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1& GHJUHFVT<BC RKFCBABRFWBF 
 

 
lqtbcfsdbc mbvbbcf lf  mbvbehb ntmyjkjubbcfsdbc 

efvhfdb rjvgbenthekb ghjuhfvff itmvybkb& vfs itmv-
yfpt veifj,ty hjujhw v’kfdhb rjvgfybt,b lf rjhgjhf-
wbt,b^ bct wfkrtekb cfvtwybthj ]ueat,b& wyj,bkb 
rjhgjhfwbt,blfy fqcfybiyfdbf Advenced Chemistry 
Development Inc., CambridgeSoft Inc., HyperCube Inc., 
MDL Information System Inc lf c[df&  

itmvybkb ghjuhfvekb gfrtnt,bcf lf wfkrtekb 
ghjuhfvt,bc rkfcbabrfwbf itcf’kt,tkbf  vjdf[lbyjs 
c[dflfc[df ghbywbgbc vb[tldbs& lfybiyekt,bc vb[tldbs 
fhxtdty itvltu ghjuhfvt,c% 

1. cfbyajhvfwbj lf cfbkecnhfwbj ghjuhfvt,b^ 
hjvtksf lfybiyekt,ff .jdtkudfhb uffyufhbit-
,t,bc ufhtit ofhvjfxbyjy ufhrdtekb byajhvf-
wbf& vfufkbsfl tktmnhjyekb mbvbeh tktvtynsf 
gthbjlekb cbcntvf ~Table, TableRus, EniG Table`^ 
mbvbehb htfmwbt,bc cf[tkj,bsb rfnfkjub 
~Named Organic Reactions`^ mbvbehb lf abpbrehb 
rjycnfynt,bc vybidytkj,t,b ~Constants` lf c[df&  

2. uhfabrekb ghjuhfvt,b^ hjvtksf cfiefkt,bsfw 
itcf’kt,tkbf mbvbehb ajhvekt,bc^ vjktre-
kt,bc^ mbvbehb htfmwbbc cbcntvt,bcf lf ntmyj-
kjubehb cmtvt,bc uhfabrekb htlfmnbht,f& 
sfdbc v[hbd uhfabrekb ghjuhfvt,b itb’kt,f lf-
b.jc jhufypjvbkt,bfy ~2D-uhfabrf` lf cfvufypj-
vbkt,bfy ~3D-uhfabrf` uhfabrek ghjuhfvt,fl& 
gbhdtkbc cfiefkt,bs itcf’kt,tkbf #,hn.tkb@ 
cnhemneht,bc^ [jkj vtjhbc - cbdhwekb vjkt-
rekt,bc fut,f& 2D uhfabrekb ghjuhfvt,bf 
ChemSketch, ChemDraw, ISIS Draw, 
WinChemDraw, ChemWindow, Chemistry 4-Draw 
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lf c[df^ [jkj 3D ghjuhfvt,bf - Chem3D, 
3D View, HyperChem lf c[df& 

3. ghjuhfvt,b vfhnbdb uffyufhbit,bcfsdbc^ hj-
vtksf cfiefkt,bsfw ofhvjt,c vfhnbdb mbvbehb 
ghjwtct,bcf lf cblbltt,bc ~vjktrekehb vfcf^ 
leqbkbc ntvgthfnehf^ ufhlfnt[bc vfxdtyt,tkb 
lf c[df abpbreh-mbvbehb gfhfvtnht,b` uffyuf-
hbit,f& fctsb cf[bc ghjuhfvt,b efvhfdbf& pju]th 
thsb lf bubdt fvjwfybc uflfzhbcfsdbc fhct,j,c 
vhfdfkb c[dflfc[df lfcf[tkt,bc ~c[dflfc[df 
fdnjhbc vbth itmvybkb` ghjuhfvf& fqybiyekb 
nbgbc ghjuhfvt,bf ChemAssistant, ChemExpert, 
ChemMaths lf c[df& fmdt itb’kt,f wfkrt lbl 
]ueafl ufvjb.jc cgtmnht,bc lfveifdt,bcf 
~SpecViewer` lf uhfabrt,bc fut,bc ~DATAN, 
Enzfilter, GraFit, PeakFit, SigmaPlot, TableCurve` 
ghjuhfvt,b& 

4. mbvbehb vjltkbht,bc ghjuhfvt,b^ hjvtksf cf-
iefkt,bsfw ofhvjt,c mbvbehb cbcntvt,bc 
vjltkbht,f% utjvtnhbekb jgnbvbpfwbf^ vjkt-
rekehb vtmfybrf^ rdfyneh-mbvbehb vjltkbht,f& 
fqybiyekb uffyufhbit,t,bc xfnfht,f itcf’kt,t-
kbf vfufkbsfl Chem3D lf HyperChem ghjuhf-
vt,bs& 

5. mbvbehb fybvfwbehb ghjuhfvt,b^ hjvtksf cfief-
kt,bsfw [jhwbtklt,f mbvbehb ghjwtct,bc fyb-
vfwbf^ hfw  mbvbehb htfmwbt,bcf lf vfsb vtmfybp-
vt,bc sdfkcfxbyjl ofhvjxtyfc tvcf[eht,f& fv nb-
gbc ghjuhfvt,blfy itb’kt,f fqdybiyjs ghjuhfvf 
MoluCad lf Chem3D. 

6. mbvbehb ghjuhfvf - ,hjeptht,b^ hjvtksf cfief-
kt,bsfw ofhvjt,c hjujhw ukj,fkeh^ bct 
kjrfkeh mctkib mbvbehb byajhvfwbbc vj’bt,f& 
fqybiyekb ghjuhfvt,bc cfiefkt,bs ,tdhfl 
vfhnbdlt,f byajhvfwbbc vbqt,f vcjakbj 
mbvbehb vjyfwtvsf ,fyrt,blfy& vfufkbsfl wyj,b-
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kb ,tkintbybc cfbyajhvfwbj cfvcf[ehblfy by-
ajhvfwbbc vbqt,f ite’kt,tkbf ghjuhfvf-
,hjepthbc Belstein Commander-bc ufvj.tyt,bc uf-
htit& fv nbgbc ghjuhfvt,blfy fqcfybiyfdbf 
ChemOffice-bc gfrtnib itvfdfkb ghjuhfvt,b 
ChemFinfer lf ChemFinfer for Office. 

7. mbvbehb vjyfwtvsf ,fpt,bc ghjuhfvt,b^ 
hjvtkybw ufyresdybkyb fhbfy mbvbeh vjyfwtvsf 
,fpt,sfy veifj,bcfsdbc& mbvbeh vjyfwtvsf ,fpt,-
ib pjufl vjyfwtvsf ,fpt,bcfufy ufyc[dfdt,bs jh-
ufybpt,ekbf mbvbehb cnheneht,bc xfothbc 
itcf’kt,kj,fw&  
vjyfwtvsf  ,fpt,sfy vjveifdt ghjuhfvt,b itb’-
kt,f lfb.jc jh nbgfl& gbhdtkb cf[bc ghjuhf-
vt,bc - fye rfnfkjut,bc  lfybiyekt,ff vpf vjyf-
wtvsf ,fpt,blfy byajhvfwbbc vj’bt,f lf ofhvj-
xbyt,f& fqybiyekb vjyfwtvsf ,fpt,b lf[ehekbf^ 
fye vfsib hfbvt f[fkb byajhvfwbbc xfothf-
lfvfnt,f ite’kt,tkbf& lqtbcfsdbc itmvybkbf 
vhfdfkb fctsb rfnfkjub% 
 mbvbehb vjyfwtvsf ,fpf ~Chemical Database` 

- bub vjbwfdc fhfjhufyek lf jhufyek yf-
thssf ‘bhbsfl abpbreh-mbvbeh rjycnfy-
nt,c* 

 cfvrehyfkj cfiefkt,t,bc vjyfwtvsf ,fpf 
~Prescription Drug Database` - vjbwfdc ofv-
kt,bc lfcf[tkt,fc^ ‘bhbsflb cfvrehyfkj 
ghtgfhfnbc lfcf[tkt,fc^ itlutybkj,fc^ cfv-
htodtkj lfcf[tkt,bc cbyjybvt,c^ lfybiye-
kt,fc^ lf f&i&* 

 njmcbrjkjubehb vjyfwtvsf ,fpf ~Human 
and Animal Developmental Toxicology, 
Amphibian Developmental Toxicology, 
Inductrial Solvent Developmental Toxicology` 
- vjbwfdc yfthst,bc njmcbrjkjubeh gfhf-
vtnht,c* 
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 bo^ 1H-,vh^ vfc-cgtmnht,bc vjyfwtvsf ,fpt,b 
~Aldrich FT-IR Library, Aldrich vapor-phase 
FT-IR Library, NIST/EPA/MSDC Mass 
Spectral Database lf c[df` - vjbwfdc fsb-
fsfcj,bs yfthsbc cgtmnhfkeh vjyfwtvt,c* 

 htmwbt,bcf lf mbvbehb cbyjybvt,bc vjyfwtvsf 
,fpf ~Chemical Thesaurus` - vjbwfdc yfth-
st,bc lfcf[tktk,bc cbyjybvt,c^ mbvbehb 
htfmwbbc nbgt,c^ yfthst,bc abpbreh-mbvbeh 
sdbct,t,cf lf vbqt,bc vtsjlt,c& 

vtjht nbgbc vjyfwtvsf ,fpt,sfy vjveifdt 
ghjuhfvt,c fh uffxybfs cfresfhb vjyfwtvsf vpf 
,fpt,b& vfsb lfybiyekt,ff sfdfl epheydtk.jy 
vjv[vfht,kbc cehdbkbc vb[tldbs mbvbehb vj-
yfwtvsf ,fpt,bc itmvyf lf fofhvjjy ‘bt,f hjujhw 
ntmcneh^ bct cnhemnehek ht;bvib& fqybiyekb 
cf[bc ghjuhfvt,blfy fqcfybiyfdbf ChemFinder 
~gfrtnb ChemOffice` lf MolSearch Database 
Software& vfsb cfiefkt,bs itcf’kt,tkbf 10 vky-
pt vtnb xfyfothbc vmjyt mbvbehb ,fpbc itlutyf^ 
hjvtkbw itb’kt,f itbwfdltc mbvbeh cnhem-
nehfc ~vbcb fut,f ofhvjt,c eiefkjl vjyfwtvsf 
,fpbc ghjuhfvbs^ dbyfblfy bub vjbwfdc xfityt,ek 
ajhvekt,bc vbrhjhtlfmnjhc`^ vjktrekeh 
vfcfc^ lfcf[tkt,fc lf c[d&  

 
mbvbehb ghjuhfvt,bc rkfcbabrfwbf itb’kt,f  

lfdfae’yjs vfsb vjmvtlt,bc ghbywbgpt& fv v[hbd fhxtdty  
rjvgktmceh lf cgtwbabreh ghjuhfvt,c& rjvgktmcehb 
ghjuhfvt,b vjbwfdty ptvjs fqybiyekb rkfcbabrfwbbc 
hfvjltybvt geymnc thslhjekfl^ fye vfsb cfiefkt,bs 
itcf’kt,tkbf hjujhw uhfabrfib veifj,f^ bct 
uffyufhbit,t,bc itchekt,f& fvbnjv fhbc^ hjv thsb lf 
bubdt ghjuhfvf rkfcbabrfwbbc hfvjltybvt geymnib 
vtjhlt,f& cgtwbabrehb ghjuhfvt,b ufwbkt,bs vwbht 
pjvbc ghjuhfvt,bf ~rjvgktmcehb ghjuhfvt,bcfufy 
ufyc[dfdt,bs`^ hjvtksf lfybiyekt,ff v[jkjl thsb 
hfbvt rjyrhtnekb cf[bc lfdfkt,bc itchekt,f& 
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vfufkbsfl^ rjywtynhfwbbc^ vjktrekehb vfcbc^  v;fdbf-
yj,bc lf f&i&  uffyufhbit,f&  

ghjuhfvt,bc rkfcbabrfwbf  itb’kt,f vjdf[lbyjs 
mbvbehb cathjib ufvj.tyt,bc sdfkcfphbcbs - fye ghju-
hfvt,b^ hjvkt,bw b[vfht,f jhufyek^ fhfjhufyek^ 
abpbreh^ fyfkbpeh lf f&i& mbvbfib& fmdt eylf fqbybiyjc 
kf,jhfnjhbc vtyt]vtynbcf ~STIS-Sample Tracking and 
Inventory System, IMCSPro-Instrument Maintence & 
Calibration System Pro, Laboratory Document Control 
System, LabTrack - kf,jhfnjhbekb tktmnhjyekb 
,kjryjnb` lf ufhtvjc lfwdbc rjynhjkbc ~Control Chart 
Pro, Control Chart Pro Plus Datalink` ghjuhfvt,b& 

vbe[tlfdfl ghjuhfvt,bc fctsb cbvhfdkbcf^ fh 
fhct,j,c eybdthcfkehb ghjuhfvf^ hjvtkbw mbvbrjcbc 
obyfit lfcvek .dtkf nbgbc fvjwfyfc uflfzhblf& fctsb 
eybdthcfkehb ghjuhfvbc itmvyf vstk hbu cbhsekt-
t,sfyff lfrfdibht,ekb& vfsufy gbhdtk hbuib fqcfybi-
yfdbf fctsb ghjuhfvt,bc lblb abpbrehb pjvf lf rjvgbe-
nthekb ntmybrbcflvb ufphlbkb vjs[jdybkt,fyb^ hfw 
fvwbht,c ghfmnbrekb ufvj.tyt,bc tatmnehj,fc& fvfcsf-
yfdt ghjuhfvbc vjmvtlt,bc cbxmfht vrdtshfl vwbhlt,f^ 
fhflf bctsb hsekb mbvbehb uffyufhbit,t,bcfsdbc^ hj-
ujhbwff mdfyneh-mbvbehb uffyufhbit,t,b^ lhj evybi-
dytkjdfytcb afmnjhbf& fv ghj,ktvbc uflfcfzhtkfl 
hfvjltybvt ofv.dfyvf rjhgjhfwbfv ~ACD Labs, 
CambridgSoft` itbveifdf vtnfl tatmnehb vblujvf& 
rth’jl^ thsb eybdthcfkehb ghjuhfvbc itmvybc yfwdkfl 
bcbyb fofhvjt,ty ghjuhfvek gfrtnc^ hjvtkibw itlbc 
wfkrtekb ghjuhfvt,b^ hjvkt,bw veifj,ty hjujhw 
fdnjyjvbeh^ bct rjvgktmceh ht;bvib - fye itcf’kt,t-
kbf thsb ghjuhfvblfy byajhvfwbbc vtjht ghjuhfvfib 
uflfnfyf& vfufkbsfl^ CambridgSoft-bc vbth itmvybkb mb-
vbehb ghjuhfvt,bc gfrtnb ChemOffice vjbwfdc [es lf-
vjerblt,tk^ vfuhfv thsvfytssfy flfgnbht,ek ghju-
hfvfc% ChemDraw, Chem3Dm, ChemFinder, ChemInfo, 
Table Editor. vfufkbsfl^ ACD Labs-bc gfrtnb 
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ChemSketch rb hfvjltybvt fstek lfvjerblt,tk^ mbvbbc 
yt,bcvbthb cathjcfsdbc ufvjcf.tyt,tk ghjuhfvfc 
vjbwfdc& 

fqcfybiyfdbf^ hjv vbe[tlfdfl lblb ghjuhfvt,bc 
gjgekfhj,bcf^ pjubths itvs[dtdfib^ itlfht,bs vwbht 
pjvbc^ vfuhfv v[jkjl rjyrhtnekb fvjwfybc 
uflfo.dtnbcfsdbc itmvybkb ghjuhfvt,b ufvj.tyt,bc 
sdfkcfphbcbs eahj tatmneht,b fhbfy& 



9 

2& CFWYJ<FHJ GHJUHFVT<B 
 

2&1& MBVBEH TKTVTYNSF TKTMNHJYEKB 
GTHBJLEKB NF<EKT<B 
~ GHJUHFVF TableRus-3&40` 

ths-thsb .dtkfpt wyj,bkb lf gjgekfhekb 
cfwyj,fhj ghjuhfvf fhbc tktmnhjyekb gthbjlekb 
nf,ekf& vbc gjgekfhj,fpt vtn.dtkt,c bc afmnbw^ hjv 
vbcb hfvltybvt fctekb ghjuhfvekb uflfo.dtnf 
fhct,j,c& w[flbf^ .dtkf ghjuhfvbc cfthsj cf[tc 
ofhvjflutyc tktvtynt,bc ~vtyltkttdbc` gthbjlekb 
nf,ekf ~hjujhw uh’tkgthbjlt,bfyb bct vjrktgthbj-
lbfyb dfhbfynb`& tktmnhjyekb gthbjlekb nf,ekbc 
sfyfvtlhjdt dthcbt,b fqzehdbkbf lfvfnt,bsb aeym-
wbt,bsfw& rth’jl^ pjubths ghjuhfvfc lfhsekb fmdc 
mbvbehb rfkrekfnjhb^ hjvkbc cfiefkt,bsfw itcf’kt-
,tkbf vjktrekehb vfcbc fyufhbib^ mbvbehb htfmwbbc 
cntmbjvtnhbekb rjtabwbtynt,bc lflutyf^  fuhtsdt it-
cf’kt,tkbf tktvtynbc itcf[t, lfvfnt,bsb byajhvfwbbc 
fdnjvfnehb vj’bt,f bynthytnib ~se rjvgbenthb 
xfhsekbf ukj,fkeh mctkib` lf c[df& 

tktmnhjyekb gthbjlekb nf,ekbc ghjuhfvt,bc 
lfcf[tkt,t,bf% Table, TableRus ~ghjuhfvbc hecektyj-
dfyb dfhbfynb`, TableEniG lf c[df&  

xdtyc vbth ufy[bkekb bmyt,f ghjuhfvf TableRus, 
hjvtkbw vhfdfkaeymwbehb ghjuhfvff& ufhlf fvbcf^ vbc 
lflt,bs v[fhtpt vtn.dtkt,c vbcb rjvgfmnehj,fw& 
cfbynfkfwbj afbkb brfdt,c 1.04 MB-c& lqtbcfsdbc uf-
vjidt,ekbf  3&40-t dthcbf^ hjvtkbw cohfafl ufybwlbc 
ufyf[kt,fc& 
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 ghjuhfvbc TableRus-bc bynthatbcb vjwtvekbf 
yf[& 1-pt& bub vjbwfdc jgthfwbekb cbcntvbc Windows 
mdti vjveifdt ghjuhfvt,bc cnfylfhnek bycnhevty-
nt,c - cfnbnekj [fpc^ vbybvbpfwbf-vfmcbvbpfwbbcf lf 
lf[ehdbc qbkfrt,c^ vtybec pjkc& 

 

ghjuhfvbc cfveifj cbdhwtc ofhvjflutyc vjrkt-
gthbjlbfyb gthbjlekb nf,ekf& tktvtynt,bc ajyb lf 
cbv,jkjt,b itchekt,ekbf c[dflfc[df athbs& tkt-
vtynt,bc cbv,jkjt,bc athbc vb[tldbs itcf’kt,tkbf 
ufdfhxbjs% 

• vemb vodfyt - nent vtnfkb 

• .fdbcathb - nent-vbof vtnfkb 

• obstkb - vtnfkb 

• ifdb - ufhlfvfdfkb vtnfkb 

• wbcathb - bidbfsvbofsf vtnfkb 

• keh]b - fhfvtnfkb 

• yfhby]bcathb - /fkjutyb 

yf[& 1& ghjuhfvf TableRus-3.40-bc bynthatbcb 
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• bfcfvybcathb - rtsbkij,bkb fbhb 
 

gthbjlekb nf,ekbc sbsjtekb uhfaf vjbwfdc 
cnfylfhnek cblbltt,c% tktvtynbc cbv,jkjc^ hbuj,hbd 
yjvthcf lf fnjveh vfcfc ~yf[& 2`& 

 
 
gthbjlek nf,ekfpt fnjvehb vfcbc yfwdkfl 

itcf’kt,tkbf ufvjnfybkb bmyfc c[df  cf[bc byajhvfwbf& 
vbcb ufvj’f[t,f [lt,f vtybelfy Отображать ~ufvjcf[df`& 
vjv[vfh,tkbc obyfit lufc cfrvfjl lblb fhxtdfyb 
itfhxbjc itvltub cf[bc vjyfwtvt,b% tktvtynbc lfcf-
[tkt,f^ fnjvehb vfcf^ tktmnhjufvnfhj,f^ tktvtynbc 
fqvjxtybc otkb^ ptufvnfhvlujvfhtj,fib uflfcdkbc^ 
ntvgthfnehf^ bjybpfwbbc vtjht lf vtcfvt cfat[ehbc 
gjntywbfkt,b^ tktmnhjefh.jabsj,f^ rjdfktynehb lf 
fnjvehb hflbecb^ fnjvehb vjwekj,f^ lfikbcf lf jh-
smkflmwtdbc  cbs,j^ rhbcnfkehb vtcthbc cnhemnehf^ 
reshb s,jntdflj,f^ lf;fyuekj,bc [fhbc[b^ leqbkbcf 
lf kqj,bc ntvgthfnehf^  cbvrdhbdt lf c[df vf[fcbf-
st,kt,b& 

ghjuhfvbc bynthatbcb itb’kt,f ofhvjluby-
ltc ufvfhnbdt,ekb lf aeymwbjyfkehb cf[bs& ghju-
hfvbc ufvfhnbdt,ekb cf[bc ufvj’f[t,f itb’kt,f ,h’f-
yt,bs Упрошненый ~ufvfhnbdt,ekb` vtybelfy Вид 
~cf[t`^ [jkj aeymwbjyfkehbcf rb ,h’fyt,bs Функцио-
нальный ~aeymwbjyfkehb`& erfyfcrytkb ht;bvbc lhjc 
itcf’kt,tkbf cnbkt,bc wdkbkt,f^ hjvkbc itltuflfw 
bwdkt,f bctsb gfhfvtnht,b^ hjujhbwff tktvtynt,bc 
ufvjcf[dbc athb^ tktvtynt,bc uhfabc ajybc athb^ sdbs 
gthbjlekb nf,ekbc ajyb lf c[df vhfdfkb&  

yf[& 2&  tktmnhjyekb gthbjlekb nf,ekbc ths-thsb uhfaf 

hbuj,hbdb yjvthb
tktvtynb

fnjvehb vfcf
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fvf se bv tktvtynbc itcf[t, itlfht,bs chekb 
byajhvfwbbc vbqt,f itcf’kt,tkbf itcf,fvbcb tktvtynbc 
uhfafpt sfueyfc vfhw[tyf qbkfrbc jh]thflb lforf-
geyt,bs*& 

wfkrtekb tktvtynbc itcf[t, lfvfnt,bsb byajh-
vfwbf vbbqt,f f[fkb lbfkjubc afy]fhbc cfiefkt,bs^ 
hjvtkcfw idblb uflfcfhsfdb fmdc& gbhdtkb uflfcfhsfdb 
udbxdtyt,c tktvtynbc ‘bhbsfl gfhfvtnht,c ~yf[& 3`& bub 
fdnjvfnehfl ufvjyfslt,f trhfypt tktvtynpt 
lforfgeyt,bs& mbvbehb tktvtynbc ‘bhbsfl gfhfvtnht,c 

ofhvjflutyc bctsb abpbreh-mbvbehb cblbltt,b^ hjuj-
ht,bwff  

• tktvtynbc lfcf[tkt,f 

                                                 
* itybidyf& ufvfhnbdt,ekb ht;bvbc lhjc lfvfnt,bsb 

byajhvfwbf ufvjb’f[t,f th]thflb lforfgeyt,bs& 
 

yf[& 3& tktvtynbc itcf[t, ‘bhbsflb byajhvfwbbc lbfkjubc 
afy]fhf 
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• fnjvehb yjvthb 

