
  w[hbkb 13-bc ufuh’tkt,f 
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]ueab 
isfysmvbc  

pjkb^ 
cv-1 

byntycbehj,f vbcflfut,f 

1640-1560 ‘kbthb-
cfiefkj δNH -NH2 

900-650 cfiefkj δNH ~fhf,hn.tkb` 

R N
H(R)

H(R)

 
1230-1030 cfi νC-N 

Ar N
H(R)

H(R)

 
1360-1250 ‘ νCAr-N 

 1280-1180 cfi νCAlk-N 
R-NH-R 3350-3310 cecnb νas ,νs 

-NH- 1580-1490 cecnb  
Ar-NH-Alk 3450 cfi νas ,νs 

~3000 afhsj νas NH3
+ 

~2500   
~2000 cfi  

1600-1575 ‘ νas NH3
+ 

-NH3
+ 

1500 ‘ νs NH3
+ 

w[hbkb 13-bc ufuh’tkt,f 
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]ueab 
isfysmvbc  

pjkb^ 
cv-1 

byntycbehj,f vbcflfut,f 

2700-2250 afhsj νas NH2
+, νs NH3

+ 
2000 cfi  -NH2

+ 
1600-1575 cfi δ NH3

+ 
-NH+ 2700-2250 afhsj  

N
 

fhf fmdc 
vf[fcfst,tkb 

isfysmvbc pjkb 
  

N
H

N
H  

3490   

C=N 3400-3300  νC=N 

H2C NH H  2500-2300 afhsj  
 2200-1800   
 ~1680 cfi νC=N+ 

rfh,jybkehb yfthst,b 

Alk-CO- 1715  νC=O 



 

  
  w[hbkb 13-bc ufuh’tkt,f 
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]ueab 
isfysmvbc  

pjkb^ 
cv-1 

byntycbehj,f vbcflfut,f 

Alk-CO-Alk 1100  δC=O 
Ar-CO-Ar 1300  δC=O 

1675  δC=O 
C
O

 1650-1600  δC=C 
Ar-CO- 1690   

C
O

C
O

C
O

 

1665   

C

O

R
 

1695   

w[hbkb 13-bc ufuh’tkt,f 
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]ueab 
isfysmvbc  

pjkb^ 
cv-1 

byntycbehj,f vbcflfut,f 

O

 

1705   

O

 

1715   

O

 

1745   

O

 
1780   

CH2
C
O

Hal

1780+(0-25)   



 

  
  w[hbkb 13-bc ufuh’tkt,f 
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]ueab 
isfysmvbc  

pjkb^ 
cv-1 

byntycbehj,f vbcflfut,f 

C
C
O

O

C
C
O

HO

 

1720 
 
 
 

1675 

 νC=O 

2820, 2720  νC-H 
1725  νC=O C

O

H  1400-1000  δC=O 

C
O

H  
1685   

C
O

H

 
1685   

Ar-CHO 
 1700   

w[hbkb 13-bc ufuh’tkt,f 
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]ueab 
isfysmvbc  

pjkb^ 
cv-1 

byntycbehj,f vbcflfut,f 

v;fdt,b 
3000-2500   

1760~vjyjvthb` 
1710~lbvthb` 

‘ νC=O 

1420  δO-H 
-COOH 

1300-1200  δO-H 
COOH  

Ar-COOH 
1720~vjyjvthb 
1690~lbvthb` 

  

1610-1550  νasC-O -COO- 

 

 1400  νsC-O 

hsekb tstht,b 

1735  νC=O 
R C

O

O R1 
1300-1050 
jhb gbrb 

 νasC-O-C 
νsC-O-C 



 

  
  w[hbkb 13-bc ufuh’tkt,f 
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]ueab 
isfysmvbc  

pjkb^ 
cv-1 

byntycbehj,f vbcflfut,f 

1720  νsC-O 
1300-1250 ‘fkbfy 

‘kbthb νasC-O-C C
O

O  1200-1050 ‘ νsC-O-C 
1720  νC=O 

1300-1250 ‘fkbfy 
‘kbthb νasC-O-C Ar-CO-O- 

1200-1050 ‘ νsC-O-C 
1760  νC=O 

O
C
O

 1690-1650 ‘ νC=C 
Ar-CO-O-Ar 1735  νC=O 

O
O

 
1735  νC=O 

O
O

 
1720  νC=O 

w[hbkb 13-bc ufuh’tkt,f 
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]ueab 
isfysmvbc  

pjkb^ 
cv-1 

byntycbehj,f vbcflfut,f 

O
O

 
1760  νC=O 

O
O

 
1740-1720  νC=O 

O
O

 
1770  νC=O 

O
O

 
1750  νC=O 

fy/blhblt,b lf gthjmcblt,b 

1770  νC=O -CO-O-CO- 1300-1050   
1815   Alk-CO-O-O-CO-Alk 1790   

Ar-CO-O-O-CO-Ar 1790   
 1770   
 
    