• fnjvehb vfcf 

• tktmnhjefh.jabsj,f 

• leqbkbc ntvgthfnehf 

• kqj,bc ntvgthfnehf 

• s,jufvnfhj,f 

• cbvrdhbdt 

• lf;fyuekj,bc [fhbc[b 
itvltub uflfcfhsfdbs Общие ~cfthsj` itcf’-

kt,tkbf tktvtynbc itcf[t, pjuflb [fcbfsbc byajhvf-
wbbc vbqt,f^ hjujhbwff tktvtynbc fqvjvxtyb vtwybthbc 
cf[tkb^ fqvjxtybc otkb^ athb lf fuhtufnekb vlujvf-
htj,f^ jh,bnfkpt tktmnhjyt,bc ufykfut,f lf rhbcnf-
kehb vtcthbc utjvtnhbekb ajhvbc uhfabrekb ufvj-
cf[ekt,f ~yf[& 4`& 

yf[& 4& tktvtynbc itcf[t, pjuflb cf[bc  byajhvfwbbc lbfkjubc 
afy]fhf 
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tktvtynbc bjybpfwbbc gbhdtkb lf vtjht 
cfat[ehbc gjntywbfkbc^ rjdfktynehb lf fnjvehb 
hflbecbc^ lfikbcf lf jhsmkflmwtdbc cbs,jc vybi-
dytkj,t,bc yf[df itcf’kt,tkbf vtcfvt uflfcfhsfdbs 
Другие ~c[df`&  

uflfcfhsfdbs Изотопы ~bpjnjgt,b` itudb’kbf 
vbdbqjs byajhvfwbf ,eyt,fib tktvtynbc bpjnjgt,bc 
ufdhwtkt,bc^ vbcb vfcbc^ cgbybc^ bpjnjgt,bc yf[tdfh-
lfikbc gthbjlbcf lf lfikbc ajhvt,bc itcf[t,& 

uflfcfhsfdb Физические данные ~abpbrehb vj-
yfwtvt,b` rbltd eahj fvjvoehfd byajhvfwbfc b’ktdf 
sbsjtekb bpjnjgbc itcf[t,& rth’jl^ wfkrtekb 
bpjnjgbcfsdbc se hf cf[bc lfikbc sthvj,bhsdekb 
htfmwbt,bf itcf’kt,tkb&  

ptvjsxfvjsdkbkb byajhvfwbf se cfrvfhbcb fh 
fhbc vjv[vfht,kbcfsdbc^ ghjuhfvf TableRus cfiefkt-
,fc udf’ktdc rjvgbenthbc bynthytnib xfhsdbc itv-
s[dtdfib^ lfvfnt,bsb byajhvfwbf uflvjbndbhsjc bctsb 
wyj,bkb dt,-cfbst,blfy^ hjujhbwff WebElements 
Periodic Table (www.webelements.com/webelements/  ele-
ments/text/) lf Los Alamos National Laboratory’s CST 
Division Periodic Table (http://pearl1.lanl.gov/periodic/ ele-
mets). fqybiyek dt,-udthlt,sfy lfrfdibht,f itcf’-
kt,tkbf mbvbehb tktvtynbc byajhvfwbbc afy]hbc ,j-
kj uflfcfhsfdbs Интернет ~bynthytnb`& 

mbvbehb tktvtynbc byajhvfwbbc afy]hbc mdtlf 
[fpib ufysfdct,ekbf qbkfrt,b^ hjvtksf cfiefkt,bs 
itcf’kt,tkbf ufvjnfybkb byajhvfwbbc tmcgjhnbht,f 
~lbcrpt ityf[df ntmcnehb afbkbc cf[bs` lf lf,tzldf 
~yf[& 5`&  

 

yf[& 5& lbfkjubc afy]hbc lfvfnt,bsb vfhsdbc qbkfrt,b 
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ghjuhfvf TableRus cfiefkt,fc b’ktdf vtnfkt,b 
lfkfultc o.fk,flbc vbvfhs fmnbehj,bc vb[tldbs& 
fqybiyekb vorhbdbc trhfypt ufvjcfnfyfl cfzbhjf 
ufdffmnbehjs trhfybc ~yf[& 1` ptlf vfhw[tyf res[tib 
ufysfdct,ekb vtcfvt qbkfrb ~yf[& 6`& vbcb uffmnbeht,bc 
itvltu trhfypt ufvjdf f[fkb afy]fhf^ hjvtkptw vtnf-

kt,b ufykfyt,ekb bmyt,f vfhw[yblfy vfh]dybd fmnbe-

hj,bc itvwbht,bc vb[tldbs ~yf[& 7`& 
 
ghjuhfvf TableRus fqzehdbkbf rbltd thsb cfby-

nthtcj aeymwbbs& mbvbehb tktvtynt,bc abpbrehb gfhf-
vtnht,b% fnjvehb vfcf^  hbuj,hbdb yjvthb^ rjdfktyne-
hb hflbecb^ tktmnhjefh.jabsj,f^ leqbkbcf lf kqj-
,bc ntvgthfneht,b lf  c[df ptvjsxfvjsdkbkb cblblt-
t,b itcf’kt,tkbf ofhvjlutybkb bmyfc uhfabrekb cf[b-
sfw& gfhfvtnht,bc uhfabrekb cf[bs ofhvjxbyt,bcfsdbc 

yf[& 6& lfvfnt,bsb vvfhsdbc qbkfrt,b 

vtnfkt,bc fmnbehj,bc  vorhbdb 

uhfabrbc fut,f 

yf[& 7& vtnfkt,bc fmnbehj,bc vorhbdb o.fk,flbc vbvfhs 
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eylf ufdffmnbehjl uhfabrbc fut,bc qbkfrb ~yf[& 6`& 
vfcpt sfueyfc qbkfrbc ths]thflb lforfgeyt,bs 
trhfypt ufvjlbc lbfkjubc afy]fhf ~yf[& 8`^ hjvtkbw 
itbwfdc jh xfvjcfiktk yec[fc& gbhdtkb yec[f ittcf,f-
vt,f f,cwbcfsf^ [jkj vtjht – jhlbyfnsf qth’c&  

afy]hbc vfh]dtyf v[fhtc vjsfdct,ekb xfhxj Вид 
графика ~uhfabrbc cf[t` itbwfdc ctktmnjhc ~uflfcfh-
sfdc`^ hjvkbc cfiefkt,bsfw itb’kt,f itbhxtc uhfabrbc 
cf[t& se uffmnbeht,ekbf uflfcfhsfdb Сплошная ли-
ния ~eo.dtnb [fpb` uhfabrb ofhvjlutybkb bmyt,f obhbc 
cf[bs^ uflfcfhsfdbc Столбцы ~cdtnt,b` uffmnbeht,bc 
itvs[dtdfib uhfabrc tmyt,f yjvjuhfvbc cf[t^ [jkj se 
lfvjrblt,ekt,f udbylf ofhvjlutybkb b.jc 
othnbkt,bc cf[bs^ vfiby fewbkt,tkbf ctktmnjhbc 
Точки ~othnbkt,b` uffmnbeht,f& 

cfcehdtkb gfhfvtnht,bc ithxtdbc itvltu eylf 

uffmnbehltc qbkfrb Строить ~fut,f` ~yf[& 8`& vbcb uffm-
nbeht,bc itvltu trhfypt ufvjdf uhfabrbc fut,bc 
vjcfvpflt,tkb iefktlehb lbfkjubc afy]fhf^ 
hjvtkibw ithxtekb gfhfvtnht,b vjwtvekb bmyt,f 
w[hbkbc cf[bs& qbkfrbc Далее ~itvltu` uffmnbeht,bc 
itvltu fbut,f uhfabrb^ hjvtkptw htpeknfnb 
ofhvjlutybkb bmyt,f obhbc fy othnbkt,bc cf[bs&  

yf[& 8& mbvbehb tktvtynt,bc abpbrehb gfhfvtnht,bc  
ehsbthslfvjrblt,ekt,bc uhfabrbc fut,bc lbfkjubc afy]fhf 
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vfufkbsbc cf[bs fdfujs lfvjrblt,ekt,bc uhf-
abrb tktvtynt,bc hbuj,hbd yjvthcf lf leqbkbc ntv-
gthfnehfc ijhbc& sfueyfc vfhw[tyf qbkfrb lfdforf-
geyjs uhfabrbc fut,bc qbkfrpt ~yf[& 6`& uhfabrbc fut,bc 
lbfkjubc afy]fhfpt ~yf[& 8` X-qth’pt itdfhxbjs hb-
uj,hbdb yjvthb ~Порядковый номер`^ [jkj Y-qth’pt 
rb - leqbkbc ntvgthfnehf ~Температура кипения`& 
uhfabrbc cf[bc itcfhxtdb xfhxjlfy  Вид графика 
~uhfabrbc cf[t` sfueyfc qbkfrbc lforfgeyt,bs ufdffm-
nbehjs uflfcfhsfdb Сплошная линия ~eo.dtnb [fpb`& 
fqybiyekb ithxtdt,bc itvltu uflfdblts eiefkjl 
uhfabrbc fut,fpt& fvbcfsdbc lbfkjubc afy]fhfpt ufdfm-
nbehjs qbkfrb Строить ~fut,f`& vfcpt lforfgeyt,bc 
itvs[dtdfib ufvjdf afy]fhf w[hbkbs^ hjvkbc itcf,fvb-
cflfw fbut,f uhfabrb& ufdffmnbehjs qbkfrb Далее 
~itvltu`& w[hbkehb lfvjrblt,ekt,f ufhlfbmvyt,f uhf-
abrfl ~yf[& 9`& 

yf[& 9& tktvtnytnbc abpbrehb gfhfvtnht,bc ehsbthlfvjrblt-
,ekt,bc uhfabrb 
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2&2& GHJUHFVF Chemical Thesaurus  
ghjuhfvf Chemical Thesaurus ofhvjflutyc itlf-

ht,bs eahj byajhvfwbek ghjuhfvfc dblht TableRus. 
lqtbcfsdbc wyj,bkbf vbcb 3&1 dthcbf& vbcb cfbycnfkfwbj 
afbkbf ChemThes3-1_PC.exe& bub lbcrpt brfdt,c 21 MB 
vjwekj,fc lf ofhvjflutyc sdbsufyikfl fhmbdc&  

2&2&1& ghjuhfvbc bycnfkfwbf 
ghjuhfvbc bycnfkfwbf fh fhbc cnfylfhnekb& 

bub vjbs[jdc cfbycnfkfwbj afbkbc ufidt,fc^ hjvkbc 
itvltu flubkb fmdc itreviekb afbkbc ufikfc cgtwb-
fkeh rfnfkjuib& ufikbkb ghjuhfvbc vjwekj,f 180 
MB-c itflutyc& ufvidt,b ghjuhfvbc bfhkb.bc bycnfkb-
ht,f Start qbkfrib fdnjvfnehfl fh [lt,f^ hfw itb’-
kt,f fv ghjuhfvbc yfrkfl xfbsdfkjc& ghjuhfvf hjv 
eahj fldbkfl vjcf[vfhb uf[ltc^ fewbkt,tkbf ufvidt,b 
bfhkb.bc lf.tyt,f cfveifj vfublfpt fy Start-bc qbkfrib& 
ghjuhfvbc bfhkb.bc lf.tyt,f cfveifj vfublfpt% 

• cfveifj vfublbc sfdbceafk flubkfc lfdfo-
rfgeyjs sfueyfc vfh]dtyf qbkfrb* 

• rjyntmcnehb vtybelfy fdbhxbjs ,h’fyt,f New 
~f[fkb` lf itvltu Short Cut ~bfhkb.b`* 

• lbfkjubc afy]fhfib vbdesbsjs ufvidt,b afb-
kbc pecnb ,bkbrb fy ufdffmnbehjs qbkfrb 
Browse ~’t,yf` lf vjd’t,yjs ghjuhfvbc ufvidt-
,b afbkb* 

• ufdffmnhjs qbkfrb Next ~itvltub`^ [jkj 
itvltu qbkfrb Finish ~lfcfchekb`& 

 

2&2&2& ghjuhfvbc bynthatbcb 

ghjuhfvf Chemical Thesaurus ufytresdyt,f vjyf-
wtvt,bc ,fpfcsfy vjveifdt ghjuhfvbc nbgc& vbcb 
lfybiyekt,ff cgtwbfkeh vjyfwtvsf ,fpt,ib fhct,ekb 
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byajhvfwbf vhfdfkv[hbdb rfdibht,bs lffrfdibhjc 
thsvfytssfy& ghjuhfvbc bynthatbcb vjwtvekbf yf[& 
10-pt& trhfypt lfvjynf;t,ekb vvfhsdbc qbkfrt,b 
lf.jabkbf cfv ]ueafl lf itvjcfpqdhekbf wfkrtekb 
xfhxjt,bs& ptlf xfhxj ofhvjflutyc ‘bhbsfl cf’bt,tkc 
~Thesaurus`& bub vjbwfdc js[ qbkfrc Chemical Species 
~mbvbehb yfobkfrt,b`, Sorts & Finds ~cjhnbht,f lf 
vj’bt,f`^ Chemical Reactions ~mbvbehb htfmwbt,b`^ 
Reaction Searchers ~htfmwbbc vf’bt,kt,b`& itvltub xfh-
xj Gadgets ~cfcfhut,kj vjo.j,bkj,t,b` fthsbfyt,c  
lfv[vfht vjo.j,bkj,t,bc qbkfrt,c^ hjvtksf cfief-
kt,bs itb’kt,f gthbjlekb nf,ekbc ufvj’f[t,f^ vjkt-
rekehb vfcbc uffyufhbit,f^ tktvtynt,bc htljmcgjnty-
wbfkt,bc yf[df^ fhjvfnek ,bhsdib tktmnhjabkehb 
xfyfwdkt,bc jhbtynfwbbc ufycfpqdhf lf pjubthsb 
htfmwbbc sthvjmbvbehb cblbltt,c vj’bt,f& vtcfvt xfhxj-
ib Extras ~lfvfnt,bsb vjo.j,bkj,t,b` ufthsbfyt,ekb 

yf[& 10& ghjuhfvf Chemical Thesaurus-bc bynthatbcb 
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qbkfrt,b tvcf[eht,f lfvfnt,bsb byajhvfwbbc vbqt,fc 
mbvbehb htfmwbbc nbgt,pt^ stjhbekb mbvbbc pjubths 
‘bhbsfl cfrbs[t,pt lf cfreshbd ghjuhfvfpt& 
 

2&2&3& mbvbehb yfthst,bcf lf vfsb sdbct,t,bc 
vj‘bt,f cbyjybvt,bc vb[tldbs 

mbvbehb kbnthfnehbc ufwyj,bcfc^ ufycfres-
ht,bs rb se bub ‘dtk vfcfkfc vjbwfdc^ [ibhfl 
dfo.lt,bs ghj,ktvfc yfthst,t,bcf lf yfobkfrt,bc 
nhbdbfkeh lfcf[tkt,fcsfy& lqtbcfsdbc vhfdfkb nhb-
dbfkehb lfcf[tkt,f IUPAC-bc cfthsfijhbcj cbcntvbc 
vbth fhf fqbfht,ekb lf fqfh ufvjb.tyt,f& fvbnjv^ vfs 
sfyfvtlhjdt kbnthfnehfib dth fy yfrkt,fl 
itd[dlt,bs& bcnjhbekb lf nhbdbfkehb lfcf[tkt,t,bc 
vj’bt,bcfsdbc rfhu lf[vfht,fc ufudbotdc ghjuhfvf 
Chemical Thesaurus& fvbcfsdbc cfrvfhbcbf ufdffmnbehjs 
qbkfrb Chemical Species ~mbvbehb yfobkfrt,b`& 
‘bhbsflb ghjuhfvbc afy]fhf lfb[eht,f lf vbc yfwdkfl 

yf[& 11& mbvbehb yfobkfrt,bc cbyjybvt,bc vjyfwtvsf ,fpf 
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ufb[cyt,f f[fkb afy]fhf ~yf[& 11`&  
cbyjybvt,b xfvjsdkbkbf fy,fybc vb[tldbs& sbsj-

tekb cbyjybvbc lfcf[tkt,bc oby itb’kt,f vjwtvekb 
b.jc dfhcrdkfdt,b thsblfy cfvfvlt& vfsb fhct,j,f lf 
hfjltyj,f vbesbst,c yfobkfrbc itcf[t, vjyfwtvsf 
,fpfib fhct,ekb htfmwbt,bc hfjltyj,fpt&  

ghjuhfvf vfhnj mbvbehb cbyjybvt,bc xfvjsdkbs 
fh itvjbafhukt,f& vfc uffxbybf cfrvfjl vlblfhb 
byajhvfwbf sbsjtek xfyfothpt& yfobkfrbc lfcf[t-
kt,fpt sfueyfc qbkfrbc lforfgeyt,bs ufb[cyt,f f[fkb 
afy]fhf^ hjvtkbw lfsvj,bkb fmdc v[jkjl fqybiyekb 
yfobkfrbc itcf[t, byajhvfwbfc ~yf[& 12`& 

trhfypt vfhw[tyf ptlf res[tib vjwtvekbf cf’b-
t,tkb yfthsbc cnhemnehekb ajhvekf lf vbcb itcf’-
kj .dtkf lfcf[tkt,f& vbc mdtvjs vj.dfybkb bmyt,f ,he-
nj ajhvekf^ vjktrekehb vfcf^ kqj,bcf lf leqbkbc 
ntvgthfnehf^ o.fkib lf jhufyek ufv[cytkt,ib 
[cyflj,f& 

yf[& 12&  yfobkfrt,bc itcf[t, chekb byajhvfwbbc afy]fhf 
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trhfybc vfh]dtyf v[fhtc vjsfdct,ekbf hfvjltyb-
vt qbkfrb& ptlf vfh]dtyf qbkfrbc uffmnbeht,bs itcf’-
kt,tkbf cf’bt,tkb cnhemnehbc vbqt,bc htfmwbt,bc 
lfsdsfkbtht,f& itcf’kj vtsjlt,bc hfjltyj,f sdbs 
qbkfrptw fhbc vbsbst,ekb& se udfbynthtct,c cf’b-
t,tkb yfthsbc mbvbehb sdbct,t,b^ fvbcfsdbc eylf 
ufdffmnbehjs ptvjlfy vtjht ~bubdt pjvbc` qbkfrb ~yf[& 
13`& fv itvs[dtdfibw^ sdbs qbkfrpt fhbc vbsbst,ekb 
vjyfwtvsf ,fpfib fhct,ekb htfmwbt,bc ~mbvbehb 
sdbct,t,bc` hfjltyj,f& 

lfyfhxtyb vfh]dybd vjsfdct,ekb qbkfrt,b tvcf-
[eht,bfy bctsb cf[bc lfvfnt,bsb byajhvfwbbc vjojlt-
,fc ithxtekb yfthsbc itcf[t,^ hjujhbwff ofhvjij,f 
~jhufyekb^ ,eyt,hbdb^ fhfjhufyekb`^ tktmnhjyekb 
fqyfuj,f^ bjyt,bc ofhvjmvybc itcf’kt,kj,f lf ajhvf^ 

yf[& 13& mbvbehb sdbct,t,bc afy]fhf 
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vluhflj,f^ sthvjlbyfvbrehb gfhfvtnht,b lf c[df& 
fmdt eylf fqbybiyjc^ hjv vfh]dybd vjsfdct,ekb 

qbkfrt,bc hfjltyj,f fh fhbc cnfylfhnekb lf bub 
lfvjrblt,ekbf vjyfwtvsf ,fpfib fhct,ekb byajhvf-
wbbc hfjltyj,fcf lf udfhj,fpt& 

 

2&2&4& mbvbehb htfmwbt,bc vjyfwtvsf ,fpf 

ghjuhfvf Chemical Thesaurus cfrvfjl lbl 
byajhvfwbfc vjbwfdc mbvbeh htfmwbt,pt& htfmwbt,bc 
xfvjyfsdfkbc trhfypt ufvjnfyf itcf’kt,tkbf qbkfrbc 
Chemical Reactions ~mbvbehb htfmwbt,b` uffmnbeht,bs 
~yf[& 10`& htfmwbbc vjhtfubht rjvgjytynt,b lf.jabkbf 
ce,cnhfnfl^ gbhdtk htfutynfl^ gbhdtk ghjlemnfl lf 
vtjht ghjlemnfl& htfmwbbc rjvgjytynt,bc fvudfhb 
rkfcbabrfwbf tvcf[eht,f htfmwbt,bc ‘t,ybc chek.jafc& 
rth’jl^ itcf’kt,tkbf htfmwbt,bc yec[f fy,fybc vb[tl-
dbs lfkfultc ce,cnhfnbc^ gbhdtkb htfutynbc^ gbhdtkb 
lf vtjht ghjlemnbc vb[tldbs& fvbcfsdbc cfzbhjf uffm-
nbehltc itcf,fvbcb qbkfrb^ hjvtkbw vjwtvekbf 
yec[bc sfdib ~yf[& 14`& 

ghjuhfvf b’ktdf cfiefkt,fc lfodhbkt,bsb by-
ajhvfwbf vbdbqjs fuhtsdt cfreshbd wfkrtek htfm-
wbt,pt& fvbcfsdbc cfzbhjf lfdforfgeyjs sdbs htfmwbbc 
xfyfothpt& trhfypt ufvjdf f[fkb afy]hf^ cflfw vjs-
[hj,bkb bmyt,f htfmwbbc vtmfybpvbc itcf[t,^ cbystpbc 
vtsjljkjubfpt lf f&i&  

mbvbehb htfmwbt,bc ‘bt,f^ ufhlf htfmwbfib 
vjyfobkt rjvgjytynt,bcf^ itcf’kt,tkbf htfmwbbc 
nbgt,bc ~vbthst,f^ xfyfwdkt,f^ tkbvbytht,f lf f&i&`^ 
htfmwbbc vtmfybpvt,bc vb[tldbs& fvbcfsdbc eylf 
uffmnbehltc qbkfrb List ~yec[f`^ hjvtkbw htfmwbt,bc 
yec[bc ptvjs fhbc vjsfdct,ekb& 
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2&2&5& pjuflb cf[bc mbvbehb byajhvfwbbc ‘bt,f 
Chemiacal Thesaurus-bc vjyfwtvsf ,fpfib 

ghjuhfvf Chemical Thesaurus fqzehdbkbf ‘bt-
,bc v’kfdhb cbcntvbs& ‘bt,bc ht;bvbc uffmnbeht,bcfsdbc 
eylf lfdforfgeyjs qbkfrpt Sorts & Finds ~cjhnbht,f 
lf vj’t,yf` ~yf[& 10`&  

trhfypt ufvjdf f[fkb afy]fhf ~yf[& 15`^ hjvkbc 
cfiefkt,bsfw itcf’kt,tkbf vjyfwtvsf ,fpfib 
fhct,ekb nthvbybc ~ntmcnbc`^ mbvbehb tktvtynbc^ 
rkfcbc^ cgtmnhbc lf f&i& vhfdfkv[hbdb ‘t,yf&  

hjujhw cehfsblfy xfyc^ trhfypt vjwtvekbf cfvb 
cf[bc ‘bt,bc vbyljhb ~bcbyb .dbskfl fhbfy itathbkyb`& 

gbhdtkb vbyljhb Search by full or partial name 
~chekb fy yfobkj,hbdb cf[tkbc vb[tldbs ‘t,yf` tvcf[e-
ht,f ‘bt,fc chekb fy yfobkj,bsb lfcf[tkt,bc vb[tldbs& 
vfcib xfothbkb ntmcnbc vb[tldbs rjvgbenthb trhfypt 
ufvjbnfyc .dtkf cf[bc byajhvfwbfc^ hjvtkibw rb 
cf’bt,j ntmcnb abuehbht,c& vfufkbsfl^ dsmdfs itdbnf-

yf[& 14& mbvbehb htfmwbt,bc yec[f 
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yts ntmcnb #Benz@& ‘bt,bc itltufl vfymfyf ufvjbnfyc 
byajhvfwbfc^ hjvtkbw vjbwfdc itvltu cbn.dt,c% Benzo, 
Benzene, Benzyl, lf f&i& 