 

  
  w[hbkb 13-bc ufuh’tkt,f 
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]ueab 
isfysmvbc  

pjkb^ 
cv-1 

byntycbehj,f vbcflfut,f 

fvblt,b 

3500, 3400  νNH2 
1690  νC=O -CONH2 
1600  δC=O 
3440 
3300 
3070 

 δNH 

1680 
1655 

 νC=O 

1530 
1550 

 δNH 

1260 
1300 

 νC-N 

-CO-NHR 

   

C

O

N
 

1650  νC=O 

w[hbkb 13-bc ufuh’tkt,f 
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]ueab 
isfysmvbc  

pjkb^ 
cv-1 

byntycbehj,f vbcflfut,f 

NH
O

 
1670  νC=O 

N
O

R

 

1640  νC=O 

N
O

 

~1700  νC=O 

N

O  

1745  νC=O 

ybnhjyfthst,b 

1650-1500 ‘ νasNO -NO2 1370-1250 ‘ νsNO 
1650 ‘ νasNO 
1350 ‘ νsNO 

C-NO2 

870  νsC-N 



 

  
  w[hbkb 13-bc ufuh’tkt,f 
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]ueab 
isfysmvbc  

pjkb^ 
cv-1 

byntycbehj,f vbcflfut,f 

 610  δsC-N-O 
1640-1620  νNO O-NO2 870-855  νsC-N 
1630-1550  νNO N-NO2 1285-1270  νNO 

ybnhjpjyfthst,b 

C-N=O 1600-1500  νNO 

O-N=O 1680-1610 
le,ktnb 

 νN-O 

 815-750  νO-N 
 690-620  δO-N=O 
 625-565  δO-N=O 

N-N=O 1500-1430  νN=O 
3650-3500  νN=O 
1685-1650  νC=N C=N-OH 
960-930  νN-O 

N-jmcblb 960-950  νN-O 

w[hbkb 13-bc ufuh’tkt,f 
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]ueab 
isfysmvbc  

pjkb^ 
cv-1 

byntycbehj,f vbcflfut,f 

fkbafnehb 

 1300-1200 
fhjvfnekb 

 νN-O 

N=N→O 
fpjmcb 1310-1250  νN-O 

/tnthjwbrkehb yfthst,b 

3165-3125  νCH 
~1565 
~1500 

 νC=C 

1030-1015   
885-870   O  
800-740 

 
 

  

3125-3050  νCH 
~1520   
~1040   S  

750-690   



 

  
  w[hbkb 13-bc ufuh’tkt,f 
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]ueab 
isfysmvbc  

pjkb^ 
cv-1 

byntycbehj,f vbcflfut,f 

3490   
3125-3100   

N
H  

1600-1500 
~jhb` 

 
 
 
 

1740-1720   
1650-1620   

O
O

 1570-1540  νC=C 
1680-1650   
1650-1600       

1590-1560  νC=C 
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LFYFHSB D 

tktmnhjyekb isfysmvbc cgtmnht,b 
 

frhjktbyb 17 
fybkbyb 20 
,typjkb 19 
,typjkb  20 
1^3-,enflbtyb 17 
atyjkb 23 
asjh,typjkb  20  

bo isfysmvbc cgtmnht,b 
 
fybkbyb  45 
,typjkt,b 36 
,typjkb 38 
,typjv;fdf 43 
2-,enfyjyb 41 
1^2-lbvtsbk,typjkb 38 
3^3-lbtsbk-1-gtynfyjkb 47 
lbatybkfvbyb 45 
tsfyfkb& 41 
j-rhtpjkb ~yfkqj,b` 49 
gbhblbyb 46 
5-atybk-1-gtynbyb 35 
wbrkj/tmcfyb 33 
/tmcfyb 33 

 
 

H1 -,vh cgtmnht,b 
 
,typjkb 61 
aehfyb 62 

 