‘bt,bc vtjht vbyldhbc Find all species which 
contain the element ~.dtkf yfobkfrbc gjdyf^ hjvtkbw 
itbwfdc tktvtync` cfiefkt,bs itcf’kt,tkbf vjyfwtvsf 
,fpfib byajhvfwbbc vj’bt,f tktvtynbc lfcf[tkt,bc 
cfiefkt,bs& vfufkbsfl^ se .dbstkb athbc vbyljhpt 
sfueyfc vfhw[tyf qbkfrc lfdfzths^ xfvjbikt,f 
afy]fhf^ hjvtkibw itudb’kbf fdbhxbjs tktvtynb ~yf[& 
15`& 

vfufkbsfl^ itdfhxbjs tktvtynb nbnfyb& ufdffm-
nbehjs ‘bt,bc lfo.t,bc qbkfrb Search ~’t,yf`^ hjvt-
kbw vbc vfh]dybd fhbc vjsfdct,ekb& ‘bt,bc itltufl 

yf[& 15& byajhvfwbbc ‘bt,bc afy]fhf 
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trhfypt ufvjdf  bc byajhvfwbf^ hjvtkibw abuehbht,c 
tktvtynb nbnfyb& 

vtcfvt vbyljhb eahj afhsj lfybiyekt,bc ‘bt,bc 
cfiefkt,fc b’ktdf& tc vbyljhbw xfvjcfiktk yec[fc 
ofhvjflutyc& vbcb cfiefkt,bs itcf’kt,tkbf itvltub 
]ueaehb ~stvfnehb` nbgbc ‘bt,bc ufy[jhwbtkt,f 
vjyfwtvsf ,fpfib% 

• .dtkf yfthsbc cbyjybvb ~cnhemneht,bc ufhtit` - 
All Species by Synonym (no structure); 

• .dtkf yfthsbc cbyjybvb ~cnhemneht,bc xfsdkbs`  - 
All Species by Synonym; 

• yfthst,bc htfkehb lfcf[tkt,f – Real Species by 
Name; 

• cgtmnht,b - Spectra; 
• jhufyekb yfthst,bc  v;fdbfyj,f ~,htycntlbc 

ghbywbgbc vb[tldbs – Brensted Acids; 
• vbythfkt,b - Minerals; 
• gthbjlekb nf,ekf – Periodic Table; 
• lf c[df& 
 

2&2&6& mbvbehb htfmwbt,bc ‘bt,f nbgt,bcf lf 
vtmfybpvt,bc vb[tldbs 

ghjuhfvbc bynthatbcpt qbkfrb Reaction Sear-
chers ~htfmwbt,bc ‘bt,f` ~yf[& 10` cfiefkt,fc udf’ktdc 
‘bt,f dfofhvjjs htfmwbbc nbgt,bc vb[tldbs ~yf[& 16`&  

hjujhw ptvjsvj.dfybkb cehfsblfy xfyc^ mbvbe-
hb htfmwbbc sbsjtek nbgc ittcf,fvt,f wfkrtekb qb-
kfrb& vjwtvekb mbvbehb htfmwbt,b ufthsbfyt,ekbf jh 
lbl ]ueaib& gbhdtk ]ueaib vjwtvekbf^ htfmwbt,b 
vtmfybpvbc vb[tldbs^ [jkj vtjht ]ueaib htmwbt,b 
lfkfut,ekbf rfntujhbt,bcf lf nbgt,bc vb[tldbs&  

gbhdtk ]ueaib itvfdfkb htfmwbt,b lf.jabkbf 
vtmfybpvbc vb[tldbs& fm itb’kt,f vjdb’bjs itvltub 
htfmwbt,b% 
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• vbthst,bc (Additions) 
• ,bjmbvbehb (BioChemical Reactions) 
• rjvgktmcofhvjmvybc ~Complexations) 
• tkbvbybht,bc (Elimination) 
• xfhsdbc (Insertion) 
• vhfdfkcfat[ehbfyb htfmwbt,b (Multi-step reactions) 
• cf[tkj,bsb htfmwbt,b (Name Reactions) 
• gthbwbrkehb htfmwbt,b (Pericyclic Reactions) 
• ajnjmbvbehb (Photochemical Reactions) 
• hflbrfkehb (Radical Reactions) 
• uflf]ueat,bc (Rearrangements) 
• htljmc htfmwbt,b (Redox Reactions) 
• xfyfwdkt,bc (Substitutions) 
• hflbj mbvbf (Radiochemistry) 

 

yf[& 16& mbvbehb htfmwbt,bc ‘bt,f nbgt,bc vb[tldbs 
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vtjht ]ueaib ufotdhbfyt,ekb htfmwbt,b cf[t-
kj,bsb htfmwbt,bf& fmdt itudb’kbf vjd’t,yjs htfmwbt,b 
cbystpbc vtsjljkjubbc ~]fzdbc lfuh’tkt,f-lfvjr-
kt,f^ lf c[df` vb[tldbs^ mbvbehb cfvhtodtkj htfmwbt,b 
lf c[df& 

sbsjtekb qbkfrbc uffmnbeht,bc itvltu trhfypt 
ufvjlbc f[fkb qbkfrt,bc itvwdtkb afy]fhf^ hjvtkibw 
mbvbehb htfmwbt,b eahj dbohj rkfcbabrfwbbc vb[tldb-
sff lfrfnfkjut,ekb& vfufkbsfl qbkfrbc Substitution 
~xfyfwdkt,f` fhxtdbc itvltu xdty udtmyt,f lfvfnt,bsb 
fhxtdfybc ufrtst,bc cfiefkt,f& fye ghjuhfvf  vjuds[jdc 
fdbhxbjs itvltub xfyfwdkt,bc htfmwbt,b% hflbrfkehb^ 
tktmnhjabkehb^ yerktjabkehb lf c[df cf[bc xfyfw-
dkt,bc htfmwbt,b& 

sdbs mbvbehb htfmwbbc vtmfybpvt,b  dbpefkehfl 
fldbkfl fqcfmvtkflff ofhvjlutybkb& 

mbvbehb htfmwbt,bc^ hjujhw wfkrt mbvbehb lbc-
wbgkbybc vjrkt vbvj[bkdf cfrvfjl byajhvfwbekflff 
ufajhvt,ekb ghjuhfvf Chemical Thesaurus-ib& 
vjupfehj,f fqybiyekb lbcwbgkbybc ‘bhbsfl sfdt,ib 
itcf’kt,tkbf qbkfrbs Reaction Chemistry Tutorials 
~mbvbehb htfmwbt,bc cf[tkv’qdfytkj`& vfcpt sfueyfc 
qbkfrbc lforfgeyt,bs trhfypt ufvjdf vbvj[bkdbsb cfh-
xtdb^ hjvkblfyfw itcf’kt,kj,f udfmdc vjrktl^ vfuhfv 
cfrvfjl byajhvfwbekfl ufdtwyjs sdbs lbcwbgkbybc 
lfhuc^ tktmnhjyekb lf vjktrekehb jh,bnfkt,bc 
stjhbfc^ tktvtynt,bc tktmnhjefh.jabsj,bc atyjvtyc^ 
htljmc mbvbfc^ ajnjmbvbfc^ kebcbc v;fdf$ae’eh mbvbfc^ 
hflbrfkt,bcf lf ,bhflbrfkt,bc mbvbfc& 
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3& JHUFYPJVBKT<BFYB 
UHFABREKB GHJUHFVT<B 

~2D UHFABRF` 
 

 
ufvj.tyt,bc v[hbd kblthj,ty uhfabrekb 

mbvbehb ghjuhfvt,b& vfsb cfiefkt,bs ofhvjt,c 
jhufypjvbkt,bfyb mbvbehb cnhemneht,bc fut,f lf 
nhfycajhvfwbt,b& jhufypjvbkt,bfy mbvbeh cnhem-
neht,b rb sfdbc v[hbd fmnbehfl ufvjb.tyt,f mbvbehb 
ntmcnt,bc ~obuyt,b^ cnfnbt,b^ cfcntylj vfcfkt,b^ 
,erktnt,b lf c[df` ufajhvt,bcfc& lqtbcfsdbc itmvybkbf 
jhufypjvbkt,bfyb uhfabrbc vhfdfkb ghjuhfvf^ 
hjvtksfufyfw .dtkfpt lblb gjgekfhj,bs cfhut,kj,c 
ChemDraw, ChemSketch, ChemWindow, ISIS Draw. 

xfvjsdkbkb ghjuhfvt,bc bynthatbcb lf vjmvt-
lt,bc vtsjlb vybidytkjdyfl ufyc[dfdlt,f thsvfytsb-
cfufy^ sevwf bcbyb ths cfthsj ghbywbgptf fut,ekb& vfsb 
lfybiyekt,ff mbvbehb cnemneht,bc fut,f vpf mbvbehb 
tktvtynt,bs ~vjo.j,bkj,t,bs`& fvbcfsdbc .dtkf ghju-
hfvfc fmdc bctsb vpf tktvtynt,b^ hjujhbwff mbvbehb 
,vf^ mbvbehb tktvtynt,bc nf,ekf ~cfblfyfw itcf’kt,t-
kbf tktvtynbc fhxtdf` lf vjktrekt,bc ahfuvtynt,bcf 
lf hflbrfkt,bc ,fpf& 

ufhlf fvbcf^ fqybiyekb ghjuhfvt,b rkfcbrehb 
uhfabrekb ghjuhfvt,bcfufy ~PhotoShop, Corel Draw` 
#mbvbbc wjylbsfw@ ufvjbhxdbfy& vfs vbth fut,ekb 
cnhemneht,b fh fhbc utjvtnhbekb abueht,b fy 
yf[fnt,b& vfufkbsfl^ mbvbeh ghjuhfvfib lf[fnekb 
rdflhfnb fh fhbc utjvtnhbekb abuehf& ghjuhfvf vfc 
e.eht,c^ hjujhw wbrkj,enfyc^ fye thsvfytssfy 
lfrfdibht,ek js[-CH2- ]ueac& 
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3&1& CNHEMNEHT<BC FUT<F GHJUHFVF 
CHEMDRAW-IB 

ghjuhfvbc bynthatbcb vjwtvekbf  yf[& 17-pt& cf-
veifj cbdhwbc vfhw[ybd vjwtvekbf ‘bhbsflb vjo.j,b-
kj,t,bc gfytkb^ hjvkbc cfiefkt,bsfw itcf’kt,tkbf 
fdbhxbjs mbvbehb ,vbc [fndbc^ cfiktkbc^ mbvbehb tkt-
vtynt,bc xfhsdbc^  j,btmnbc vjybidybc lf f&i& ht;bvt,b& 

cnhemnehbc fut,bcfsdbc vsfdfh bfhfqc ofhvj-
flutyc mbvbehb ,vbc qbkfrb ~vfhw[tyf cdtnib ptvjlfy 

vtcfvt qbkfrb`& bub cehfspt bchbs fhbc fqybiyekb ~yf[& 
18`& cfyfv eiefkjl cnhemnehbc fut,fc itdelut,jlts^ 
fewbkt,tkbf abmcbht,ekb mbvbehb ,vbcf lf abm-
cbht,ekb ,vbc res[bc ht;bvt,bc xfhsdf& fqybiyekb 
ht;bvt,bc xfhsdbc itvs[dtdfib^ cnhemnehbc fut,bcfc 
.dtkf ,vf lf ,vbc res[t thsyfbhb bmyt,f^ hfw cnhem-
nehfc eahj tcntsbreh cf[tc vbfybzt,c& vfsb xfhsdf 

yf[& 17& ghjuhfvf ChemDraw-c bynthatbcb 
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ofhvjt,c Object ~j,btmnb` vtybelfy& se ,h’fyt,t,bc 
Fixd Length ~abmcbht,ekb cbuh’t` lf Fixd Angles ~abmcb-
ht,ekb res[t` oby vjybidybc cbv,jkj fh fhbc^ hjujhw 
mdtvjs vjwtvek yf[& 19-pt fhbc  yfxdtyt,b^ vfiby cfzb-
hjf sbjtekpt sfueyfc vfhw[tyf qbkfrbc lforfgeyt,f& 

rehcjhb cfveifj cbdhwtib itnfybcfc bqt,c 
gfnfhf ]dhbc cf[tc& cnhemnehbc fut,f bo.t,f cfo.bcb 
thsb ,vbc fut,bs& fvbcfsdbc lfdfzbhjs sfueyfc vfhw[tyf 

qbkfrc lf ufdfwehjs lff[kjt,bc 30°-bfyb res[bs 
ptdbs lf vfh]dybd& trhfypt ufvjxylt,f [fpb ~mbvbehb 
,vf`^ hjvtkbw ufhrdtekb cbuh’bc vbqotdbc itvltu 
ito.dtnc cbuh’tib phlfc&  

 

 
ufdfysfdbceakjs sfueyfc qbkfrb& trhfypt 

lfhxt,f [fpb^ hjvtkbw htfkehfl ofhvjflutyc tsfybc 
vjktrekfc& mbvbehb ,vbc odthjt,ib .jdtksdbc buekbc-

yf[& 18& mbvbehb ,vbc  fut,bc qbkfrb 
~yfxdtyt,bf bchbs` 

yf[& 19& Object  vtybe&  
xfhsekbf abmcbht,ekb ,vbc 
cbuh’bcf lf abmcbht,ekb ,vbc 
res[bc ht;bvb 
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[vt,f o.fk,flfnjvt,bs itdct,ekb yf[ibh,flfnjvb& 
xjx[bc ufu’tkt,bcfsdbc rehcjhb vbdb.dfyjs fut,ekb 
mbvbehb ,vbc ths-ths ,jkjib& fqybiyekb fnjvb vjb-
ybiyt,f gfnfhf ifdb rdflhfnbs% 

 
lfdforfgeyjs sfueyfc vfhw[tyf qbkfrpt& fbut,f 

lfvfnt,bsb ,vf 120°-bfyb res[bs& 

 
lfde,heylts obyf yf[ibh,flfnjvc& 

 
 
lfdfodts vfhw[tyf qbkfrc lf ufdfwehjs dthnb-

rfkehfl ptdbs& fbut,f ufyinjt,ekb xjyx[b& lfde,hey-
lts bctd obyf yf[ibhlf,fnjvc& vbbqt,f bpj,enfybc vj-
ktrekf& 

 
rdkfd lfdfzbhjs sfueyfc vfhw[tyf qbkfrc lf 

ufdfwehjs dthnbrfkehfl ptdbs cfyfv fh vjbybiyt,f 
obyf jgthfwbbcfc fut,ekb ,vbc vtjht ,jkj% 

 

 
ufdfysfdbceakjs sfueyfc qbkfrb& fut,ek 

cnhemnehfc tmyt,f itvltub cf[t& bub ofhvjflutyc 
bpj,entybc vjktrekfc% 
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hjujhw erdt b.j fqybiyekb^ ,vt,bc ,jkjt,ib 
buekbc[vt,f yf[ibh,flfnjvt,b& jhvfub ,vbc ptdbs 
vlt,fht yf[ibh,flfnjvb itdwdfkjs ;fyu,flbc fnjvbs& 
fvbcfsdbc rehcjhb vbdb.dfyjs fqybiyek othnbkib lf 
lfdforfgeyjs jh]th cohfafl& trhfypt ufvjdf ntmcnbc 
e]hf% 

 
rkfdbfnehbc cfiefkt,bs fdrhbajs vfqfkb 

htubcnhbc #O@ ~Shift-O). fut,ekb cnhemnehf ufhlfbm-
vyt,f fwtnjybc vjktrekfib& 

 
O

 
 
wbrkehb yfthst,bc cnhemneht,bc fut,bcfsdbc 

ghjuhfvfc fmdc cgtwbfkehb qbkfrt,b^ hjvtksf cfie-
fkt,bsfw itcf’kt,tkbf 3_^ 4-^ 5-^ 6-otdhbfyb wbrkt,bc 
fut,f thsb lforfgeyt,bs& vjv[vfht,tkc fmdc cfiefkt,f 
wbrkj/tmcfyb fbhxbjc cfdfh’kbcf lf yfdbc rjyaj-
hjvtht,bc cf[bsfw& cfresfhb qbkfrb uffxybf fhjvfnek 
,bhsdcfw ~yf[& 20`& 

 

yf[& 20& wbrkehb cnhemneht,bc fut,bc qbkfrt,b 
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vfufkbsfl fdfujs itvltub cnhemnehf% 

N

CH3

 
 

 
1& fdbhxbjs fhjvfnekb cnhemnehbc itcf,fvbcb 

qbkfrb ~yf[& 20`& rehcjhb vbbqt,c vwbht pjvbc 
vemb othnbkbc vmjyt tmdcres[tlbc cf[tc& 

 
2& lfdforfgeyjs trhfypt xdtysdbc cfcehdtk 

flubkfc& fbut,f ,typjkbc vjktrekf& rehcjhc rb 
bctd tmyt,f tmdres[tlbc cf[t& 
 

 
3& rehcjhb vbdef[kjdjs ,typjkbc vfh]dtyf 

dthnbrfkeh ,vfc vbc vjybidyfvlt% 

 
4& lfdforfgeyjs& vjktrekf vbbqt,c yfasfkbybc 

cf[tc% 
 

 
5& fyfkjubehfl vjdbmwts rbltd thsb atybkbc 

ahfuvtynbc vbcfityt,kfl& 
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6& fdbhxbjs wbrkj,enfybc qbkfrb lf mdtlf ,ty-
pjkbc vfh]dtyf dthnbrfkehb ,vbc uffmnbeht,bc 
itvltu lfdforfgeyjs% 

 
7& ths-thsb fhvfnekb ,bhsdb itdwdfkjs /tnthj-

fhjvfnekfl& fvbcfsdbc rehcjhb vbdb.dfyjs 
itcf,fvbc fnjvpt lf vbcb vjybidybc  itvltu rkf-
dbfnehfpt lfdfodts qbkfrc #N@& 

N

 
8& xfdfyfwdkjs vtsbkbc hflbrfkb& fdbhxbjs mbvb-

ehb ,vbc fut,bc ht;bvb ~hjujhw obyf vfufkbsib 
b.j  yfxdtyt,b`& rehcjhb vbdb.dfyjs itcf,fvbc 
yf[ibh,flfnjvpt lf lfdforfgeyjs& 

N

 
9& se udbylf^ hjv vtsbkbc hflbrfkib xfyltc yf[-

ibh,fl lf o.fk,fl fnjvt,b^ vfiby rehcjhb 
vbdb.dfyjs f[fkb mbvbehb ,vbc ptlf ,jkjib lf 
rkfdbfnehfpt  fdrhbajs #C@% 

N

CH3
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3&1&1& cnhemnehbc fut,f lfcf[tkt,bc vb[tldbs 

ghjuhfvbc ChemDraw 8&00 dthcbf cfiefkt,fc 
b’ktdf yfthsbc cnhemnehf fut,ek bmyfc lfcf[tkt,bc 
vb[tldbs& fvbcfsdbc eylf ufdffmnbehjs ,h’fyt,f 
Convert Name to Structure ~lfcf[tkt,bc cnhemnehfib 
ufhlfmvyf` vtybelfy Structure ~cnhemnehf`& fqybiyekb 
,h’fyt,bc uffmnbeht,bc itvltu trhfypt ufvjdf 
lbfkjubc afy]fhf^ hjvtkibw yfthsbc lfcf[tkt,f 
byukbceh tyfpt IUPAC-bc ghbywbgt,bc vb[tldbs eylf 
itnfybkb& itcf’kt,tkbf cbv,jkjt,bc #~@^ #`@^ #[@^ #]@^ 
#{@^ #}@^ ufvj.tyt,f& fctdt itcf’kt,tkbf E lf Z rjyabue-
hfwbbc vbsbsbt,f& vfufkbsfl fdfujs 2-Z-,entybc 
cnhemnehekb ajhvekf% 

1. ufdeidfs ghjuhfvf ChemDraw 
2. ufdffmnbehjs ,h’fyt,f Convert Name to Structure 

~lfcf[tkt,bc cnhemnehfib ufhlfmvyf`^ hjvtkbw 
vjsfdct,ekbf vtybeib Structure ~cnhemnehf`* 

3. lbfkjubc afy]fhfib xfdothjs ntmcnb 2-Z-butene 
4. se udbylf hjv vjltkbc afy]fhfib cnhemnehbc 

fut,bc itvltu vbc mdti lfbothjc yfthsbc lfcf[t-
kt,fw^ vfiby vjdybiyjs vjybidybc e]hf Paste 
name below structure ~cf[tkbc xfot,t,f 
cnhemnehbc mdti`& obyffqvltu itvs[dtdfib ufdf-
emvjs vjybidybc ybifyb& 

5. ufdffmnbehjs qbkfrb Ok 
 
vbqt,ek itltuc tmyt,f itvltub cf[t% 

2-Z-butene  
 

                                                 
* fyfkjubehb tatmnb tmyt,f Ctkl+Shift+N qbkfrt,bc 

rjv,byfwbbc lfzthfc& 



3&2& CNHEMNEHT<BC FUT<F GHJUHFVF 
CHEMSKETCH-BC UFVJ>TYT<BS 

jhufypjvbkt,bfyb cnhemneht,bc fut,bc rbltd ths 
v’kfdh cfiefkt,fc ofhvjflutyc ghjuhfvf ChemSretch& bub 
itlbc ghjuhfvek gfrtnib ACD Labs& bynthytnblfy itcf’-
kt,kbf vbcb vthdt dthcbbc sfdbceafkb uflvjothf vbcf-
vfhsblfy% www.acdlabs.com. vbcb cfbycnfkfwbj afbkbc 
vjwekj,ff 7896 KB& bub sfdct,flbf Windows 95/XP dth-
cbt,bsfy&  

ghjuhfvbc bynthatbcb vjwtvekbf yf[& 21–pt&  
ghjuhfvfc fmdc cnhemnehbc fut,bcf ~Structute` lf 

[fndbc ~Draw` ht;bvb& vfsb uflfhsdf ofhvjt,c trhfybc 
ptlf vfhw[tyf res[tib vjsfdct,ekb qbkfrt,bs ~yf[& 22`& 

 

yf[& 21& ghjuhfvf ChemSketch-bc bynthatbcb 
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cnhemnehbc fut,bc lfo.t,bc oby fewbkt,tkbf 
ghjuhfvbc uflfhsdf cnemnehbc fut,bc ht;bvpt& ghju-
hfvbc vfhw[tyf rbltcsfy vjsfdct,ekbf tktvtynt,bc 
cohfab vbodljvbc gfkbnhf& vfcib dthnbrfkehfl 
xfvjsdkbkbf ‘bhbsflb ~itlfht,bs [ibhfl cfzbhj` 
tktvtynt,b% C, H, N, O, Cl, Br… se tktvtynb fh fhbc 
vjwtvekb tktvtynt,bc cohfab vbodljvbc gfkbnhfpt^ 
vfiby vbcb ufvj’f[t,f itcf’kt,tkbf gthbjlekb nf,ekbc 
qbkfrbs^ hjvtkbw fqybiyekb gfkbnhbc sfdptf 
vjsfdct,ekb ~yf[& 23`& gthbjlek nf,ekfib ithxtekb 
tktvtynb sfdclt,f tktvtynt,bc cohfab vbodljvbc gfkbn-
hfpt&  

cnhemnehbc fut,f bo.t,f tktvtynbc ithxtdbs lf 
trhfypt sfueyfc qbkfrbc lforfgeyt,bs&  

1&itdfhxbjs tktvtynb C lf lfdforfgeyjs sfdbceafk 
cbdhwtpt& lfb[fnt,f vtsfybc  CH4-bc vjktrekf& 

2&rehcjhb vbdb.dfyjs yf[ibh,flbc fnjvpt lf [tkf[kf 
lfdforfgeyjs& CH4-c vbtvfnt,f thsb vtsbkbc ]ueab& 
fvfcsfy gbhdtkb yfibh,flbc dfktynj,f itcojlt,f - 
thsb o.fk,flb lffrklt,f& fvfcsfyfdt^ trhfyblfy 
itcf’kt,tkbf ufmhtc yf[ibh,fl- lf o.fk,flfnjvt,b 
lf cnhemnehf v[jkjl ,vt,bc cf[bs b.jc 
ufvjcf[ekb&  

3& rdkfd lfdforfgeyjs rehcjhb ths-ths yf[ibh,flpt& 
tsfybc vjktrekf uflfbmwtdf ghjgfybc vjktrekfl^ 
hjvtkbw itvltuyfbhb nt[bkbs bmyt,f ufvjcf[ekb& 

 
4& vbdb.dfyjs rehcjhb ief yf[ibh,flpt lf lfdfo-

rfgeyjs& vjktrekf uflfbmwtdf bpj,enfyfl& 

yf[& 22  cnhemnehbc 
fut,bcf  (Structure) lf 
[fndbc (Draw) ht;bvt,bc 
uflfcfhsfdb qbkfrt,b 

yf[& 23 gthbjlekb nf,ekbc qbkfrb 
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5& ths-ths ufyfgbhf yf[ibh,flfnjvpt xfdfyfwdkjs 

/blhjmcbkbc ]ueab& fvbcfsdbc tktvtynt,bc cohfab 
vbodljvbc gfkbnhblfy fdbhxbjs ;fyu,flbc fnjvb& 
rehcjhb vbdb.dfyjs fut,ekb cnhemnehbc ths-ths 
ufyfgbhf yf[ibh,flfnjvsfy^ lfdfzbhjs vfhw[tyf 
qbkfrc lf rehcjhb ufdfwehjs hfbvt res[bs& 
ufbzbvt,f lfvfnt,bsb ,vf& sfueyfc qbkfrbc ufysf-
dbceakt,bc itvltu ,vf trhfypt lfabmcbhlt,f lf 
vjktrekfc xftyfwdkt,f OH-]ueab& 

OH

 
se cnhemnehfpt udbylf .dtkf fnjvb b.jc ufvjcf-

[ekb^ vfiby cfzbhjf cnhemneht,bc sdbct,t,bc vtybelfy 
vbtwtc itcf,fvbcb ,h’fyt,t,b&  

1& ufvjdb’f[js Structure Prooperties ~cnhemnehbc 
sdbct,t,b` veybelfy Tools ~vjo.j,bkj,t,b`. 

2&  ufdffmnbehjs uflf-
cfhsfdb Common 
~’bhbsflb` ~yf[& 24` 

3& se v[jkjl nthvbyf-
kehb yf[ibh,flf-
njvt,bc xdtyt,f udby-
lf^ xfdhsjs xfcfh-
sfdb Terminal ~nth-
vbyfkehb^ ufyfgbhf` 

4& uflfdblts vjybidybc 

~ctktmwbbc` ht;bvib 

qbkfrpt  lfo-

rfgeyt,bs& 

5&sfueyfc vfhw[tyf qb-
kfrpt sbsbc lfzthbs 
ufdfwehjs bub lbf-

yf[& 24& cnhemneht,bc 
sdbct,t,bc lbfkjubc afy]fhf 
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ujyfkehfl bct^ hjv gemnbhbs ufvjcf[ek 
vfhsres[tlib vj[dltc vstkb cnhemnehf& vjybiyek 
cnhemnehfpt gfnfhf rdflhfnt,b ufxylt,f^ hfw 
vbesbst,c vbc vjybiyek ahfuvtync& 

6&  ufdffmnbehjs qbkfrb Apply ~vbfybzt` ~yf[& 24`& 
cnhemnehf vbbqt,c itvltu cf[tc  

CH3
CH3

OH

 
7&  vjdybiyjs cnhemnehf [tkf[kf vskbfyfl lf xfdhsjs 

xfcfhsfdb All ~.dtkf` ~yf[& 24`& 
8& ufdffmnbehjs qbkfrb Apply ~vbfybzt`& fv]thfl 
cnhemnehfpt .dtkf yf[ibh,flfnjvb bmyt,f ufvjcf[ekb& 

CH3 CH
CH3

CH2 OH

 
 

hjujhw dyf[ts /blhjmcbkbc vfufkbspt^ tktvty-
nt,bc cohfab vbodljvbc qbkfrt,bc cfiefkt,bs  itcf’kt-
,tkbf aeymwbehb ]ueat,bc xfcvf& vfuhfv fqybiyekb 
qbkfrt,blfy itcf’kt,tkbf v[jkjl o.fk,flt,bs 
itdct,ekb aeymwbehb ]ueat,bc xfyfwdkt,f& vfufkbsfl^ 
fpjnbc fnjvbs vbbqt,f fvbyj]ueab^ ujubhlbc fnjvbs – 
vthrfgnj]ueab lf f&i& hjujh vjdbmwts^ se cfzbhjf 
ybnhj fy cekaj]ueabc xfcvf( fvbcfsdbc tktvtynt,bc 
cohfab vbqotdbc gfkbnhfpt lfvjynf;t,ekbf qbkfrb 

^ hjvkbc cfiefkt,bsfw itcf’kt,tkbf yt,bcvbthb 
]ueabc xfyfwdkt,f& ptvjs fut,ek vjktrekfib ths-ths 
gbhdtkfl yf[ibh,flfnjvpt xfdfyfwdkjs ybnhj]ueab& 
fvbcfsdbc cfzbhjf ]th xfyfwdkltc yt,bcvbthb tktvtynb^ 
vfufkbsfl fpjnb& vjktrekf vbbqt,c cf[tc%  

CH3 CH
CH2

CH2 OH

NH2 
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itvltu fdbhxbjs aeymwbehb ]ueabc qbkfrb& lf-
de,heylts  fut,ek vjktrekfc lf rehcjhb vbdef[kjdjs 
fvbyj]ueac& bub vjbybiyt,f ,fwb vfhsres[tlbs& vfhw[tyf 
qbkfrbc lforfgeyt,f trhfypt ufvjbnfyc lbfkjubc afy-
]fhfc ~yf[& 25`&  

ntmcneh afy]fhfib itdbnfyjs #NO2@ fy vjd’t,yjs 
bub yec[fib& 

,jkjc ufdffmnbehjs qbkfrb Insert ~xfcvf` ~yf[& 
25`& cnhemnehf vbbqt,c cf[tc% 

 

CH3 CH
CH2

CH2 OH

NO2 
]thflb ,vt,bc fcfut,fl cfzbhjf rehcjhb vbdb.df-

yjs thsvfu ,vfpt lf vbcb uffmnbeht,bc itvltu ~,vf 
vjtmwtdf ,fw vfhsres[tlib` lfdforfgeyjs& .jdtkb lfo-
rfgeyt,f ,vbc ]thflj,fc ufphlbc thsbs^ fye cfvvfub ,vbc 
fcfut,fl cfzbhjf jh]thflb lforfgeyt,f& cfvvfu ,vfpt 
lforfgeyt,f rb vfc uflffmwtdc thsvfu ,vfl& vfufkbsbcfsdbc 
ptvjvj.dfybkb 2-vtsbk-3-ybnhj-ghjgfyjk-1-bc cnhem-
nehf uflfdfrtsjs 2-vtsbk-3-ybnhj-2-ghjgty-1-jkfl& 
fvbcfsdbc rehcjhb vbdb.dfyjs ,vfpt^ hjvtkbw 
vjsfdct,ekbf C2-C3-c ijhbc lf vbcb uffmnbeht,bc itvltu 
lfdforfgeyjs& cnhemnehf vbbqt,c itvltu cf[tc%  

 

yf[& 25& 
aeymwbehb 
]ueabc 
xfhsdbc 
lbfkjubc 
afy]fhf 
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CH3 C
CH

CH2 OH

NO2 
 

3&3& MBVBEHB CNHEMNEHT<BC FUT<F 
GHJUHFVF  ISIS DRAW-IB 

2D-uhfabrekb ghjuhfvt,blfy ths-thsb cfbynt-
htcj ghjuhfvff ISIS Draw.  bub cfrvfjl rjvgfmnehb^ 
vwbht vjwekj,bcf lf rfhufl sfdct,flb ghjuhfvff 
Windows-bc .dtkf dthcbfcsfy lf MS Office-bc ghjuhf-
vt,sfy&  vbcb bynthatbcb vjwtvekbf yf[& 26-pt&  

cnhemnehbc fut,bcfsdbc ‘bhbsfl vjo.j,bkj,fc 

ofhvjflutyc mbvbehb ,vf ~vcufdcfl ghjuhfvbcf Chem 
Draw`& bub vjsfdct,ekbf trhfybc vfhw[tyf cdtnib ufykf-
ut,ekb vjo.j,bkj,t,bc gfkbnhfpt lf fmdc itvltub  cf[t% 

 

yf[& 26& ghjuhfvf ISIS Draw-c bynthatbcb 
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fqybiyekb qbkfrbc cfiefkt,bs itcf’kt,tkbf 
thsvfub lf ]thflb ~hfvjltybvt]th lforfgeyt,bc itv-
s[dtdfib` ,vt,bc fut,f& vfuhfv se sfueyfc qbkfrc hfvj-
ltybvt ofvbc ufyvfdkj,fib lfdf.jdyt,s lfzthbk 
vlujvfhtj,fib fqybiyek qbkfrpt^ vfiby ufbc[yt,f lfvf-
nt,bsb^ ]thflb ,vt,bc itcf,fvbcb qbkfrt,bw ~yf[& 27`& vfsb 
fhxtdbc itvs[dtdfib sfueyfc .jdtkb ths]thflb 
lforfgeyt,bcfc fbut,f itcf,fvbcb ]thflb ~jhvfub^ cfvvfub` 
,vf&  

,vbc fut,bcfc trhfypt f[kfl fut,ek ,vfc uffxybf 
jhb gfnfhf rdflhfnb ~ctktmwbbc othnbkt,b`^ hjvtk-
sfufy thsb vjsfdct,ekbf iefib^ [jkj vtjht ,vbc ,j-
kjib& xjyx[bc ufuh’tkt,bcfsdbc cfzbhjf rehcjhb vbdb.-
dfyjs ,vbc ,jkjib vjsfdct,ek ctktmwbbc othnbkpt lf 
bct lfdforfgeyjs sfueyfc qbkfrpt& se ctktmwbbc 
othnbkb cojhfl fh bmyt,f vjybiyekb^ vfiby ,vf fbut,f^ 
vfuhfv vfc rfdibhb fh tmyt,f obyf fut,ek cnhemnehfcsfy^ 
hfvfw pjubths itvs[dtdfib itb’kt,f fhfcfcehdtk 
itltut,fvlt vbudb.dfyjc& fvbnjv^ .jdtkb f[fkb ,vbc 
fut,bcfc cojhfl eylf bmyfc ithxtekb vbcb #vbthst,bc@ 

othnbkb&  
fdfujs vtsbkdbybkrtnjybc vjktrekbc cnhem-

nehf% 

1. fdbhxbjs ,vbc fut,bc vjo.j,bkj,f  
2. lfdforfgeyjs cfveifj vfublbc sfdbceafk flub-

kfc& fbut,f thsvfub ,vf^ hjvtkcfw tmyt,f jhb 
ctktmwbbc ~iefib lf ,vbc ,jkjib` othnbkb% 

 

 

yf[& 27& ,vbc fut,bc 
vjo.k,bkj,bc qbkfrt,b 
ghjuhfvfib ISIS Draw 
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3. rehcjhb vbdb.dfyjs ,vbc ,jkjib vjsfdct,ek 
ctktmwbbc othnbkpt lf lfdforfgeyjs& fbut,f 
ghjgfybc vjktrekf^ [jkj ctktmwbbc othnbkt,b 
uflfbyfwdkt,c f[kflfut,ek ,vfpt%  

 
4. obyf jgthfwbbc fyfkjubehfl rbltd fdfujs thsb 

,vf& vbdbqt,s y-,enfybc cnhemnehfc% 

 
5. rehcjhb vbdb.dfyjs ,vbc iefib vjsfdct,ek ct-

ktmwbc othnbkpt lf lfdforfgeyjs& thsvfub ,vf  
uflfbmwtdf jhvfu ,vfl& 

 
6. f[kf lfdfrfdibhjs rtnjybc ]ueab& rehcjhb 

vbdb.dfyjs itcf,fvbc yf[ibh,flfnjvpt lf lfdf-
orfgeyjs ths[tk% 

 
7. f[kflfut,ekb ,vf uflfdfmwbjs jhvfu ,vfl^ hbc-

sdbcfw rehcjhb vbdb.dfyjs ,vfpt lf lfdfo-
rfgeyjs% 

 
8. lfdfrfdibhjs ;fyu,flbc fnjvb& ‘bhbsflb 

vjo.j,bkj,t,bc gfkbnhblfy fdbhxbjs tktvtynbc 

xfhsdbc bycnhevtynb  lf vbdb.dfyjs rehcjhb 
jhvfub ,vbc ,jkjib& lfdforfgeyjs& trhfypt 
ufvjdf xfvjcfiktkb yec[f^ hjvtkibw 
tktvtynt,bf xfvjsdkbkb& itdbhxbjs “O”&  

O
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3&4& <B<KBJSTRT<BC UFVJ>TYT<F 
CNHEMNEHT<BC FUT<BCFSDBC 

2D-uhfabrek ghjuhfvt,ib cnhemneht,bc fut,bc 
ufvfhnbdt,bcfsdbc itmvybkbf cgtwbfkehb ,b,kbjstrt,b^ 
hjvtksf cfiefkt,bs itcf’kt,tkbf hjujhw c[dflfc[df 
rkfcbc yfthst,bc cnhemneht,bc^ bct wfkrtekb 
ahfuvtynt,bc ~hflbrfkt,bcf lf aeymwbehb  ]ueat,bc` fh-
xtdf& vj’t,ybc ufvfhnbdt,bcfsdbc fqybiyekb tktvtynt,b  
lf]ueat,ekbf rkfct,bc vb[tldbs& 

3&4&1& cnhemnehekb ,b,kbjstrt,b ghjuhfvf 
ChemDraw-ib 

ghjuhfvf ChemDraw-ib ,b,kbjstrbc ufvj’f[t,f 
[lt,f ‘bhbsflb vjo.j,bkj,t,bc gfkbnhblfy ~yf[& 28`& 

  

fqybiyek qbkfrpt sfueyfc lforfgeyt,bs ufb[cyt,f 
vtybe^ hjvtkibw xfvjsdkbkbf yfthst,bc rkfct,b& fm xdty 
itudb’kbf fdfhxbjs itvltub rkfcbc yfthst,b% fvbyj-
v;fdt,b^ fhjvfnekb^ ,bwbrkehb^ vjyjwbrkehb  yfthst,b^ 
hb,jyerktby lf ltpjmcbhb,jyerktbyv;fdt,b lf c[df& yf[& 
29-pt yfxdtyt,bf fhjvfnekb cnhemneht,b^ hjvtksf ith-
xtdfw itcf’kt,kbf ,b,kbjstrblfy& 

gfkbnhblfy cfzbhj cnhemnehbc fhxtdf [lt,f 
itcf,fvbc cnhemnehfpt sfueyfc qbkfrbc lforfgeyt,bs& 
vbcb ithxtdbc itvltu vtybe b[eht,f lf rehcjhb ,heylt,f 
cfveifj cbdhwtib& sfueyfc rehcjhbc vb.dfybs cfcehdtk 
flubkpt lf lforfgeyt,bs trhfypt cf,jkjjl lfabm-
cbhlt,f ithxtekb vpf cmnhemnehf& fvudfhfl itmvybk 

 

yf[& 28& ‘bhbsflb 
vjo.j,bkj,t,bc  gfkbnhbc 
ahfuvtynb& yfxdtyt,bf 
,b,bkbjstrbc ufvj’f[t,bc 
qbkfrb 

,b,kbjstrbc 
ufvj’f[t,bc 
qbkfrb 
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vjltkc fmdc htfkehb mbvbehb cnhemnehbc sdbct,f^ fye 
itcf’kt,tkbf vfcpt lfvfnt,bsb ,vt,bc xfhsdf&  

3&4&2& cnhemnehekb ,b,kbjstrt,b ghjuhfvf 
ChemSketch-ib 

ghjuhfvf ChemSketch-ib cnhemneht,bc ,b,kb-
jstrbc ufvj’f[t,f itcf’kt,tkbf hfvjltybvt vtsjlbs& 
evfhnbdtc lf evjrktc vtsjlc ofhvjflutyc itcf,fvbc 
gbmnjuhfvfpt lforfgeyt,f& ,b,kbjstrbc qbkfrb vjsfd-
ct,ekbf vfh]dtyf res[tib vtybec pjkbc mdti ~yf[& 30`& 

,b,kbjstrbc ufvj’f[t,bc vtjht fctdt cofhab 
vtsjlbf t&o& #w[tkb qbkfrb@& rkfdbfnehfpt F5 qbkfrbc 
uffmnbeht,f bltynehbf ptvjs fqothbkb jgthfwbbcf& 
vtcfvt vtsjlc ofhvjflutyc ghjuhfvbc vtybelfy itcf,fvbcb 
,h’fyt,bc ufwtvf& fv itvs[dtdfib ,b,kbjstrbc ufvj’f[t-
,bcfsdbc eylf ufdffmnbehjs ,h’fyt,f Tamplate Window 

yf[& 29& fhjvfnekb  cnhemneht,bc if,kjyt,b 
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~if,kjyt,bc afy]fhf`, hjvtkbw vjsfdct,ekbf vtybeib 
Tamplates ~if,kjyt,b`&  

cfvbdt fqothbk vjmvtlt,fc vbd.fdfhs trhfypt ,b,-
kbjstrbc afy]hbc uf[cyfvlt ~yf[& 31`& 

afy]hbc vfhw[tyf v[fhtc xfvjsdkbkbf ]ueat,b^ 
hjvtkbw fthsbfyt,c thsb rkfcbc cnhemneht,c& fctsb qb-
kfrt,bc hfjltyj,f 12-bf& sevwf ghjuhfvfc ufwbkt,bs 
vtnb hfjltyj,bc vpf if,kjyt,b uffxybf& vfsb ufvj’f[t,f 
[lt,f afy]hbc sfdpt xfvjcfiktkb yec[blfy& ufhlf fvbcf^ 
thsb rkfcbc if,kjyt,bc hfjltyj,f itb’kt,f bvfpt vtnb 
b.jc^ hbcb lfntdfw itcf’kt,tkbf ths trhfypt& fcts 
itvs[dtdfib cfzbhjf uflfcdkf itvltu  udthlt,pt itcf-
,fvbcb qbkfrt,bc cfiefkt,bs^ hjvkt,bw lfvjynf;t,ekbf 
fctdt afy]hbc ptlf yfobkib&  yf[& 31-pt vjwtvekb 
cehfsbc vb[tldbs xfyc^ hjv ithxtekbf fhjvfnekb 

,b,kbjstrbc ufvj’f[t,bc 
qbkfrb 

hflbrfkt,bc cohfab vbodljvbc 
gfkbnhf 

yf[& 30& ,b,kbjstrbc  ufvj’f[t,bc qbkfrb ghjuhfvfib 
ChemSkertch 
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cnhemneht,bc if,kjyt,b ~Aromatics`^ hjvkbc 
vjyfwtvt,bw brfdt,c v[jkjl ths udthlc #1(1) Page 1@& 

,b,kbjstrblfy ithxtekb cnhemnehf itb’kt,f 
#fqt,ek@ bmyfc hjujhw mbvbehb cnhemnehf lf hjujhw 
yf[fnb& gbhdtk itvs[dtdfc flubkb tmyt,f^ se ,b,kbjstrbc 
tktvtynbc fhxtdbcfc xfhsekb bmyt,f Structure 
~cnhemnehf` ht;bvb ~vbcb xfhsdf itb’kt,f yf[& 31-pt 
ufvjcf[ekb itcf,fvbcb qbkfrbs`& fqybiyekb ht;bvbc 
itvs[dtdfib vjktrekbc fhxtdbcfc cfiefkt,f udfmdc 
cnhemnehfcsfy thsfl itdbhxbjs bc ,vfw fy fnjvbw^ 
hjvkbc cfiefkt,bsfw eylf lferfdibhltc bub c[df 
cnhemnehfc& vfufkbsfl^ ,b,kbjstrbc lf[vfht,bs fdfujs 
lbatybkbcf lf yfasfkbybc vjktrekt,b& 

lbatybkbc vjktrekbc fut,bcfsdbc sfyfvbvltdhe-
kfl itdfchekjs itvltub jgthfwbt,b% 

 
1& ufvjdb’f[js ,b,kbjstrbc afy]fhf F5 qbkfrpt 

sbsb lfzthbs ~fy c[df ptvjs fqothbkb 
vtsjlt,bs`* 

yf[& 31& cnhemneht,bc ,b,kbjstrbc  afy]fhf ghjuhfvfib 
ChemSketch 
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2& vfhw[tyf v[fhtc xfvjsdkbk yfthst,bc rkfct,ib 
vjd’t,yjs fhjvfnekb ~Aromatics` if,kjyt,b lf 
ufdffmnbehjs itcf,fvbcb qbkfrb& se 
xfvjsdkbk yec[fib fh bmyt,f fqybiyekb 
qbkfrb^ vfiby bub ufvjdb’f[js xfvjcfiktkb 
yec[blfy ~yf[& 31`* 

3& rehcjhb vbdb.dfyjs ,typjkbc cnhemnehfcsfy& 
rehcjhbc vbf[kjt,bcfc ,typjkbc cnhemnehbc 
wfkrtekb tktvtynt,b ~yf[ibh,flfnjvt,b lf 
,vt,b` vjbybiyt,f^ hfptw vtn.dtkt,c ,fwb 
vfhsres[tlbc ufvjxtyf& rehcjhb itdfxthjs 
ths-ths yf[ibh,flfnjvpt lf bct #fdbqjs@ 
vjktrekf* 