 

wbrkjjmnfntnhftyb 62 
tsbkbjlblb 69 
1-ybnhjghjgfyb 76 
3-bjlghjgfyv;fdf 84 
1-vtsjmcb-1-,enty-3-byb 85 
,typbkbc cgbhnb 88 
tsfyjkb  89  
2-ghjgfyjkb 89 
vtsbkghjghjgfyjk-2 89 
,enfyfkb 90 
fwtnjatyjyb 91 
tsbk,typjkb 91 
ghjgfyv;fdf 92 
.byek’vfhv;fdf 93 
fwtmnbkmkjhblb 93 
tsbkfybkbyb 94 
atybk,typbkfvbyb 95 
2-vtcfvtekb-,enbkatyjkb 95 
bpj,enfyjkb 97 
,typbkbc cgbhnb 98 
atybkfwtnbktyb 98 
 
 

vfc -cgtmnht,b 
 

,typjkb 103 
,hjvvtsfyb 105 
2-mkjhghjgfyb 107 
y-ltrfyb 112 
2-vtsbkghjgfyb 113 
2-vtsbk-2-,enfyjkb 119 
3-vtsbk-2-gtynfyjyb 122 
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# 
π→π* uflfcdkt,b^ 15 

σ-tktmnhjyt,b^ 11 

n→π* uflfcdkt,b^ 17 

f 
frhjktbyb^ 17 
fklt/blt,b^ 39^ 121 
fkrfyt,b^ 13 
fkrfyt,b^ 31^ 111 
fkrbk,typjkt,b^ 109 
fkrtyt,b^ 32^ 113 
fkrbyt,b^ 34^ 84 
fpj,typjkb^ 21 
#fpjnbc@ otcb^ 103 
fvbyt,b^ 44^ 120 
1-fvbyj-9^10-fyshfmbyjyb^ 21 
fvbyjyfthst,b^ 23 
fyucnhtvb^ 7 
fybpjkb^ 97 
fybkbyb^ 20^ 45^ 46 
fhtyt,b^ 35 
fhjvfnekb yfthst,b^ 18^ 114 
fcbvtnhbekb dfktynehb h[tdt,b^ 

26 
fmcbfkeh vfuybnehb dtkb^ 59 
fwtnfy/blhblb^ 92 
fwtnbkmkjhblb^ 92^ 93 
fwtnjatyjyb^ 91 

, 
,fnjmhjvekb^ 16 
,typbkbc cgbhnb^ 97^ 98 
,typjkb^ 20^ 38 
#,typjkehb@ isfysmvbc pjkb^ 19 
,bhsdek vfuybnehb htpjyfycekb 

cgtmnhjvtnhbf^ 50 
,vbc ‘fkehb rjycnfynf^ 30 
,hjvvtsfyb^ 105 
1^3-,enflbtyb^ 15 
 

u 
ufvjcekb c[bdbc byntycbehj,f^ 10 
uf[ktxbc [fcbfsb^ 76 
uht[dbsb^ 26 

l 
ltptrhfybht,f^ 57^ 58 
ltrfyb^ 111 
ltajhvfwbekb^ 25^ 26^ 27^ 32 
ltahfuvtynfwbf^ 111 
lbfcnthtjnjgehb ,bhsdt,b^ 68 
lbvtsbkcekajmcblb^ 87 
lbatybkb^ 21 
1^1-lbmkjhtsfyb^ 66 
le,ktnb^ 76 
 

t 
tsfyb^ 13 
tsfyjkb^ 89^ 107 
tstyb^ 15 
tsbk,typjkb^ 91 
tsbkbjlblb^ 69 
tktmnhjyjfmwtgnjhekb^ 19^ 20^ 

24 
tktmnhjyjljyjhekb^ 19^ 20^ 24 
tktmnhjyekb uflfcdkt,b^ 12 

d 
dfktynehb^ 11^ 25^ 27^ 30^ 31^ 35^ 

36^ 39^ 40^ 42^ 43^ 44^ 45^ 46^ 48^ 
90 

dfreevehb rfvtht,b^ 14 

s 
sfdbceakt,bc [fhbc[b^ 28 
@sbst,bc fyf,tzlt,bc@ e,fyb^ 27 

FY<FYEHB CF”BT<TKB 
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b 
bpjnjgehb cf[tc[dfj,b^ 104 
byahfobstkb cgtmnhjvtnhbf^ 25 
byntycbehj,f^ 28 
bjybpfwbf^ 24^ 99 
bjybpfwbbc gbhdtkb gjntywbfkb^ 