4& cfveifj cbdhwtib lf,heyt,bc itvltu ,typjkbc 
,fwb vjktrekf uflfflubklt,f rehcjhsfy 
thsfl& vbcb trhfypt abmcfwbbcfsdbc lfdforfge-
yjs cfcehdtk flubkpt& trhfypt lfb[fnt,f 
thsb ,typjkbc vjktrekf^ [jkj ,fwb cnhem-
nehf rdkfd uffuh’tkt,c vj’hfj,fc rehcjhsfy 
thsfl* 

5& xdtyc vbth thsb ,typjkbc vjktrekf erdt fut-
,ekbf& f[kf cfzbhjf vfcsfy ,typjkbc vtjht 
vjktrekbc lfrfdibht,f& rehcjhb vbdef[kj-
djs erdt fut,ek ,typjkbc vjktrekfc& itdybi-
yfds^ hjv hjltcfw rehcjhb bv.jat,f ths-ths 
yf[ibh,flfnjvsfy cbf[kjdtib^ ,fwb [fpbc 
cfiefkt,bs v.fhlt,f rfdibhb #vem@ ,typjkbc 
vjktrekfcf lf #,fw@ ,typjkbc vjktrekfc 
ijhbc& ~fvfcsfyfdt^ vbdfmwbjs .ehflqt,f^ hjv 
rehcjhbc vbf[kjt,bcfc ,typjkbc ,vt,sfy^ 
fhfyfbhb htfmwbf fh tmyt,f #,fw@ ,typjkbc 
vjktrekfc`& lfdforfgeyjs sfueyfc qbkfrpt& 
trhfypt fbut,f lbatybkbc vjktrekf& 

 
f[kf fdfujs yfasfkbybc vjktrekf% 
1& fyfkjubehfl ufvjdb’f[js ,b,kbjstrbc afy-

]fhf* 
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2& itdfhxbjs  ,typjkbc vjktrekf bv lhjc^ hj-
ltcfw ,fwb vfhs[res[tlb bmyt,f ths-thsb ,vbc 
ufhitvj* 

3& cfveifj trhfypt lfdforfgeyjs& lfb[fnt,f thsb 
,typjkbc vjktrekf^ [jkj ,fwb ,typjkbc 
vjktrekf obyf itvs[dtdbc fyfkjubehfl^ 
uffuh’tkt,c vj’hfj,fc rehcjhsfy thsfl* 

4& vbdef[fkjdjs rehcjhb erdt fut,ek ,typjkbc 
vjktrekfc& dyf[fds^ hjv obyf itvs[dtdbcfufy 
ufyc[dfdt,bs^ #vem@ lf #,fw@ ,typjkbc vjkt-
rekt,c ijhbc rfdibhb ofhvjbmvyt,f v[jkjl 
rehcjhbc ,vfcsfy vbf[kjt,bcfc& ofhvjmvybkb 
,vbc itvs[dtdfib lfdforfgeyjs& lfb[fnt,f 
yfasfkbybc vjktrekf& 

ghjuhfvf ChemSketch vjktrekt,bc if,kjyt,bc 
ufhlf vjbwfdc hflbrfkt,bc if,kjyt,cfw& hflbrfkt,bc 
if,kjyt,bc afy]hbc ufvj’f[t,f itcf’kt,tkbf F6 qbkfrbc 

yf[& 32& hflbrfkt,bc  gfkbnhbc afy]fhf ghjufhvfib 
ChemSketch 
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uffmnbeht,bs ~yf[& 32`& ithxtdbc itvltu hflbrfkb tvfnt,f 
fuhtsdt cohfab vbodljvbc gfkbnhfc ~yf[& 30`^ cfblfyfw 
itcf’kt,tkb [lt,f vbcb itvlujvb ithxtdf lbfkjubc 
afy]hbc [tkf[fkb ufvj’f[t,bc ufhtit& 

3&4&3& cnhemnehekb ,b,kbjstrt,b ghjuhfvf 
ISIS Draw-ib 

ghjuhfvf ISIS Draw-ib cnhemneht,bc ,b,kbj-
strbc ufvj’f[t,f [lt,f eiefkjl vtybelfy Tamplates 
~if,kjyt,b`& yfthst,bc hjvtkbvt rkfcbc ithxtdbcfsdbc 
eylf uffmnbehltc itcf,fvbcb ,h’fyt,f& vfufkbsfl fvbyj-
v;fdt,bcfsdbc – Amino Acids, fhjvfnekb cnhemne-
ht,bcfsdbc – Aromatics^ lf f&i& ,h’fyt,f Open ~uf[cyf`  
vtybelfy Tamplates ~if,kjyt,b` cfiefkt,fc udf’ktdc ufd-
[cyfs thsb rjyrhtnekb cnhemnehf^ hjvtkbw cbcntvfib 
xfothbkbf itcf,fvbcb *.SKC ufafhsjt,bc vmjyt afbkt,bc 
cf[bs& fmdt eylf fqbybiyjc^ fv erfcfrytk itvs[dtdfib 
fewbkt,tkbf vbpyj,hbdb if,kjybc afbkbc pecnb 
lfcf[tkt,bc wjlyf lf fvltyfl tc vtsjlb yfrkt,fl 
[tkcf.htkbf& 

if,kjybc ufvj’f[t,f lf vbcb lfnfyf cfveifj vfub-
lfpt fyfkjubehbf obyf gfhfuhfaib ufy[bkekb itv-
s[dtdbcf lf fvbnjv fv sfdib vfc lfodhbkt,bs fqfh 
ufydb[bkfds& 

 

3&5& CNHEMNEHT<BC VFHNBDB 
NHFYCAJHVFWBT<B 

 
cnemneht,bc fut,bcfc [ibhfl cfzbhj [lt,f bctsb 

jgthfwbt,bc xfnfht,f^ hjujhbwff uflfflubkt,f  ~XY-
nhfycajhvfwbf`^ itvj,heyt,f cb,h.tpt ~XZ-nhfycajh-
vfwbf` fy cbdhwtib ~XYZ-nhfycajhjvfwbf`& fqybiyekb 
jgthfwbt,bc xfnfht,f ljrevtynt,bc ,tdhfl eahj kf-
vfpfl lf byajhvfwbekfl ufajhvt,bc cfiefkt,fc b’ktdf& 
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ptvjxfvjsdkbkb nhfycajhvfwbt,bc  ufy[jhwbt-
kt,f itcf’kt,tkbf v[jkjl vjybiyek cnhemneht,pt& fv 
jgthfwbt,bc xfnfht,fc oby ecoht,c itcf,fvbcb j,btmnbc 
vjybidyf&  

3&5&1& cnhemneht,bc vfhnbdb nhfycajhvfwbt,b 
ghjuhfvf ChemDraw-ib 

 
vjybidybc itcf,fvbcb qbkfrt,b ghjuhfvf Chem-

Draw-ib vjsfdct,ekbf ‘bhbsflb vjo.j,bkj,t,bc gfkbn-
hbc ptlf yfobkib& 

j,btmnbc vjybidybcfsdbc eylf fdbhxbjs vjybidybc 
qbkfrb ~yf[& 33` lf sfueyfc vfhw[tyf qbkfrpt sbsbc 
feqt,kfl vjcfybiyb j,btmnbc ufhitvj eylf itvjd[fpjs 
vfhsres[tlb fy itrhekb obhb& qbkfrblfy sbsbc fqt,bc 
itvltu cnhemnehf uf,fwlt,f^  vjtmwtdf ,fw xfhxjib lf 

lfbo.t,c wbvwbvc& fqybiyekb vtsjlbs itcf’kt,tkbf 
hjujhw vskbfyb vjktrekbc^ bct vbcb wfkrtekb 
ahfuvtynbc vjybidydf& vjybiyek ahfuvtync tmyt,f itvltub 
cf[t% 

 
vbc cb,hn.tpt ~aehwtkpt` uflffubkt,bcfsdbc 

rehcjhb itdb.dfyjs vjybiyekb cnhemnehbc ibuf cbd-
hwtib& rehcjhb fv cbdhwtib vj[dtlhbcfc bwdkbc cf[tc lf 
[tkbc ajhvfc bqt,c&  

 

yf[& 33& sfdbceafkb ~Lasso` lf vfhs[es[f ~Marquee` 
vjybidybc qbkfrt,b  ghjuhfvf ChemDraw-ib 
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tc vbudfybiyt,c^ hjv fv lhjc itcf’kt,tkbf vbcb uf-
lffubkt,f& uflffubkt,bcfsdbc cfzbhjf sfueyfc qbkfrc 
lfdfodts lf ufdfwehjs yt,bcvbthb vbvfhsekt,bs& sfue-
yfc qbkfrpt sbsbc fqt,bc itvltu j,btmnb rdkfd vjybi-
yekb hxt,f& vjybidybc ufemvt,bcfsdbc cfzbhjf cflvt 
sfdbceafk flubkpt sfueyfc qbkfrbc lforfgeyt,f& 

vjybiyekb j,btmnbc itvj,heyt,f cb,n.tib itcf’-
kt,tkbf vtybecf lf vjybidybc xfhxjc cfiefkt,bs& se 
rehcjhc vbdef[kjdt,s vjybiyekb j,btmnbc ufhitvj 
fhct,ek xfhxjc ptlf vfh]dtyf res[tc^ vfiby bub vbbqt,c 
vj[hbkb jhsfdf bchbc ajhvfc&  

 
cfyfv rehcjhc fqybiyekb ajhvf fmdc^ sfueyfc uflf-

flubkt,f vfhw[tyf qbkfrpt lfzthbk vlujvfhtj,fib 
ufvjbodtdc vjybiyekb j,b-
tmnbc itvj,heyt,fc ~XY-
nhfycajhvfwbf`& 

cnhemneht,pt  
fqybiyekb jgthfwbt,bc xf-
nfht,f itcf’kt,tkbf fu-
htsdt vtybec ufvj.tyt,bs& 
,h’fyt,fc Rotate ~,heydf`^ 
hjvtkbw vjsfdct,ekbf vt-
ybeib Object ~j,btmnb`^ tr-
hfypt ufvjfmdc lbfkjubc 
afy]fhf^ hjvtkibw itcf,b-
vbcb res[bc cblblbc itnf-
ybc itvltu cnhemnehfc it-
vjf,heyt,c fv res[bs& ufh-
lf fvbcf^ Object ~j,btmnb` 
vtybelfy itcf’kt,tkbf 
j,btmnbc ufhlfcf[df dth-

nbrfkehb lf /jhbpjynfkehb cbvtnhbbc qth’bc vbvfhs& 
fvbcfsdbc ufvjb.tyt,f ,h’fyt,t,b Flip Horizontal ~ufhlf-
cf[df /jhbpjynfkehb qth’bc vbvfhs` lf Flip Vertical 
~ufhlfcf[df dthnbrfkehb qth’bc vbvfhs`  ~yf[& 34`& 

OH

SO3H

OH

SO3H

OH

HO3S OH

SO3H

1.

2.

3.
4.

yf[& 34& vjktrekt,bc 
nhfycajhvfwbt,b%  
1-cfo.bcb vjktrekf^   
2- 30°-bfyb res[bs itvj,he-
yt,f^  
3- /jhbpjynfkehb ufh-
lfcf[df ~Flip Horizontal`,  
4-dthnbrfkehb ufhlfcf[df 
~Flip Vertical` 
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3&5&2& cnhemneht,bc vfhnbdb nhfycajhvfwbt,b 
ghjuhfvf ChemSketch-ib 

 
vjktrekt,bc utjvtnhbekb nhfycajhvfwbt,b fct-

dt itcf’kt,tkbf ghjuhfvf ChemSketch-ib&  XY-nhfyc-
ajhvfwbbcfsdbc^ bctdt hjujhw ghjuhfvf ChemDraw-ib^ 
cfzbhjf cnhemnehbc obyfcofhb vjybidyf& vjybidyf 

ofhvjt,c itcf,fvbcb qbkfrbc  uffmnbeht,bs& 
vjybiyekb cnhemnehbc sbsjtek tktvtynpt ~sbsjtek 
fnjvcf lf ,vfpt`  xylt,f gfnfhf iteathflt,tkb 
rdflhfnt,b&  rehcjhbc vb.dfybcfc ths-ths vjybiyek 
fnjvpt ~lf fhf cnhemnehbc ibuybs^ hjujhw fvfc flubkb 
/mjylf ghjuhfvfib ChemDraw` bub bwdkbc cf[tc lf bqt,c 
bcht,bc vmjyt ]dhbc ajhvfc& fvfcsfyfdt^ vjybidybc 
cbv,jkjt,b - ufeathflt,tkb rdflhfnt,b^ itbatht,f 
ifdfl& sfueyfc qbkfrpt sbsbc lfzthbs itcf’kt,tkbf vbcb 
ufflubkt,f XY-cb,hn.tib& 

 
vjktrekbc XY-cb,hn.tib nhfycajhvfwbf itcf’-

kt,tkbf qbkfrbc  uffmnbeht,bs& fvfcsfyfdt fh fhbc 
cfzbhj vjktrekbc obyfcofhb vjybidyf& fqybiyek ht;bvib 
rehcjhb [lt,f cgtwbabehb lf vfc jhbdt v[hblfy bcht,bs 
itvjcfpqdhekb hrfkbc ajhvf fmdc&  vjktrekbc itvj,-
heyt,bcfdsbc eylf xfdfnfhjs itvltub vjmvtlt,t,b% 

1& vbdb.dfyjs sfueyfc qbkfrb vjktrekbc ibuf 
cbdhwtib lf lfdforfgeyjs& rehcjhbc lforfgeyt,bc 
flubkpt ufxylt,f obstkb oht ibu xf[fnekb ]dhbs& 
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tc othnbkb vbesbst,c vjktrekbc itvj,heyt,bc 
wtynhc& 
2& rehcjhb vbdb.dfyjs vjktrekbc ths-ths tkt-
vtynsfy ~fnjvb^ ,vf`& rehcjhb vbbqt,c vj[hbkb 
jhsfdbfyb bchbc ajhvfc& lfdfodts sfueyfc qbkfrc 
lf sbsbc feqt,kfl ufdfvj’hfdjs bub& vjktrekf 
lfbo.t,c itvj,heyt,fc& fvfcsfyfdt^ obstkb [fpt,bs 
lfb[fnt,f res[t rehcjhbc f[fk^ ,heydbc wtynhcf 
lf rehcjhbc cfo.bc othnbkt,c ijhbc& bmdt ufvjx-
ylt,f itvj,heyt,bc res[bc hbw[dbsb vybidytkj,fw& 

 
ghjuhfvf ChemSketch-ib itcf’kt,tkbf fuhtsdt 

XYZ-nhfyajhvfwbf ~cbdhwtib nhfycajhvfwbf`& fvbcfsdbc 

ufvjb.tyt,f qbkfrb &  
vjktrekbc cbdhwtib 

itvjnhbfkt,bcfsdbc 
cfzbhj fh fhbc vbcb obyfc-
ofhb vjybidyf& cfrvfhbcbf 
rehcjhb vbdb.dfyjs vjkt-
rekbc ths-ths tktvtynpt 
lf sfueyf dfvj’hfdjs  
vfhw[tyf qbkfrpt lfzt-
hbk vlujvfhtj,fib& vj-
ktrekf itvj,heylt,f cbd-
hwtib ~yf[& 35`& 

ufhlf fqybiyekb 
nhfycajhvfwbt,bcf^ ghjuhfvf ChemSketch cfiefkt,fc 
udf’ktdc xfnfht,ekb bmyfc c[df nbgbc ufhlfmvyt,bw& 

yf[& 35& ghjuhfvf 
ChemSketch-ib  
vjktrekbc cbdhwtib 
nhfycajhvfwbf% 
vfhw[ybd vjwtvekbf  
cfo.bcb vjktrekf^  
vfh]dybd – cbdhwtib 
itvj,heyt,ekb 
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fqybiyekb nhfycajhvfwbt,b nfhlt,f vjktrekbc ,vt,bc 
vb[tldbs^ vfuhfv nhfycjhvfwbbc itltub dhwtklt,f 
vskbfy vjktrekfpt& se cfzbhjf v[jkjl kjrfkehb 
nhfycajhvfwbf^ vfiby eylf vjbybiyjc v[jkjl itcf,vbcb 
ahfuvtynb lf vfcpt xfnfhltc ufhlfvmvyt,b& 

dsmdfs vjwtvekb udfmdc itvltub cf[bc vjktrekf% 

 
nhfycajhvfwbt,b xfdfnfhjs jdfkbs itvj[fpek 

,vfpt itvltub qbkfrt,bc ufvj.tyt,bs% 

dbhxtds ths-ths qbkfrc       & 

  rehcjhb vbud.fdc ptvjsvjybiyek ,vfpt lf sfueyfc 
vfhw[tyf qbkfrpt dforfgeyt,s& nhfycjhvfwbt,bc itltut,b 
vjwtvekbf w[hbkbc cf[bs% 

 

qbkfrb aeymwbf itltub 

 

,vf bqt,c /jhbpjy-
nfkeh vluj-
vfhtj,fc& vfcsfy 
thsfl itvj,hey-
lt,f vstkb vjkt-
rekf 

 

 

,vf bqt,c dthnbrf-
keh vlujvfhtj,fc& 
vfcsfy thsfl 
itvj,heylt,f 
vstkb vjktrekf 
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qbkfrb aeymwbf itltub 

 

vjktrekf ufhlfb-
cf[t,f ,vfpt ufvf-
dfkb qth’bc vbvfhs  

 

 

vjktrekf ufh-
lfbcf[t,f /jhb-
pjynfkehb qth’bc 
vbvfhs ~se trhfypt 
hfvjltybvt cnhem-
nehff^ vfiby fewb-
kt,tkbf vskbfyb 
vjktrekbc vjybidyf` 

 

 

vjktrekf 
ufhlfbcf[t,f 
dthnbrfkehb 
qth’bc vbvfhs ~se 
trhfypt hfvjltybvt 
cnhemnehff^ vfiby 
fewbkt,tkbf 
vskbfyb vjktrekbc 
vjybidyf` 

 

 

4& <BPTC UHFABREKB TKTVTYNT<BC 
UFVJ>TYT<F 

mbvbehb ajhvekt,bcf lf htfmwbt,bc sdfkcfxbyjl 
ufajhvt,bcfsdbc [ibhfl fewbkt,tkbf utjvtnhbekb 
tktvtynt,bc ufvj.tyt,f^ hjujhbwff vfufkbsfl bcht,b^ 
tktmnhjyekb jh,bnfkt,b^ obht,b^ htfmwbbc rbytnbrehb 
ghjabkt,b^ utjvtnhbekb abueht,b& vfs ufvj.tyt,fc 
ufhlf lbpfbybcf^ [ibhfl mbvbehb lfndbhsdfw uffxybf&  

fvbnjv^ mbvbehb cnhemneht,bc uhfabrekb htlfm-
njht,bc cfiefkt,bs fctdt itcf’kt,tkbf uhfabrekb 
tktvtynt,bc fut,fw& 
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4&1& UTJVTNHBEKB TKTVTYNT<BC 
UFVJ>TYT<F GHJUHFVF CHEMDRAW-IB 

ghjuhfvfib ufsdfkbcobyt,ekbf itvltub cf[bc 
utjvtnhbekb tktvtynt,bc itmvyf% 

 bcht,bc fut,bc bycnhevtynb 

 utjvtnhbekb abueht,bc ~vfhs[es[tlt,b^ 
ohtt,b^ ahx[bkt,b` bycnhevtynb 

 hrfkt,bc bycnhevtynb 

 bycnevtynb #rfkfvb@ 
gbhdtkb cfvb bycnhevtynbc qbkfrpt mdtlf vfh-

]dtyf res[tib ufvjcf[ekbf vfh]dybd vbvfhsekb vemb bcf-
hb^ hfw vbesbst,c lfvfnt,bsb afy]hbc uf[cybc itcf’kt,-
kj,fc& sbsjtek vfsufypt sbsbc lfzthbs ufbikt,f afy-
]fhf^ hjvtkibw cfiefkt,f udfmdc fdfhxbjs bchbc rjyrht-
nekb ajhvf& ithxtdbcfsdbc sfueyf eylf uflfdfflubkjs 
sbsbc feqt,kfl cfcehdtk j,btmnfvlt& ithxtdf vj[lt,f 
sbsbc fqt,bc vjvtynib& bcht,bc bycnhevtynb itbwfdc 
c[dflfc[df cbcmbc rjynehbc^ c[dflfc[df vbvfhsekt,bcf lf 
c[dflfc[df res[bs vj[hbk bcht,c ~yf[& 36`& 

fyfkjubehfl^ hrfkt,bc vjo.j,bkj,bc uffmnbeht-
,bcfc itcf’kt,tkbf fdbhxbjs c[dflfc[df res[bs vj[hbkb 
hrfkb& bcht,bcf lf hrfkt,bc ufvj.tyt,f [ibhfl cfzbhj 
[lt,f tktmnhjyekb qhe,kt,bc uflfyfobkt,bc ufvjcf[-
dbcfsdbc^ hjujhw tc mdtvjsff yfxdtyt,b% 

NH2
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vfhsres[tlt,bcf lf ohtobht,bc fut,f cfrvfjl 
vfhnbdbf lf c[df uhfabrekb ghjuhfvt,ib fyfkjubehb 
tktvtynt,bc fut,bc vcufdcbf& 

vbe[tldfl hrfkt,bcf lf bcht,bc vhfdfkb cnfy-
lfhnekb vj[fpekj,bcf^ pju]th fh fhbc itcf’kt,tkb 
xdtysdbc cfcehdtkb rjynehbc fut,f& rjyneht,bc fut,bc 
v’kfdh cfiefkt,fc ofhvjflutyc #sfdbceafkb rfkfvb@^ 
hjvtkbw obhbc fut,bcfcsdbc b.tyt,c ,bptc rhfkt,c& 
fqybiyekb bycnhevtynb itlbc ghfmnbrekfl .dtkf 

uhfabrek ghjuhfvfib CorelDraw, PhotoShop lf c[df& 
vjrktl itdt[js #sfdbceafkb rfkvbc@ veifj,bc 

ghbywbgc& vbcb cfiefkt,bs itcf’kt,tkbf hrfkt,bc ufd-
kt,f jh othnbkc ijhbc& hrfkbc ghjabkbc ithxtdf lf 
dfhbht,f ofhvjt,c othnbkt,pt ufvfdfkb v[t,t,bc 

yf[& 36& ghjuhfvf ChemDraw-ib bcht,bc ajhvbc fhxtdbc 
lbfkjuehb afy]fhf  

yf[& 37& ,bptc hrfkt,bc fut,f  
#sfdbceafkb rfkvbc@ cfiefkt,bs 
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uflfflubkt,bs ~yf[& 37`& hrfkbc vjvhudfkt,bc ghjab-
kbcf lf res[bc wdkbkt,bcfsdbc sfueyfc rehcjhb^ hj-
vtkcfw [tkbc ajhvf fmdc^ vbdb.dfyjs v[t,bc ,jkjt,ib 
vjsfdct,ek vemb athbc rdflhfnt,pt^ lfdfzbhjs vfhw[tyf 
qbkfrc lf sfueyf ufdfwehjs cfcehdtkb  vbvfhsekt,bs& 
v[t,bc cbuh’bcf lf lf[hbc res[bc wdkbkt,bc itcf,fvbcfl 
itbwdkt,f obhbc ghjabkbw&  

obhbc uhfabrekb ufvjcf[ekt,bc dfhbht,f itcf’-
kt,tkbf ghjuhfvbc vtybelfy Curves ~obhb`& bvbcfsdbc hjv 
cfiefkt,f udmjyltc ufvjdb.tyjs vtybec Curves ~obhb` 
,h’fyt,t,b^ cfzbhjf dbv.jat,jlts #sfdbceafkb rfkvbc@ 
ht;bvib& fv ht;bvib .jaybc lhjc obhb .jdtksdbc 
vjybiyekbf& fvbnjv vtybelfy yt,bcvbthb ,h’fyt,bc ufwtvf 
vfibydt fbcf[t,f fut,ek obhpt&  

vtybe Curves-cb ,h’fyt,t,bf% 
plain - obhbc ufvjcf[df xdtekt,hbdb [fpbs 
dashed - obhbc ufvjcf[df geymnbhekb [fpbs 
Bold - obhbc ufvjcf[df vemb [fpbs 
Arrow at start - obhbc lfo.t,f bchbs 
Arrow at end - obhbc lf,jkjt,f bchbs 
Half arrow at start - obhbc lfo.t,f thsahsbfyb 

bchbs 
Hakf arrow at end - obhbc lf,jkjt,f thsahsbfyb 

bchbs 
Closed - itrhekb obhbc fut,f ~obhbc fut,bcfc sfdb-

cbs brdht,f sfdb lf ,jkj` 
Filled - obhbc fut,bcfc vbqt,ekb itrhekb rjy-

nehbc ibuybs fhct,ekb cbdhwt itathfl-
lt,f& 
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4&2& UTJVTNHEKB TKTVTYNT<BC 
UFVJ>TYT<F GHJUHFVF CHEMSKETCH-IB 

ghjuhfvf ChemSketch fqzehdbkbf eahj vlblfhb 
uhfabrekb tktvtynt,bc fut,bc cfiefkt,bs^ dblht ghju-
hfvf ChemDraw& ghjuhfvf^ hjujhw otcb^ veifj,c jh 
ufyc[dfdt,ek ht;bvib% cnhemneht,bc fut,bcf lf uhfab-
rek ht;bvib& itcf,fvbcb ht;bvt,bc uflfhsdf [lt,f vfh-
w[tyf ptlf res[tib lfvjynf;t,ekb cgtwbfkehb qbkf-
rt,bs ~yf[& 38`& 

[fndbc ht;bvbc uflfhsdbcf-
sdbc cfzbhjf ufdffmnbehjs qbkfrb 
Draw ~[fndf`& vbcb uffmnbeht,bc 
itvltu itdybiyfds^ hjv ghjuhfvbc 
bynthatbcb vybidytkjdyfl itbwd-
kt,f& rth’jl^ trhfyblfy ufmht,f 
cnhemneht,bc fut,bcfsdbc cfzbhj 
qbkfrt,b^ lf vfs flubkc lfbrfdt,c 
utjvtnhbekb tktvtynt,bc fut,bcf 
lf vfsb nhfycajhvfwbt,bcfsdbc cf-
zbhj qbkfrt,b& Draw ~[fndf` ht;bv-
ib ‘bhbsflb vjo.j,bkj,t,bc gf-

kbnhfpt udfmdc obhbc^ hrfkbc^ nt[bkbc^ rkfrybkb obhbc^ 
ohbc^ vfhsres[tlbc^ ,kfudres[tt,bfyb vfhsres[tlbc lf 
c[df qbkfrt,b& fmdt fhbc ntmcnbc itnfybc qbkfrbw& 
sbsjtekb vfsufybc ufhxtdf vtnfl vfhnbdbf qbkfrt,bc 
itcf,fvbcb yf[fnt,blfy ufvjvlbyfht& 

yf[& 38& [fndbc 
ht;bvbc uflfcfhsfdb 
qbkfrb ghjuhfvf 
ChemSketch-ib 
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5& CFVUFYPJVBKT<BFYB  
UHFABREKB GHJUHFVT<B 

~3D-UHFABRF` 
 
cfvufypjvbkt,bfyb ~cbdhwekb` cnhemneht,bc 

fut,f cfiefkt,fc udf’ktdc vjktrekbc fqyfuj,bc itcf[t, 
udmjyltc eahj chekb lf sdfkcfxbyj ofhvjlutyf& bub 
lqtbcfsdbc cek eahj lf eahj gjgekfhekb [lt,f^ 
dbyfblfy lbl lf[vfht,fc eotdc mbvbrjct,c jgnbrehb 
bpjvthbbc^ cnthtjhtuekfhekb cbystpbc lf c[df vcufdcb  
fvjwfyt,bc uflfo.dtnfib& wyj,bkbf^ hjv ,bjkjubehfl 
fmnbeh yfthst,c ofhvjflutyty cnthbekfl vrfwhfl 
ufycfpqdhekb cnhemnehbc vmjyt yfthst,b& vfs cbystpcf 
lf itcofdkfib cfvufypjvbkt,bfyb uhfabrekb ghjuhfvt,b 
cek eahj lf eahj qhvfl thsdt,bfy& ufhlf fvbcf^ cfvufy-
pjvbkt,bfyb cnhemneht,bc fut,bc ufhtit ite’kt,tkbf 
mdfyneh-mbvbehb uffyufhbit,t,bcf lf vjltkbht,bc fvjwf-
yt,bc uflfo.dtnf ~fv erfyfcrytkt,pt mdtvjs bmyt,f 
cfe,fhb`& 

cfvufypjvbkt,bfyb vjktrekt,bc fut,f itcf’kt,t-
kbf hfvjltybvt ghjuhfvbc cfiefkt,bs& vfsufy xdty ufydb-
[bkfds jh ghjuhfvfc% 3D Viewer (gfrtnb ACD Labs) lf 
Chem3D (gfrtnb Chem Office )& 
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5&1& 3D-UHFABREKB CNHEMNEHT<BC 
FUT<F ACD LABS GTRTNBC CFIEFKT<BS 

Acd Labs gfrtnbc cfiefkt,bs cfvufypjvbkt,bfyb 
cnhemneht,bc fut,f vjbs[jdc jhb jgthfwbbc itc-
hekt,fc% ]th fbut,f jhufypjvbkt,bfyb cnhemnehf^ 
[jkj itvltu ofhvjt,c vbcb nhfycgjhnbht,f ghjuhfvf 3D 
Viewer-ib& fv erfyfcrytkib rb jhufypjvbkt,bfyb cnhem-
nehf ufhlfbmvyt,f cfvufypjvbkt,bfyfl&  

 
ghjuhfvf 3D Viewer-bc bynthatbcb vjwtvekbf yf[& 

39-pt& bub itlbc ghjuhfvek gfrtnib Acd Labs-ib& 
hjujhw erdt b.j fqybiyekb^ sdbs ghjuhfvf 3D Viewer-ib 

yf[& 39& ghjuhfvf 3D Viewer-bc bynthatbcb 
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cnhemnehbc fut,f fh [lt,f& bub f[jhwbtkt,c jhufy-
pjvbkt,bfyb cnhemnehbc bvgjhnc ghjuhfvblfy 
ChenSketch& vbcb ufvj’f[t,f ghjuhfvblfy 3D Viewer itcf’-
kt,tkbf trhfypt vfhw[tyf mdtlf res[tib vjsfdct,ekb 
qbkfrbc ChemSk-bc uffmnbeht,bs ~yf[& 39`& vfcpt sfueyfc 
qbkfrbc lforfgeyt,f ufeidt,c ghjufhfvfc ChemSketch  
~cnhemnehbc fut,f ufy[bkekbf § 3&2&^ ud& 37`& cnhemne-
hbc fut,bc lfchekt,bc itvltu cfzbhjf vbcb tmcgjhnbht,f 
ChemSketch-lfy 3D Viewer-ib& fvbcfsdbc eylf uffmnbeh-
ltc ChemSketch-bc vfhw[tyf mdtlf res[tib ufysfdct,ekb 
qbkfrb Copy to 3D ~rjgbht,f 3D-ib` uffmnbeht,bs*& 

cfvufypjvbkt,bfyb cnhemnehf itcf’kt,tkbf ofh-
vjlubyltc c[dflfc[df dbpefkehb ufvjcf[dbc cfief-
kt,t,bs& dbpefkehb ufvjcf[ekt,bc wdkbkt,bcfsdbc 
ufvjb.tyf,f vtybe View ~xdtyt,f`& vjktrekf itcf’kt,tkbf 
ufvjcf[ekb b.jc xjx[bc ~Wireframe`^ orbht,bc ~Sticks`^ 
,bhsdt,bcf lf orbht,bc ~Balls & Sticks`^ othnbkt,bc ~Dots 
only`^ lbcrjt,bc ~Disks`^ cbwfhbtkt itdct,ekb ~Spacefill` 
cf[bs& eahj vtnb cbw[flbcfsdbc fybkbybc vjktrekf 

fdfujs c[dflfc[df ajhvbs ~yf[& 41`& 

                                                 
* fqybiyekb qbkfrt,b trhfypt xfyc v[jkjl bv itvs[dtdfib^ se ghj-

uhfvf ChemSketch ufvj’f[t,ekbf ghjuhfvblfy 3D Viewer& ChemSketch-bc 
fdnjyjvbeh ht;bvib ufidt,bcfc tc qbkfrt,b fh xfbndbhst,f& 

yf[& 40& 2-vtsbk-3-ybnhj-ghjgfy-1-jkbc 
vjktrekf& ufvjcf[ekbf ,bjhsdt,bcf lf 
orbht,bc cfiefkt,bs 
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f[kf 2-vtsbk-3-ybnhj-ghjgfy-1-jkbc rjyrht-

nek vfufkbspt ufydb[bkjs cfvufypjvbkt,bfyb cnhem-
nehbc fut,f% 

Start-bc qbkfrblfy ufdeidfs ghjuhfvf 3D Viewer& 
vfhw[tyf mdtlf res[tib vjsfdct,ekb qbkfrblfy ChemSk 
~yf[& 39` ufvjdb’f[js ghjuhfvf ChemSketch lf fdfujs 
2-vtsbk-3-ybnhj-ghjgfy-1-jkbc jhufypjvbkt,bfyb 
cnhemnehf^ hjujhw vjwtvekbf § 3&2& ~ud&37`& fut,bc 
lfchekt,bc itvltu ufdffmnbehjs qbkfrb Copy to 3D 
~rjgbht,f 3D-ib`& trhfypt [tkf[kf xfbndbhst,f ghjuhf-
vf 3D Viewer, hjvtkbw 2-vtsbk-3-ybnhj-ghjgfy-1-jkc 

yf[& 41&  fybkbybc vjktrekbc  c[dflfc[dfudfhb cfvufypjvbkt,bfyb 
cnhemneht,b 
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ofhvjudblutyc cfvufypjvbkt,bfyb cnhemnehbc cf[bs ~yf[& 
40`&  

ghjuhfvf 3D Viewer-bc cfiefkt,bs itcf’kt,tkbf 
ofhvjlutybkb cfvufypjvbkt,bfyb cnhemnehbc pjvt,bc 
wdkbkt,f& vtybec Options ~fhxtdfyb` ,h’fyt,f Increase by 
5% radii ~hflbecbc 5)-bs uflblt,f` tvcf[eht,f 
cnhemnehbc uflblt,fc 5)-bs& fyfkjubehb tatmnb fmdc 
sfueyfc qbkfrbc lforfgeyt,fc itcf,fvbcb ,h’fyt,bc 

gbmnjuhfvfpt & fqybiyek gbmnjuhfvfpt .jdtkb 
lforfgeyt,f cnhemnehfc ufphlbc 5)-bs& cfgbhbcgbhj 
vjmvtlt,f uffxybf ,h’fyt,fc Decrease by 5% radii 
~hflbecbc 5)-bs itvwbht,f`^ hjvtkbw bvfdt vtybeib fhbc 

vjsfdct,ekb& vbcb itcf,fvbcb gbmnjuhfvf rb fhbc & 
fut,ekb cnhemnehbc sfdbceafkb itvj,heyt,f 

cbdhwtib itcf’kt,tkbf sfueyfc cfiefkt,bs& lfdfzbhjs 
vfhw[tyf qbkfrc lf sbsbc feqt,kfl dfvj’hfdjs sfueyf 
cfcehdtkb vbvfhsekt,bs& xdtyb .jdtkb vj’hfj,bc 
fltmdfnehfl trhfypt itvj,heylt,f vjktrekf& fqybi-
yekb jgthfwbf cfcfhut,kjf lblb pjvbc vjktrekt-
,bcfsdbc^ hfsf vj[ltc vjktrekbc #lfsdfkbtht,f@ .jdtkb 
v[hblfy& lbl vjktrekt,ib [ibhfl erfyf gkfypt 
ufysfdct,ekb fnjvt,b fh xfyc& se ufdffmnbeht,s 
,h’fyt,fc Auto Rotate ~fdnjvfnehb ,heydf`^ hjvtkbw vj-
sfdct,ekbf vtybeib Tools ~vjo.j,bkj,t,b`^ vfiby vjkt-
rekf lfbo.t,c sfdbceafk ,heydfc itvs[dtdbsb vbvfhse-
kt,t,bs& bvfdt vtybeib ufysfdct,ekb ,h’fyt,f Auto Rotate 
& Chenge Style ~fdnjvfnehb ,heydf lf cnbkbc wdkb-
kt,f` bodtdc vjktrekbc sfdbceafk ,heydfcf lf 
cnhemnehbc ufvjcf[dbc ajhvbc wdkbkt,fc& 

trhfypt ufvjcf[ekb cfv ufypjvbkt,bfyb cnhem-
nehbc fqmvfc cgtwbfkehb #vbxdtdf@ tcfzbhjt,f& cfvufp-
vj,bkt,bfy cnhemnehek vjltkt,pt tktvtynt,bc ufh-
xtdf ‘bhbsflfl ofhvjt,c atht,bc vb[tldbs& yf[ibh,flbc 
fnjvb ufvjbcf[t,f wbcathb athbs^ o.fk,flb – stshbs^ 
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;fyu,flb - obstkbs^ fpjnb - keh]bs^ ujubhlb obstkbs^ 
/fkjutyt,b - dthw[kbcathbs lf f& i&  

vjv[vfht,tkc fmdc cfiefkt,f sfdbcb cehdbkbc 
vb[tldbs wdfkjc tktvtynt,bc ufvjcf[dbc athb& fvbcfsdbc 
ufvjb.tyt,f ,h’fyt,f Colors ~atht,b`^ hjvtkbw vjsfdct-
,ekbf vtybeib Options ~fhxtdfyb`& fqybiyekb ,h’fyt,bc 
uffmnbeht,bc itvs[dtdfib trhfypt ufvjyfslt,f lbfkjubc 
afy]fhf ~yf[& 42`^ hjvtkbw jh xfhxjc vjbwfdc& ptlf 

xfhxjc cfiefkt,bs 
ofhvjt,c athbc ithxtdf 
vjltkbc afy]hbc aj-
ybcfsdbc ~Background` 
lf vjybiyekb ~Selec-
tion` j,btmnbc athbcf-
sdbc& eiefkjl athbc 
ithxtdf ofhvjt,c vfs 
vfh]dybd vjsfdct,ekb 
xfvjcfiktkb afy]ht-
,blfy&  

mdtlf xfhxj- Ele-
ments ~tktvtynt,b` 
ufyresdybkbf tktvty-
nt,bc athbc vbybzt,b-
cfsdbc& vfhw[ybd vjsfd-
ct,ekb xfvjcfiktkb 
afy]hbc cfiefkt,bs 

ofhvjt,c tktvtynbc ithxtdf& yec[fib tktvtynt,b lf-
kfut,ekbf hbuj,hbdb yjvhbc vb[tldbs& se xfdhsfds xfv-
hsdtkc Alphabeical Order ~fy,fyehb hbub`^ vfiby 
tktvtynt,b fy,fybc vb[tldbs lfkfult,bfy& vfh]dybd 
vjsfdct,ekb xfvjcfiktkb afy]fhbc lfybiyekt,ff athbc 
ithxtdf& fmdt fqdybiyfds^ hjv tktvtynbc dfhbht,bcfc 
itcf,fvbcfl bwdkt,f athbw^ hfw cfiefkt,fc udf’ktdc 
ufdtwyjs fvf se bv tktvtync hjvtkb athb ittcf,fvt,f& se 
xdty itdwdkbs athc^ vfiby vfc vfymfyf lfbvf[cjdht,c lf 
itvlujvb cnhemneht,bc fut,bcfc tc athb bmyt,f 
ufvj.tyt,ekb&  

yf[& 42& tktvtynt,bc  athbc ithxtdbc 
lbfkjubc afy]fhf ghjuhfvf 3D 
Viewer-ib 
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fut,ekb cfvufypjvbkt,bfyb cnhemnehbc htfkeh 
cnhemnehfcsfy ertstcb vbf[kjt,bc vbpybs cfzbhjf vbcb 
jgnbvbpfwbf& jgnbvbpfwbbc vbqotdf itcf’kt,tkbf 

,h’fyt,bc 3D Optimization ~3D jgnbvbpfwbf` ufvj.tyt,bs^ 
hjvtkbw vjsfdct,ekbf vtybeib Tools ~vjo.j,bkj,t,b`& 

fqybiyekb ,h’fyt,bc njkafcjdfybf qbkfrpt  lfo-
rfgeyt,f& jgnbvbpfwbbc itvltu cnhemnehfc lftvfnt,f 
o.fk,flfnjvt,b lf mbvbehb ,vt,bc cbuh’tt,b lf ,vbc res-
[tt,b ufenjklt,f stjhbek vybidytkj,t,c& yf[& 43-pt 
vfhw[tyf vjltkb ittcf,fvt,f fhfjgnbvbpbht,ek cnhem-
nehfc^ [jkj vfh]dybd vjwtvekbf bubdt vjktrekbc 
vjltkb^ hjvtkbw vbbqt,f jgnbvbpfwbbc itltufl& 
itdybiyjs^ hjv jgnbvbpbht,ek cnhemnehfc lfvfnt,ekb 
fmdc o.fk,flfnjvt,bw& 

 

5&2& 3D-UHFABREKB CNHEMNEHT<BC 
FUT<F CHEM 3D-C CFIEFKT<BS 

cfvufypjvbkt,bfyb cnhemneht,bc fut,bc fctdt 
v’kfdhb cfiefkt,f fhbc ghjuhfvekb gfrtnb Chem Office^ 
rth’jl rb fv gfrtnib itvfdfkb ghjuhfvf Chem 3D& bub 
itmvybkbf cgtwbfkehfl vjktrekt,bc vjltkbht,bcfsdbc& 
fqybiyekb ghjuhfvf  fthsbfyt,c cfvufypjvbkt,bfyb 

yf[& 43& fhfjgnbvbpbht,ekb ~vfhw[ybd` lf jgnbvbpbht,ekb 
~vfh]dybd` thsb lf bubdt cnhemnehf 
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cnhemnehbc fut,bc^ vbcb fyfkbpbcf lf uffyufhbit,t,bc 
cfiefkt,t,c& fyfkbpbcf lf ufvjsdkbsb mbvbbc cfo.bct,b 
ufy[bkekb bmyt,f itvltu sfdt,ib ~b[& sfdb 7&`& fv;fvfl 
ufdtwyjs v[jkjl cfvufypjvbkt,bfyb cnhemneht,bc 
fut,bc vtsjlt,c& 

ghjuhfvbc bynthatbcb vjwtvekbf yf[& 44-pt& bub 
itlut,f vjltkbc afy]fhbc^ vtybec^ ‘bhbsflb vjo.j-
,bkj,t,bc gfkbnhbcf lf c[df lfv[vfht qbkfrt,bcfufy&  

ghjuhfvf Chem 3D-ib cfvufypjvbkt,bfyb cnhem-
nehbc fut,f itcf’kt,tkbf cfvb vtsjlbs&   

gbhdtkb vtsjlb .dtkfpt vfhnbdb vtsjlbf lf ufvj-
b.tyt,f vfhnbdb cnhemneht,bc fcfut,fl& fut,bcfsdbc ufvj-
b.tyt,f ntmcnehb fut,bc vjo.j,bkj,f& bub vjsfdct,ekbf 
‘bhbsflb vjo.j,bkj,t,bc gfkbnhfpt ~yf[& 45`&  

ntmcnehb fut,bc vjo.j,bkj,bc fhxtdbc itvltu 
lfdforfgeyjs vjltkbc fut,bc afy]fhfib& trhfypt 
ufvjxylt,f ntmcnbc itnfybc afy]fhf& xfdothjs vfcib 

cnhemnehekb ajhvekf lf lfcfchekc lfdfodts qbkfrc 
Enter& vjltkbc afy]fhfib ufmht,f #ntmcnehb@ ajhvekf 

yf[& 44& ghjuhfvf Chem 3D-c bynthatbcb 
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lf vbc yfwdkfl fbut,f cfvufypjvbkt,bfyb vjltkb& 
ntmcneh afy]fhfib cnhemnehekb ajhvekbc xfothfc 
ufhrdtekb rfyjypjvbtht,bc lfwdf czbhlt,f^ hfsf vfymfyfv 
bub rjhtmnekfl fqbmdfc lf ffujc itcf,fvbcb 
cfvufypjvbkt,bfyb vjltkb& vfufkbsfl^ ,typjkbc vjkt-
rekbc fut,bcfsdbc ufvjb.tyt,f #C6H6@^ njkejkbc - 
#C6H5CH3@^ wbrkjgtynfybc - #(CH2)5@ lf f&i& fldbkb vb-
cf[dtlhbf^ hjv itlfht,bs hsekb cnhemnehbc vjltkbc 
fut,f fqybiyekb vtsjlbs ‘kbth ufzbhlt,f lf vstk hbu 
itvs[dtdt,ib ite’kt,tkbw bmyt,f& 

vtjht vtsjlbs  cnhemnehbc vjltkbc fcfut,fl 
ufvjb.tyt,f mbvbehb ,vt,bc vjo.j,bkj,t,b& fybkbybc  
vjktrekbc fcfut,fl ‘bhbsflb vjo.j,bkj,t,bc gfkbn-
hblfy vjyfwdktj,bs fdbhxbjs jhvfub lf thsvfub ,vbc 
fut,bc vjo.j,bkj,f lf vfsb cfiefkt,bs fdfujs 
#tmdcres[tlb@& vbqt,ekb cnhemnehf bmyt,f ,typjkbc 
vjltkb& rdkfd fdbhxbjs thsvfub ,vbc fut,bc vjo.j,bkj,f 
lf ,typjkbc vjktrekbc yt,bcvbth yf[ibh,flfnjvsfy 
lfdfrfdibhjs& vbqt,ekb njkejkbc vjktrekf hjv 
ufhlfbmvyfc fybkbybc vjktrekfl^ cfzbhjf udthlbs 
xjyx[ib fhct,ekb yf[ibh,flfnjvb ~erfyfcrytkfl fut,e-
kb` itbwdfkjc fpjnbc fnjvbs& fvbcfsdbc fdbhxbjs ntmc-
nehb fut,bc vjo.j,bkj,f lf vbdef[kjdjs bub vfc& reh-
cjhsfy ufvjyfslt,f gfnfhf itn.j,byt,bc afy]fhf^ 

yf[& 45& ghjuhfvf Chem3D-c  ‘bhbsflb vjo.j,bkj,t,bc 
gfkbnhf 
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hjvtkbw fqothc fnjvbc udfhj,fcf ~yf[ibh,flb^ o.fk,flb^  
fpjnb lf f&i&` lf ,eyt,fc ~vfu& cgbhnekb o.fk,flb^ fvbybc 
o.fk,flb^ fhjvfnekb o.fk,flb lf f&i&`& lfdforfgeyjs 
ths[tk& ufvjxylt,f ntmcnbc itnfybc afy]fhf lf vfcib 
itdbnfyjs cbv,jkj N& vtsbkbc hflbrfkb ufhlfbmvyt,f 
fvbybc hflbrfkfl& 

vtcfvt vtsjlb ofhvjflutyc  cfvufypjvbkt,bfyb 
cnhemnehbc fut,bc bhb, vtsjlc& fye ]th fbut,f jhufy-
pjvbkt,bfyb cnhemnehf^ [jkj itvltu vbc cfae’dtkpt 
cfvufypjvbkt,bfyb& jhufypjvbkt,bfyb vjltkbc fut,f 
ofhvjt,c ghjuhfvfib ChemDraw^ hjujhw tc fqothbkb 
b.j obyf sfdt,ib ~b[& §  3&1&^ ud& 30`& vjltkbc fut,bc itvltu 
vjdybiyjs cnhemnehf lf ufdffmnbehjs ,h’fyt,f Copy 
~rjgbht,f`^ hjvtkbw vjsfdct,ekbf vtybeib Edit ~htlfm-
nbht,f`& fvbc itvltu ufdeidfs ghjuhfvf Chem 3D lf 
ufdffmnbehjs ,h’fyt,f Paste ~xfot,t,f`& ,eathek 
vt[cbtht,fib lfvf[cjdht,ekb jhufypjvbkt,bfyb vjltkb 
Chem 3D-ib fbut,f cfvufypjvbkt,bfyfl& 