99 

r 
rfh,jv;fdt,b^ 122 
rfh,jybkehb yfthst,b^ 120 
rfhjnbyb^ 16 
rdfhntnb^ 70^ 76 
rtnjyt,b^ 39^ 121 
revekbht,ekb gjkbtyt,b^ 27 

k 
kfahtnbc uflf]ueat,f^ 121^ 122 
kfv,thn-,euth-,thbc rfyjyb^ 10 
kbrjgbyb^ 16 
 

v 
vfuybneh-fhftrdbdfktyneht,b^ 68 
vfuybnehb fhftmdbdfktynehj,f^ 

68 
vfuybnehb trdbdfktynehj,f^ 82 
vfuybnehb dtkbc lf’f,ekj,f^ 57 
vfrhfntkbce,ehb^ 26 
vfhfjct,ehb^ 26 
vfhnbdb tstht,b^ 119 
vfc cgtmnhjcrjgbf^ 99 
vtsfyb^ 13 
2-vtsbkgtynfyb^ 112 
3-vtsbk-2-gtynfyjyb^ 121^ 122 
vtsbk/blhfpbyb^ 107 
1-vtsjmcb-1-,enty-3-byb^ 85 
vbrhjyb^ 7 
vbrhjvtnhb^ 7 
vbkbvbrhjyb^ 7 
vbkbjyj,bs obkt,b^ 57^ 73 
vbcflfut,f^ 28 
vjktrekehb bjyb^ 99^ 102^ 103^ 

104^ 106^ 108^ 109^ 111^ 112^ 113^ 
114^ 115^ 117^ 118^ 119^ 120^ 121 

veknbgktnehj,f^ 70 
vjktrekeh bjyc^ 99^ 102 

vjktrekehb bjyb^ 99^ 106^ 111 

y 
yfyjvtnhb^ 7  
j-ybnhjfybkbyb^ 21 
 

j 
j,thnjyt,b^ 29^ 36^ 37 

g 
gkfyrbc ufynjkt,f^ 52 
g-ybnhj-N^N -lbvtsbkfybkbyb^ 

21 

h 
htpjyfycekb cb[ibhtt,b^ 56^ 57 
htpeknfnehb tatmnb^ 59 
hsekb tstht,b^ 43 
h[tdbsb cgtmnht,b^ 25 

c 
cbdhwbsb lf’f,ekj,f^ 28 
cbvtnhbekb^ 26^ 42^ 44 
cb[ibht^ 5^ 6^ 7^ 29^ 30^ 39^ 52^ 54^ 

57 
cbyuktnb^ 20 
cgbhnt,b^ 46^ 117 
cgby-cgbyehb uf[ktxf^ 70 
cgby-cgbyehb ehsbthsmvtlt,f^ 69 
cgby-cgbyehb ehsbthsmvtlt,bc 

rjycnfynf^ 73 
cgby-cgbyehb ehsbthsmvtlt,bc 

xf[ij,f^ 78 

n 
nfkqbc cbuh’t^ 5^ 6^ 7^ 10^ 13 
nfkqehb stjhbf^ 5 
nfkqehb hbw[db^ 7^ 26 
ntnhfvtsbkcbkfyb^ 56 
nhbgktnb^ 70^ 76 
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e 
eknhfbbcathb^ 3^ 9 
e]thb yfthst,b^ 14 

a 
5-atybk-1-gtynbyb^ 35 
atybkfwtnbktyb^ 97^ 98 
atyjkb^ 22 
atyjkt,b^ 46 
athvbc htpjyfycb^ 29^ 30 
ahfuvtynfwbf^ 100^ 111^ 112^ 114^ 

115 

m 
mfymfhbct,ehb^ 26 
mbvbehb ofyfwdkt,f^ 57^ 59^ 64^ 65^ 

66^ 79^ 81^ 82^ 83^ 94 
mhjvjajhb^ 15 
mkjhfy/blhblt,b^ 42 
1-mkjh-1-asjh-ghjgfyb^ 68 