 
  
 
 

5&3& NHFYCAJHVFWBT<B 
CFVUFYPJVBKT<BFY VJLTKT<PT 
cfvufypjvbkt,bfyb cnhemneht,b itcf’kt,tkbf 

ofhvjlutybkb bmyfc c[dflfc[df ajhvbs& vjltkbc ufvj-
cf[dbc ajhvbc dfhbht,f ofhvjt,c xfvjcfiktkb yec[blfy 
~yf[& 46`& cnhemnehf itcf’kt,tkbf ofhvjlutybkb bmyfc 
xfhxjc ~Wire Frame`^ orbht,bc ~Sticks`^ ,bhsdt,bcf lf 
orbht,bc ~Ball & Sticks`^ wbkbylehb ,vt,bc ~Cylindrical 
Bons` lf itdct,ekb cbdhwbc ~Space Filling` cf[bs&  
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vjltkbc afy]hbc ajyb fdnjvfnehfl fqt,ekbf 
keh]b athbc^ sevwf vbcb wdkbkt,f vjv[vfht,tkc ite’-
kbf itcf,fvbc qbkfrpt lforfgeyt,bs ~yf[& 46`& fctdt^ 
vjltkbc xdtyt,bcfc itcf’kt,tkbf cgtwbfkehb iem-
abknht,bc ufvj.tyt,f^ hjvtksf xfhsdf lf uflfhsdf 
ofhvjt,c itcf,vbcb qbkfrtgpt lforfgeyt,bs ~yf[& 46`& 
cfvufypjvbkt,bfy vjltkpt fnjvt,bc udfhj,bc ufhxtdf 
‘bhbsflfl ofhvjt,c atht,bc vb[tldbs& vfuhfv athsf ufvbc 
cbvwbhbc ufvj tktvtynt,bc hfjltyj,fcsfy itlfht,s^ 
vhfdfkb fnjvb thsb lf bubdt athbs ufvjbcf[t,f& fcts 
itvs[dtdfib fewbkt,tkb [lt,f fnjv,bhsdt,pt itcf,fvbcb 
cbv,jkjt,bc lfnfyf^ hjvtkbw itcf’kt,tkbf vfhnbdfl 
ufy[jhwbtkltc itcf,fvbc qbkfrpt lforfgeyt,bs ~yf[& 46`&  
ghjuhfvf Chem 3D vjs[jdybkt,bc vb[tldbs vjktrekfib 
itvfdfkb fnjvt,bc fdnjvfnehb yevthfwbbc cfiefkt,fc b’-
ktdf^ vfuhfv eylf fqbybiyjc^ hjv tc yevthfwbf fh 
tvs[dtdf IUPAC-bc vbth itvjqt,ek yevthfwbfc&  

fut,ekb cnhemnehf itcf’kt,tkbf jgnbvbpbht-
,ekb bmyfc c[dflfc[df vtsjlt,bc ufvj.tyt,bs& .dtkfpt 
evfhnbdtcb vtsjlb fhbc ,h’fyt,bc Clean up structure 
~cnhemnehbc #ufceasfdt,f@` ufvj.tyt,f vtybelfy Tools 
~vjo.k,bkj,t,b`& fqybiyekb ,h’fyt,bc itvltu vjktre-
kbc vjltkib .dtkf ,vbcf lf ,vt,c ijhbc res[bc vybi-
dytkj,f ufenjklt,f stjhbek vybidytkj,fc^ hbc itv-
ltufw vjltkb itlfht,bs eahj erts #ufvjb.eht,f@& 

yf[& 46& ghjuhfvf Chem 3D-c ,h’fyt,t,bc gbmnjuhfvt,b 
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vfuhfv fqybiyekb jgnbvbpfwbf fh fhbc chekafcjdfyb^ 
dbyfblfy  fv lhjc fh [lt,f fnjvsfijhbcb ehsbthsufdkt-
yt,bc ufsdfkbcobyt,f& fv erfyfcrytkbc itchekt,bcfsdbc 
cfzbhjf ufy[jhwbtkltc rdfyneh-vtmfybrehb uffyufhbit-
,t,b& 

cfvufypjvbkt,bfyb cnhemnehbc cbdhwtib nhfyc-
ajhvfwbt,bcfsdbc ufvjb.tyt,f vtybec ,h’fyt,t,b lf 
‘bhbsflb gfkbnhbc  vjo.j,bkj,t,b& cb,hn.tt,bc vbvfhs 
ufhlfcf[dbcfsdbc ufvjb.tyt,f mdtvtybe Reflect ~fcf[df`^ 
hjvtkbw itlbc vtybeib Tools ~vjo.j,bkj,t,b`& cb,hn.bc 
vbvfhs fcf[dbc ,h’fyt,t,b vjwtvekbf w[hbkbc cf[bs% 

 
vtybec ,h’fyt,f lfybiyekt,f 

Reflect througth Y-Z plane uflcf[df Y-Z cb,hn.bc vbvfhs 

Reflect througth X-Z plane uflcf[df X-Z cb,hn.bc vbvfhs 

Reflect througth X-Y plane uflcf[df X-Y cb,hn.bc vbvfhs 

Invert through origin cfresfhb sfdbc vbvfhs 
ufhlfcf[df 

 
 

ghjuhfvf Chem 3D fctdt cfiefkt,fc b’ktdf 
fut,ekb cfvufypjvkt,bfyb vjltkb cbdhwtib itvj,heyt-
,ekb bmyfc yt,bcvbthb res[bs& fvbcfsdbc fhct,j,c hfvj-
ltybvt cfiefkt,f& vjktrekbc sfdbceafkb ,heydbcfsdbc 
eylf uffmnbehltc it,fvbcb vjo.j,bkj,f& sfdbceafkb 
,heydbc gbmnjuhfvfpt sfueyfc lforfgeyt,bc ~yf[& 45` 
itvltu rehcjhb bqt,c [tkbc ajhvfc& sfueyfc vfhw[tyf 
qbkfrpt lfzthbk vlujvfhtj,fib vj’hfj,bcfc vjltkbc 
ufhitvj xylt,f hrfkb^ hjvtkibw vjltkb ufybwlbc 
sfdbceafk ,heydfc sfueyfc uflfflubkt,bc itcf,fvbcfl& 
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vjltkbc ufhrdtekb res[bs dthnbrfkehb  qth’bc 
ufhitvj itvj,heyt,f itcf’kt,tkbf itcf,fvbc qbkfrpt 
sfueyfc qbkfrbc lfzthbs lf /jhbpjynfkehfl uflf-
flubkt,bs& fqybiyekb qbkfrb ~yf[& 47` vjsfdct,ekbf 
vjltkbc afy]hbc vfhw[tyf mdtlf res[tib& fyfkjubehb 
lfybiyekt,f^ vfuhfv dthnbrfkehb qth’bc vbvfhs itvj,-
heyt,fc epheydtk.jac vcufdcb qbkfrb^ hjvtkbw 
vjltkbc afy]hbc vfh]dtyf mdtlf res[tibf vjsfdct,ekb& 
vjltkbc itvj,heyt,f dthnbrfkehb qth’bc ufhitvj [lt,f 
fyfkjubehfl^ vfuhfv fv lhjc ufvjb.tyt,f vjltkbc afy]-
hbc vfh]dtyf ptlf lf mdtlf res[tib vjsfdct,ekb qbkf-
rt,b& 

pjubths itvs[dtdfib cfzbhjf fhf vskbfyb 

vjktrekbc^ fhfvtl vbcb wfkrtekb ahfuvtynbc itvj,he-
yt,f& fcts itvs[dtdfib ufvjb.tyt,f vjltkbc ,vbc vbvfhs  
itvj,heyt,bc vjo.j,bkj,f ~yf[& 47`& vfuhfv eylf fqbybi-
yjc^ hjv fqybiyekb vjo.j,bkj,f fmnbehbf v[jkjl bv 
itvs[dtdfib^ se vjltkbc hjvtkbvt ,vf fhbc vjybiyekb& 

yf[& 47-pt vj.dfybk qbkfrt,pt sfueyfc jh]thflb 
cohfab lforfgeyt,bs fmnbehlt,f f[fkb lbfkjubc afy]f-
hf^ hjvtkibw itcf’kt,tkbf itvjcf,heyt,tkb res[bc 
hbw[dbsb vybidytkj,bc itnfyf& 

vjltkbc dthnbrfkehb qth’bc ufhitvj 
ufhrdtekb res[bs  itvj,heyt,bc qbkfrb 

vjltkbc /jhbpjynfkehb qth’bc ufhitvj 
ufhrdtekb res[bs itvj,heyt,bc qbkfrb 

vjltkbc itvj,heyt,f ufhrdtekb ,vbc vbvfhs 

vjltkbc ufhrdtekb ahfuvtynbc itvj,heyt,f 
hjvtkbvt ,vbc vbvfhs 

yf[& 47& vjltkbc ,heydbc qbkfrt,b ghjuhfvf  Chem 3D-ib& 
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cfvufypjvbkt,bfyb vjltkbc pjvbc dfhbht,f 
itcf’kt,tkbf vfcinf,bht,bc qbkfrbc uffmnbeht,bsf ~yf[& 
45` lf vjltkbc afy]fhfib sfueyfc qbkfrbc lfzthbk 
vlujvfhtj,fib uflfflubkt,bs& fyfkjubehb tatmnt,b 
vbbqotdf F7 lf F8 qbkfrt,bc lfzthbs fy Tools ~vjo.j,b-
kj,t,b` vtybec ,h’fyt,t,bc Magnify ~ufphlf` lf Reduce 
~itvwbht,f` uffmnbeht,bs& 
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6& VFHNBDB CFFYUFHBIJ 
GHJUHFVT<B 

 
 
fhct,j,c efvhfdb ghjuhfvf^ hjvtkybw ufyresdybk-

yb fhbfy vfhnbdb mbvbehb uffyufhbit,t,bcfsdbc& vhfdfkb 
vfsufybc  uffyufhbit,bc itchekt,f itcf’kt,tkbf [tkb-
sfw^ vfuhfv rjvgbenthekb uflfo.dtnbkt,f fyufhbic ea-
hj cohfac lf vj[th[t,ekc [lbc& fqybiyekb ghjuhfvt,bc  
cfiefkt,bs ofhvjt,c htfmwbbc cntmbjvtnhekb rjtab-
wbtynt,bc uffyufhbit,f^ [cyfhbc rjywtynhfwbbc lflutyf fy 
cfcehdtkb rjywtynhfwbbc [cyfhbc vjvpflt,f^ pH-bc vybi-
dytkj,bc fyufhbib lf nbnhfwbfpt lf[fh]ekb 
ybdsbtht,bc hfjltyj,f lf c[df& 

6&1& VJKTREKEHB VFCBC UFYCFPQDHF 
bub ths-thsb .dtkfpt evfhnbdtcb fvjwfyff& vbcb 

uflfzhbcfsdbc fhct,j,c efvhfdb ghjuhfvf^ hjvtksf 
elbltcb yfobkb cfvj.dfhekj ljytpt fhbc lfothbkb& 
ths-thsb .dtkfpt wyj,bkb ghjuhfvf fhbc MolWeighter lf 
EniG. Chemistry Assistant^ hjvtkbw vjktrekehb ajhve-
kbc itnfybc itvltu fyufhbij,c vjktrekeh vfcfc& vfuhfv 
vbc yfrkjdfy v[fhtc ofhvjflutyc bc^ hjv vjktrekbc 
itnfyf itcf’kt,tkbf v[jkjl ,henj-ajhvekbc cf[bs& 
vfcib ite’kt,tkbf yfthst,bc cnhemnehekb ajhvekt,-
pt uffyufhbit,t,bc ufy[jhwbtkt,f& 

vjktrekehb vfcbc uffyfuhbit,bc ufy[jhwbtkt,f 
itcf’kt,tkbf xdtysdbc wyj,bkb bctsb lbl ghjuhfvt,bc 
cfiefkt,bs^ hjujhbwff ChemSketch lf ChemDraw. vfs 
ite’kbfs vjktrekehb vfcf bfyufhbijy yfthsbcfsdbc^ 
hjvtkbw vjwtvekbf hjujhw ,henj^ bct cnhemnehekb 
cf[bs&   
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6&1&1& vjktrkehb vfcbc uffyufhbit,f ghjuhfvbc 
EniG. Chemistry Asissytant cfiefkt,bs 
 
ghjuhfvf EniG.Chemistry Asissytant ofhvjflutyc 

nbgbeh rfkrekfnjhc^ hjvtkcfw lfvfnt,ekb fmdc 
hjujhw vfstvfnbrehb ~fkut,hekb^ nhbujyjvtnhbekb^ 
cnfnbcnbrehb`^ bct mbvbehb aeymwbt,b&  

vbcb cfiefkt,bs vjktrekehb vfcbc uffyufhb-
it,bcfsdbc cfrvfhbcbf yfthsbc ,henj ajhvekbc xfothf& 
vfufkbsfl^ dsmdfs eylf dbfyufhbijs if,bfvybc 
CuSO4·5H2O ~cgbkty’bc cekafnbc gtynf/blhfnbc` vjkt-

cfby;byhj 
rfkrekf-
njhbc 
uflfcfhsf-
db 

[cyfht,bc rjywtynhfwbbc 
fyufhbibc vjo.j,bkj,f 

yf[& 48& ghufhfvf  
EniG.Chemistry 
Assistant-bc 
bynthatbcb 

78 

rekehb vfcf& byajhvfwbbc itnfybc afy]fhfib xfdothjs 
itvltub ntmcnb% #cuso4+5h2o@& vfymfyf tktvtynbc cjv,j-
kjt,c itwdkbc vfsb itcf,fvbcb fnjvehb vfct,bs lf itvltu 
ufyf[jhwbtkt,c fhbsvtnbrek jgthfwbt,c& vbqt,ekb 
itltub fqb,tzlt,f nf,kjpt& itcf’kt,tkbf vbcb ntmcnehb 
ajhvfnbc afbkbc cf[bsfw ityf[df se ufdffmnbeht,s 
ityf[dbc itcf,fvbc ,h’fyt,fc Save ~ityf[df` vtybelfy File 
~afbkb`& 

 

6&1&2& vjktrkehb vfcbc uffyufhbit,f ghjuhfvf 
Chem Sketch-bc cfiefkt,bs 

ghjuhfvf ChemSketch cfiefkt,fc b’ktdf yfthsbc 
vjktrekehb vfcf uffyufhbit,ekb bmyfc cnhemnehekb 
ajhvt,bcfsdbc&  

fdfujs fybkbybc cnhemnehekb ajhvekf ghju-
hfvfib ChemSketch ~b[& § 3&2&^ ud& 37`& se trhfypt vjltkbc 
hfvjltybvt cnhemnehff^ vfiby fewbkt,tkbf cfrdktdb 
vjltkbc vjybidyf&  vjybidybc itvltu ufdffmnbehjs ,h’f-
yt,f Formula Weight ~ajhvekbc vfcf` Tools ~vjo.j,bkj-
,t,b` vtybec Calculate ~fyufhbib` mdtvtybelfy& ,h’fyt,bc 
ufwtvbc itvltu trhfypt ufvjdf lbfkjubc afy]fhf^ 
hjvtkibw vjwtvekb bmyt,f cfrdktdb cnhemnehbc 
vjktrekehb vfcf& yffyufhbit,b vjktrekehb vfcbc 
vjltkbc trhfypt lfcfnfyfl cfrvfhbcbf  fyufhbibc lbfkj-
ubc afy]hbc qbkfrbc Copy to editor ~rjgbht,f htlfmnjh-
ib` uffmnbeht,f& 
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6&1&3& vjktrkehb vfcbc uffyufhbit,f ghjuhfvbc 
Chem Draw cfiefkt,bs 

fdfujs vjktrekbc cnhemnehekb ajhvekf bct^ 
hjujhw ptvjsff fqybiyekb ~b[& § 3&1&^ ud& 30`& 

vjdybiyjs cnhemnehf lf ufdffmnbehjs ,h’fyt,f 
Show analysis window ~fyfkbpbc afy]hbc xdtyt,f`& trhfypt 
ufvjyfslt,f lbfkjubc afy]fhf ~yf[& 49`^ hjvtkbw 
vjbwfdc ,henj ajhvekfc ~Formula`^ vbf[kjt,bs vfcfc 

~Exact Mass`^ vjktrekeh vfcfc ~Mol Wt`^ vfc-cgtmnhbc 
gbrt,bc vlt,fhtj,fc ~m/e` lf cgtmnhc^ tktvtyneh fyfkbpc 
~Elem. Anal.`& fyfkbpbc lbfkjubc afy]hbc cfiefkt,bs 
itcf’kt,tkbf vjktrekehb vfcbc fyufhbibc cbpecnbc 
dfhbht,f^ rth’jl v’bvbc itvltu wbaht,bc hfjltyj,bc 
wdkbkt,f& vjktrekehb vfcbc vtfsfctlb cbpecnbs 
fyufhbibcfsdbc xfdothjs wbahb 3 ntmcneh afy]fhfib 
Decimals ~vtfstlt,b`& fyfkbpbc afy]fhfib vjwtvekb 
vjyfwtvt,bc uflfcfnfyfl vjltkbc afy]fhfib cfzbhjf 
uffmnbehltc qbkfrb Paste ~xfot,t,f`& fvfcsfyfdt^ fyufhb-
ibc itltut,blfy itcf’kt,tkbf cfveifj vfublfpt uflfcf-
nfyb vjyfwtvt,bc ithxtdf& fyfkbpbc lbfkjubc afy]fhfib 
vjwtvekb fyufhbibc sbsjtek jawbfc oby fmdc vjybidybc 
vjo.j,bkj,f& itltut,bc nhfycgjhnbht,bcfc uflfdf bc 
vjyfwtvt,b^ hjvtksf oby bmyt,f vjybidybc ybifyb& 

 

yf[& 49& fyfkbpbc 
lbfkjubc afy]fhf 
ghjuhfvfib Chem Draw
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6&2& HTFMWBBC CNTMBJVTNHBEKB 
RJTABWBTYNT<BC FYUFHBIB 

htfmwbbc cntmbjvtnhbekb rjtabwbtynt,bc fyuf-
hbib itcf’kt,tkbf ufy[jhwbtkltc ghjuhfvf TableRus-bc 
cfiefkt,bs& fqybiyekb ghjuhfvbc bynthatbcb fqothbkb 
b.j  gfhfuhfaib 2&1& ~ud& 9`&  

ufdffmnbehjs ,h’fyt,f Химический калькулятор 
~mbvbehb rfkrekfnjhb`^ hjvtkbw vjsfdct,ekbf vtybeib 
Команды ~,h’fyt,t,b`&  trhfypt ufvjdf f[fkb lbfkjubc 
afy]fhf ~yf[& 50`^ hjvtkbw vjbwfdc ,h’fyt,t,bc qbkfrt,c^ 
mbvbehb htfmwbbc ufynjkt,bc cbv,jkjt,c ~+, = lf f&i&`^ 
mbvbeh tktvtynt,c^ hjvtkybw ufykfut,ekbf vjrktgt-
hbjlbfyb gthbjlekb cbcntvbc vcufdcfl^ lf byltmct,c& 

mbvbehb htfmwbbc frhtaf ofhvjt,c sfueyfc lforfgeyt,bs 
itcf,fvbc cbv,jkjt,pt& fewbkt,tkbf^ htfmwbbc xfyfothc 
/mjyltc ufynjkt,bc cf[t&  

vfufkbsbc cf[bs ufydb[bkjs htfmwbf% 

yf[& 50& mbvbehb htfmwbc rfkrekfnjhb^ ghjuhfvf TableRus 
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Zn + HCl=ZnCl2 + H2 
 

1. sfueyfc rehcjhbc cfiefkt,bs itdbnfyjs itcf,fvbcb 
cbv,jkjt,b bct^ hjv htfmwbbc xfyfothvf ptdbs 
yfxdtyt,b ufynjkt,bc cf[t vbbqjc& 

2. itvltu ufdfmnbehjs qbkfrb Дальше ~itvltu` 
3. trhfypt ufvjyfslt,f f[fkb afy]fhf lf rdkfd ufdf-

fmnbehjs qbkfrb Дальше ~itvltu` 
4. vfymfyf hfvjltybvt ofvbc ufyvfdkj,fib f[jhwbtkt,c 

uffyufhbit,fc lf fyufhbibc itltut,c ofhvjflutyc 
f[fkb lbfkjubc afy]hbc cfiefkt,bs ~yf[& 51`&  

5. vfymfyf uffyufhbit,bc cbpecnbcfsdbc b.tyt,c t&o& htfm-
wbbc evfqktcb cntmbjvtnhbekb rjtabwbtynbc vybid-

ytkj,fc& hfw eahj lblbf fqybiyekb rhbnthbevb^ vbs 
eahj pecnb bmyt,f fyufhbibc itltub& vfuhfv eylf uf-
dbsdfkbcobyjs bc ufhtvjt,fw^ hjv vbcb lblb vybi-
dytkj,f phlbc fyufhbibc lhjc& fqybiyekb rhbnt-

yf[& 51& mbvbehb htfmwbbc ufynjkt,bc  cntmbjvtnhbekb 
rjtabwbthnt,bc uffyufhbit,bc itltut,bc ofhvjlutybc lbfkjubc  
afy]fhf 
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hbevbc gbhdtkb uffyufhbit,bcfc fdnjvfnehfl ufvjbs-
dkt,f^ vfuhfv se fyufhbibc itltub fh bmyt,f cojhb^ cf-
zbhjf vbcb ufphlf& 