. 
.byek’vfhv;fdf^ 93 

i 
isfysmvf^ 8 
isfysmvbc vjkfkehb 

rjtabwbtynb^ 10 

w 
wbrkjfkrfyt,b^ 13 
wbrkjghjgfyb^ 13^ 31 

wbrkj/tmcfyb^ 32 
wbrkehb lf’f,ekj,f^ 40 

o 
o.fk,flb^ 10^ 32^ 44^ 51^ 94^ 96 

z 
zbfyzdtkv;fdf^ 107 

[ 
[bkekb^ 6^ 9^ 10 

] 
]ueaehb h[tdt,b^ 31 

/ 
/fkjutyofhvjt,ekt,b^ 116 
1^3^5-/tmcfnhbtyb^ 15 
/bhcjmhjvbf^ 23 
/bgcjmhjvekb ofyfwdkt,f^ 16 
/bgthmhjvbf^ 19 
/erbc rfyjyb^ 30 
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CFHXTDB 
obyfcbn.dfj,f 3 
itcfdfkb 5 
1& tktmnhjvfuybnehb ufvjc[bdt,f 5 
2& isfysmvf 8 
tktmnhjyekb cgtmnhjvtnhbf 9 
itcfdfkb 9 
1& yf]thb yfthst,b 13 
2& e]thb yfthst,b 14 
3& fhjvfnekb yfthst,b 18 
byahfobstkb cgtmnhjvtnhbf 25 
itcfdfkb 25 
1& byntycbehj,f 28 
2& vbcflfut,f 28 
3& ‘bhbsflb dfktynehb cb[ibhbc ufvjsdkf 30 
4& ]ueaehb h[tdt,b 31 
5& fkrfyt,b lf wbrkjfkrfyt,b 31 
6& fkrtyt,b 32 
7& fkrbyt,b 34 
8& fhtyt,b 35 
9& fklt/blt,b lf rtnjyt,b 39 
10& rfh,jyv;fdt,b lf vfsb ofhvjt,ekt,b 42 
11& fvbyt,b 44 
12& cgbhnt,b lf atyjkt,b 46 
,bhsdek-vfuybnehb htpjyfycekb cgtmnhjvtnhbf 49 
,bhsdek-vfuybnehb htpjyfycekb cgtmnhjvtnhbf 50 
itcfdfkb 50 
1& mbvbehb ofyfwdkt,f 55 
2& afhlj,bsb mbvbehb ofyfwdkt,f 55 
3& mbvbeh ofyfwdkt,fpt vjmvtlb afmnjht,b 58 
4& trhfybht,bc tvgbhbekb rjycnfynt,b 64 
5& ,vh-cgtmnhjvtnhbf lf cnthtjmbvbf 65 
6& cgby-cgbyehb ehsbthsmvtlt,f 69 
7& cgby-cgbyehb ehsbthsmvtlt,bc rjycnfynf 73 
8& uf[ktxbc [fcbfsb 76 
9& cgby-cgbyehb ehsbthsmvtlt,bc xf[ij,f 78 
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10& vfuybnehb trdbdfktynj,f cgby-cgbyehb 
ehsbthsmvtlt,bc sdfkcfphbcbs 79 
11& vfuybnehb trdbdfktynehj,f lf vfsb fqybidyf 82 
12& jhufyekb yfthst,bc h1-,vh cgtmnhjvtnhbf 84 
12&1& fkrbyt,b 84 
12&2& cgbhnt,b 86 
12&3& fklt/blt,b lf rtnjyt,b 90 
12&4& rfh,jyv;fdt,b 91 
12&5& fvbyt,b 94 
12&6& atyjkt,b 95 
13& H1-,vh cgtmnht,bc bynthghtnfwbf 96 
vfc cgtmnhjvtnhbf 99 
itcfdfkb 99 
1& vjktrekehb vfcbcf lf ,henj ajhvekbc 
lflutyf 102 
2& jhufyekb yfthsbc cnhemnehbc lflutyf 108 
3& ahfuvtynfwbbc ‘bhbsflb otct,b 108 
4& fkrfyt,b 111 
5& fkrtyt,b 113 
6& fhjvfnekb yfthst,b 114 
7& yf[ibho.fk,flt,bc aeymwbehb ofhvjt,ekt,b  
R-X (X=Hal, OH, NH2) 115 
7&1& /fkjutyofhvjt,ekt,b 116 
7&2& cgbhnt,b 117 
7&3& vfhnbdb tstht,b 119 
7&4& fvbyt,b 120 
7&5& rfh,jybkehb yfthst,b 120 

fklt/blt,b 121 
rtnjyt,b 121 

7&6& rfh,jyv;fdt,b 122 
‘bhbsflb nthvbyt,b 123 
lfyfhsb A 128 
lfyfhsb B 130 
lfyfhsb C 131 
lfyfhsb D 155 
cfhxtdb 160 

 

 

 
 
 
 
 
 

 
 
 
 
 
 

 

 

 

htlfmnjhb  
rjhtmnjhb 
rjvgbenthekb epheydtk.jaf t& tkbp,fhfidbkbc 
 
uflftwf ofhvjt,fc 00& 00& 2000 o&^  
[tkvjothbkbf lfcf,tzlfl 00& 00& 2000 o&^ 

mfqfklbc pjvf 60×84 1$16^ yf,tzlb sf,f[b 0000 
cffqhbw[dj-cfufvjvwtvkj sf,f[b 0000 

nbhf;b 100 tup&  
itrdtsf = 000 

ufvjvwtvkj,f #ntmybrehb eybdthcbntnb@^ 
s,bkbcb^ v& rjcnfdfc 77 

cne-c cnfv,f^ s,bkbcb^ v& rjcnfdfc 75 