 
 

6&3& {CYFHBC RJYWTYNHFWBBC 
UFFYUFHBIT<F 

 
[cyfhbc rjywtynhfwbbc uffyufhbit,f itcf’kt,tkbf 

ufyjhwbtkt,ek bmyfc ghjuhfvbc EniG. Chemistry Assistant 
cfiefkt,bs& ghjuhfvbc bynthatbcb vjwtvekbf yf[& 48-pt& 
rfkrekfnjhbc rkfdbfnehbc mdtlf vfh]dtyf qbkfrb 
ofhvjflutyc [cyfhbc rjywtynhfwbbc rfkrekfnjhc& vfcpt 
sfueyfc qbkfrbc lforfgeyt,f ffmnbeht,c f[fk afy]fhfc 
~yf[& 52`& uhfafib What you want ~hf ucehs(` eylf 
itdbnfyjs cfrdktdb ybdsbtht,bc ,henj ajhvekf fy 
fdbhxbjs bub vjyfwtvsf ,fpblfy^  hbcsdbcfw eylf 
lfdfodts uhfabc vfh]dybd vjsfdct,ek bcfhpt& uhfabc 
What you want vfh]dybd vjsfdct,ekbf jhb uhfaf^ 
hjvkt,ibw vbsbst,ekb eylf bmyfc vjcfvpflt,tkb [cyfhbc 
hfjltyj,f lf rjywtynhfwbf&  gfhfktkehfl^ vfs vfh]dybd 
vjsfdct,ekb xfvjcfiktkb yec[t,blfy eylf itbhxtc 
itcf,fvbcb cblbltt,bc ufypjvbkt,t,bw& xfhxj Sourse 
~o.fhj` ufyresdybkbf ufcf[cytkb ybdsbtht,bc fuht-
ufnekb vlujvfhtj,bc vbsbst,bcfsdbc& se fqt,ekb 
yfthsb v.fhbf^ vfiby  ctktmnjhb eylf uflfdhsjs ,h’fyt-
,fpt Solid ~v.fhb`^ [jkj se s[tdflbf^ vfiby - ,h’fyt,fpt 
Solution ~[yfhb`& fv erfyfcrytkbc uffmnbeht,bc itvs[dtdf-
ib trhfypt ufvjxylt,f lfvfnt,bsb ntmcnehb e]ht,b^ 
hjvtkybw ufyresdybkyb fhbfy cfo.bcb [cyfhbc 
rjywtynhfwbbcf lf cbvrdhbdbc ~Density` vbcfsbst,kfl& 
cfo.bcb vjyfwtvt,bc chekfl vbsbst,bc itvltu ufdffm-
nbehjs qfkfrb Calculate ~fyufhbib`& cfrdktdb [cyfhbc 
rjywtynhfwbf lf lf vbcb vjvpflt,bc vtsjlbrf vjwtvekb 
bmyt,f xfhxjib Quantity calculation ~fyufhbibc itltub`&  
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vfufkbsbc cf[bs ufydb[kjs rjyrhtnekb fvjwfyf& 
dsmdfs^ 98)-bfyb ujubhlv;fdblfy eylf vjdfvpfljs  100 

vk 20)-bfyb [cyfhb&  
1. uhfafib What do you want? ~hf ucehs(` xfdothjs 

ujubhlv;fdbc ,henj ajhvekf H2SO4 fy fdbhxbjs 
vjyfwtvsf ,fpblfy sfueyfc qbkfrbc lfzthbs 
vfh]dybd ufcf[cytkb w[hbkblfy&  

2. [cyfhbc hfjltyj,bc uhfafib itdbnfyjjs #100@ 
3. ufypjvbkt,f lfdnjdjs mL 
4. rjywtynhfwbbc uhfafib itdbnfyjs #20@ 
5. ufypjvbkt,fl fdbhxbjs #)@ 

yf[& 52& [cyhbc  
rjywtynhfwbbc 
rfkrekfnjhb 

84 

6. xfhxjlfy Source ~o.fhj` fdbhxbjs ctktmnjhb 
Solution ~[cyfhb`& 

7. itcf,fvbc uhfafib itdbnfyjs fqt,ekb [cyfhbc 
rjywtynhfwbf #98@& 

8. ufypjvbkt,fl lfdnjdjs #)@ 
9. ufdfmnbehjs qbkfrb Calculate ~fyufhbib` 

 
fyufhbibc itltut,b ufvjxylt,f vjwtvekb mdtlf 

xfhxjib% 

  
 
 
 

6&4& YFTHSBC ABPBREH-MBVBEHB 
RJYCNFYNT<BC FYUFHBIB 

bctsb abpbreh-mbvbehb rjycnfynt,bc uffyufhbit,f^ 
hjujht,bwff vjktrekehb htahfmwbf^ vjkehb vjwe-
kj,f^ gfhfmjhb^ htahfmwbbc vybidytkj,f^ ptlfgbhekb 
lfzbvekj,f^ cbvrdhbdt^ lbtktmnhbrekb itqotdflj,f lf 
gjkfhbpt,flj,f itcf’kt,tkbf  vfhnbdfl bmyfc ufsdkbkb 
ghjuhfvbc ChemSketch-bc cfiefkt,bs& fqybiyekb gfhf-
vtnht,bc uffyufhbit,bcfsdbc% 

1. fdfujs ,typjv;fdfc jhufypjvbkt,bfyb cnhem-
nehf  ~b[& 3&2&^ ud& 37`  

2. ghjuhfvf uflfdb.dfyjs cnhemnehbc ~Structure` 
ht;bvib ~yf[& 22` 

3. ufdffmnbehjs vtybe Tools ~vjo.j,bkj,t,b` 
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4. ufdffmnbehjs ,h’fyt,f Calculate ~fyufhbib` lf 
itdfhxbjs gfhfvtnhb All properties ~.dtkf sdb-
ct,f`&  

cfveifj trhfypt ufvjdf f[fkb lbfkjubc afy]fhf 
~yf[& 53`^ hjvtkibw xfvjsdkbkb bmyt,f cfrdktdb yfthsbc 
abpbrehb gfhfvtnht,b& cnhemnehbc cbhsekblfy uf-
vjvlbyfht^ itcf’kt,tkbf^ hjvtkbvt vfsufybc fyufhbib fh 
itlutc& vfuhfv fvfcsfyfdt eylf udf[cjdltc^ hjv fqybiyekb 
gfhfvtnht,b ofhvjflutyty tvgbhbekb ajhvekt,bc cfief-
kt,bs uffyufhbit,ek cblbltt,c lf vfsb vibdytkj,t,b 
.jdtksdbc fh tvs[dtdf htfkeh vybidytkj,t,c&  

ybdsbtht,bc abpbrehb ~kqj,bcf lf leqbkbc 
ntvgthfneht,b^ rhbnbrekb ntvgthfnehf^ oytdf^ vjwe-
kj,f` lf sthvjlbyfvbrehb ~]b,cbc tythubf^ ofhvjmvybc 

cbs,j lf c[df` vf[fcbfst,kt,bc fyubhbib itcf’kt,tkbf 
ghjuhfvbc ChemDraw cfiefkt,bs&  

1. fdfujs ,typjv;fdfc cnhemnehekb ajhvekf 
ghjuhfvfib ChemDraw ~b[& § 3&1&^  ud& 30` 

2. vjdybiyjs vskbfyb ajhvekf 
3. ufdffmnbehjs ,h’fyt,f Show Chemical Properties 

Window ~mbvbehb sdbct,t,bc afy]hbc xdtyt,f` 
vtybelfy Show ~xdtyt,f`& 

yf[& 53& yfthsbc sdbct,t,bc fyufhbibc lbfkjubc 
afy]fhf ghjuhfvfib ChemSketch 
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trhfypt ufvjyfslt,f f[fkb lbfkjubc afy]fhf  

~yf[& 54` hjvtkibw vjwtvekb bmyt,f fyufhbibc itltut,b& 
vbqt,ekb itltut,bc vjltkbc afy]fhfib lfcfnfyfl ufdf-
fmnbehjs lbfkjubc afy]hbc qfkfrb Paste ~xfot,t,f`& fy-
ufhbibc itltut,pt eahj dhwtkb byajhvfwbbc vbcfqt,fl 
ufdffmnbehjs qbkfrb Report ~vj[ctyt,f`& fv erfyfcrytkbc 
uffmnbeht,bc itvltu ufb[cyt,f f[fkb ntmcnehb afbkb^ 
hjvtkibw itlfht,bs lfodhbkt,bs bmyt,f vbsbst,ekb 
fyufhbibc itltut,b lf kbnthfnehbc  o.fhj^ hbc 
vb[tldbsfw ofhvjt,c fvf se bv itltubc fyufhbib&  

 
 
 

yf[& 54& abpbrehb lf 
sthvjlbyfvbrehb 
sdbct,t,bc  
fyfubhbibc itltut,bc 
lbfkjubc afy]fhf 
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6&5& YFTHST<BC YJVTYRKFNEHF 

yfthst,bc IUPAC-bc vb[tldbs lfcf[tkt,bc vtnfl 
cfzbhj lf cfbynthtcj aeymwbbs fhbc fqzehdbkb 
hfvjltybvt ghjuhfvf^ hjvtksf ijhbc eylf fqbybiyjc 
ChemSketch-v.5.00, Iupac Name Pro, ISIS Draw, ChemDraw&  

6&5&1& ybdsbtht,bc lfcf[tkt,f ghjuhfvbc 
ChemSketch cfiefkt,bs 

ghjuhfvekb gfrtnb ACD Labs cfiefkt,fc udf’-
ktdc lfdfcf[tkjs yfthsb IUPAC-bc yjvtyrkfnehbc vb-
[tldbs& ACD Labs vbth itmvybkbf yfthst,bc yjvtyrkfne-
hbc lfvjerblt,tkb vjlekb – lfvjerblt,tkb ghjuhfvf 
Iupac Name Pro^ hjvtkbw itlbc v[jkjl kbwtypbht,ek 
ghjuhfvfib& ghjuhfvekb gfrtnbc eafcj 5&00-t dthcbf 
fqybiyek ghjuhfvfc fh itbwfc^ vfuhfv vbcb gfnfhf 
vjlekb xfhsekbf sdbs ghjuhfvfib ChemSketch& fvltyfl^ 
fqybiyekb dthcbbc ghjuhfvf vfbyw udf’ktdc yfthsbc 
lfcf[tkt,bc cfiefkt,fc^ sevwf yfthsib itvfdfkb tktvty-
nt,bc hfjltyj,f fh eylf fqtvfnt,jltc 50-c^ [jkj 
wbrkt,bc hfjltyj,f 3-c&  

fdfujs 4-/blhjmcb,typjv;fdfc cnhemnehekb 
ajhvekf ghjuhfvfib ChemSketch ~b[& § 3&2&^ ud& 37`& 
cnhemnehbc fut,bcfc fewbkt,tkbf ghjuhfvbc vpf 
if,kjyt,bc ufvj.tyt,f& vfufkbsfl^ ,typjkbc ahfuvtynb 
eylf fdbhxbjs fhjvfnekb cnhemneht,bc ,b,kbjstrblfy 
~b[& § 3&4&2&^ ud& 46&`^ /blhjmcbkbc fnjvb tktvtynt,bc ‘b-
hbsflb gfkbnhblfy^ [jkj rfh,jmcbkbc ahfuvtynb 
hflbrfkt,bc ,b,kbjstrblfy& cnhemnehbc fut,bc itvltu 
ufdffmnbehjs ,h’fyt,f Generate Structure from Name 
~cf[tkbc utythbht,f cnhemnehblfy`^ hjvtkbw vjsfdct-
,ekbf vtybeib Tools ~vjo.j,bkj,t,b`& fmdt eylf 
fqbybiyjc^ hjv ghjuhfvf uflfhsekb eylf b.jc ht;bvib 
Structure ~cnhemnehf`& 

ghjuhfvbc vbth utythbht,ekb lfcf[tkt,f fdnjvf-
nehfl lfbnfyt,f vjlekbc afy]fhfib& 
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ufyc[dfdt,ekfl [lt,f yfthsbc lfcf[tkt,f 
ChemSketch-bc chekafcjdfy dthcbt,ib& cnhemnehbc fut,f 
vbvlbyfhtj,c fyfkjubehfl& yfthsbc fut,bc itvltu xfn-
dbhsek eylf bmyfc yfthsbc lfcf[tkt,bc ghjuhfvf Index 
Name& vbcb ufidt,f itcf’kt,tkbf hjujhw Start-bc 
qbkfrblfy ~bub lfvjerblt,tk ghjuhfvfc ofhvjflutyc` fy 
eiefkjl ghjuhfvblfy ChemSketch& fv erfyfcrytk itv-
s[dtdfib eylf uffmnbehltc ,h’fyt,f Index Name^ 
hjvtkbw vjsfdct,ekbf vtybeib ACD/Labs& ghjuhfvbc 
Index Name xfndbhsdbc itvltu ghjuhfvfc ChemSketch 
vfhw[tyf mdtlf res[tib ufexylt,f lfvfnt,bsb qbkfrt,b% 
ChemSk, Name, History, IUPAC Rules ~yf[& 55`. qbkfrbc 
Name ~lfcf[tkt,f` uffmnbeht,bc itvltu utythbhlt,f 
yfthsbc lfcf[tkt,f lf vfhsdf fdnjvfnehfl uflftwtvf 
ghjuhfvfc Index Name^ [jkj cfveifj trhfyc tmyt,f cf[t^ 

hjvtkbw vjwtvekbf yf[& 56-pt& cnhemnehbc mdti vjsfd-
ct,ek cgtwbfkeh afy]fhfib vjwtvekb bmyt,f lfcf[tkt,f& 
rehcjhbc vbf[kjt,bcfc lfcf[tkt,bc wfkrtek ahfuvtyn-
sfy ~xfvyfwdkt,tkb^ ‘bhbsflb xjxy[b` yfthsbc cnhemne-
hfpt obstkb athbs vjbybiyt,f vbcb itcf,fvbcb cnhem-
nehekb ahfuvtynb& trhfybc vfh]dybd vjsfdct,ekbf afy-
]fhf^ hjvtkbw xfvjsdkbkbf IUPAC-bc bc ghbywbgt,b^ 
hjvkbc itcf,fvbcflfw fhbc lfcf[tkt,ekb rjyrhtnekb 
yfthsb& yjvtyrkfnehbc ufvj.tyt,ekb ve[kt,bc itcf,fvbcb 
yjvht,b keh]b athbs fhbc fqybiyekb^ hfw vbesbst,c^ 
hjv yt,bcvbth vfsufypt lforfgeyt,f trhfypt ufvjbnfyc 
IUOAC- bc yjvtyrkfnehbc itcf,fvbc ve[kc chekfl&  

yf[& 55& ghjuhfvf  ChemSketch-bc  lfvfnt,bsb qbkfrt,b^ 
hjvtkbw xylt,f  ghjuhfvbc Index Name-bc ufidt,bc itvltu 
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cnhemnehfpt yevthfwbbc lfcfnfyfl eylf ufdffm-
nbehjs ,h’fyt,f Show Atoms Numbering ~fnjvsf 
yevthfwbbc xdtyt,f` vtybelfy Options ~fhxtdfyb`& 

 
 
 

 

6&5&2& ybdsbtht,bc lfcf[tkt,f ghjuhfvbc 
ChemDraw cfiefkt,bs 

 
ghjuhfvf ChemDraw fctdt b’ktdf cfiefkt,fc lfcf-

[tkt,ekb bmyfc yfthsb& lfcf[tkt,bc itcfveifdt,kfl 
fewbkt,tkbf yfthsbc cnhemnehbc fut,f ~b[& § 3&1&^ ud& 30` 
lf itvltu vbcb vjybidyf& vjybidybc itvltu eylf ufdffmnbe-
hjs ,h’fyt,f Convert Structure to Name ~cnhemnehbc 
ufhlfmvyf cf[tkib` vtybelfy Structure ~cnhemnehf`& 

 
 

yf[& 56& ghjuhfvbc Index Name-bc bynthatbcb 

cnhemnehekb ajhvekf 

yfthsbc lfcf[tkt,f 

IUPAC-bc gbywbgt,b^ 
hjvkbc itcf,fvbcflfw fhbc 
yfthsb lfcf[tkt,ekb 
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6&5&3& ybdsbtht,bc lfcf[tkt,f ghjuhfvbc ISIS 
Draw cfiefkt,bs 

fdfujs cnhemnehf ghjuhfvbc ISIS Draw cfiefkt-
,bs ~b[& § 3&3&^ ud& 42`& ufdffmnbehjs ,h’fyt,f AutoNom 
Standard Name ~cf[tkbc cnfylfhnekb fdnjyjveyrkf-
nehf` vtybec Chemistry ~mbvbf` mdtvtybelfy Generate 
Name ~cf[tkbc utythbht,f`& 

ghjuhfvbc ISIS Draw cfiefkt,bs itcf’kt,tkbf 
lfcf[tkt,ekb bmyfc yfthst,b hjvtksf wbrkt,bc hfjlt-
yj,f 3-c fh fqtvfnt,f& 

 
 
 

6&6& CGTMNHT<BC LFVEIFDT<F  
sfyfvtlhjdt cgtmnhjvtnhekb fgfhfnt,b fqzeh-

dbkyb fhbfy ufpjvdbc itltufl vbqt,kb cbuyfkbc wbahek 
cf[tib ufhlfmvybc cfiefkt,bs& fye cgtmnhjvtnhpt 
yfthsbc uflfqt,bcfc itcf’kt,tkbf ufpjvdbc itltut,b 
xfbothjc w[hbkbc ajhvbs^ hjvkbc itcf,fvbcfl fut,ekb 
uhfabrc tmyt,f cgtmnhbc cf[t& fqybiyekb afbkt,b^ 
hjujhw otcb^ ofhvjflutyty ASCII afbkt,c&  

tktmnhjyekb^ eb-^ bo^ vfc lf ,vh-cgtmnht,bc 
fut,bcf lf lfveifdt,bcfsdbc ufvjb.tyt,f ACD Labs gfrtnib 
itvfdfkb ghjuhfvf SpecViewer& vfc cgtmnhbc fut,fcsfy 
thsfl cfiefkt,f fmdc ufyf[jhwbtkjc ufhrdtekb vfybge-
kfwbt,b% gbrt,bc byntycbehj,bc lflutyf^ gbrbc itcf,fvbcb 
nfkqbc cbuh’bc ufycfpqdhf^ gbrt,c ijhbc vfy’bkbc 
~ofyfwdkt,bc` ufycfpqdhf^ gbrbc afhsj,bc ufvjsdkf lf 
c[df&  

ghjuhfvbc SpecViewer bynthatbcb ofhvjlutybkbf 
yf[& 57-pt&  

 



91 

 
 

6&6&1& eknhfbbcathb lf tktmnhjyekb ~[bkekb` 
cgtmnht,bc fut,f lf lfveifdt,f 

sfyfvtlhjdt eb- lf [bkekb tktmnhjyekb cgtm-
nhjvtnht,b fqzehdbkyb fhbfy byajhvfwbbc wbahekb 
cbuyfkbc ufvjcfdkbc vjo.j,bkj,bs^ vfuhfv ]th-]thj,bs 
rdkfd fmnbehfl ufvjb.tyt,f itlfht,bs ‘dtkb sfj,bc 
cgtmnhjvtnht,b^ hjvkt,bw cgtmnhc xfothty cfresfhb 
sdbsxfvothb vjo.j,bkj,bs^ fy efhtc itvs[dtdfib jgthf-
njhc sfdfl e[lt,f [tkbs nfkqbc cbuh’bcf lf isfysmvbc 
byntycbehj,bc xfothf lf vbqt,ekb gfhfvtnht,bc vb[tl-
dbs cgtmnhbc fut,f& ghjuhfvf SpecViewer cfvbdt itvs[dt-
dfib lbl lf[vfht,fc eotdc mbvbrjcc& vbcb hjkb 
ufycfresht,bs vybdytkjdyfl xfyc ,jkj jh itvs[dtdfib^ 
hjvkbc lhjcfw cfzbhj fh fhbc cgtmnhbc [tkbs fut,f& 
fmdt eylf itdybiyjs^ hjv SpecViewer-ib cgtmnhbc chek-
.jabkb cf[bs ofhvjxtybcfsdbc cfzbhjf othnbkt,bc 

yf[& 57& ghjuhfvbc SpecViewer bynthatbcb 
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~ufpjvdt,bc` lblb hfjltyj,f ~lff[kjt,bs 1000 xfyfothb`^ 
hfw cgtmnhbc [tkbs xfothbcfc ghfmnbrekfl ite’kt,t-
kbf& fcts itvs[dtdfib cfcfhut,kjf se xfothbk cgtmnhc^ 
hjvtkibw^ hjujhw otcb^ hfvjltybvt fstekc fh 
fqtvfnt,f^ ]th lfdfveifdt,s hjvtkbvt vfstvfnbrehb 
ghjuhfvbc ~vfufkbsfl Origin` cfiefkt,bs lf bynth-
gjkfwbbc cfiefkt,bs ufdphlbs othnbkt,bc hfjltyj,fc& 

vbqt,ekb w[hbkehb vjyfwtvt,blfy cgtmnhbc fut-
,bcfsdbc ufdffmnbehjs ,h’fyt,f Open ~uf[cyf` fy Import  
~bvgjhnb` vtybelfy File ~afbkb`& ufb[cyt,f afbkbc uf[cybc 
cnfylfhnekb lbfkjubc afy]fhf& afbkbc nbgt,ib itdfh-
xbjs Auto detect ~fdnjvfnehb fhxtdf`&  afbkbc fhxtdbc 
itvltu ufdffmnbehjs qbkfrb Ok& trhfypt xfbndbhst,f 
ASCII afbkbc rjydthnfwbbc lbfkjubc afy]fhf ~yf[& 58`& 
 w[hbkbc itvjnfybcfc ghjuhfvf udf’ktdc cfiefkt-
,fc obyfcofh bmyfc vybidytkj,t,b uflf[tlbkb lf cehdb-
kbc vb[tldbs dwdfkjs gbhdtkb lf ,jkj othnbkbc vybi-
dytkj,f& fvfcsfyfdt itb’kt,f othnbkt,c ijhbc ,b]bc 
dfhbht,f&  

• Start From ~lfcfo.bcb` - gbhdtkb othnbkt,bc o.db-
kbc hbuj,hbdb yjvthb^ hjvkblfyfw bo.t,f uhfab-
rbc fut,f 

• End At ~lfchekt,f` - ,jkj othnbkt,bc o.dbkbc 
hbuj,hbdb yjvthb^ hjvtkptw vsfdhlt,f uhfabrbc 
fut,f 

• Autodetect First Line ~gbhdkb [fpbc fdnjvfnehb 
ithxtdf` - fdnjvfnehfl ofhvjt,c uhfabrbc lfcfo-
.bcbc ithxtdf& vbcb uffmnbeht,bc itvs[dtdfib aeym-
wbf  Start From ~lfcfo.bcb` gfcbehlt,f&  

• Jump Over ~#uflf[njvf@-,b]b` - uhfabrbc fut,bcfc 
w[hbkbc vjyfwtvt,blfy ufvjnjdt,ekb bmyt,f ,b]bc 
itcf,fvbcb othnbkt,bc hfjltyj,f&  

• Autodetect Last Line ~erfyfcrytkb [fpbc fdnjvfne-
hb ithxtdf` - fdnjvfnehfl ofhvjt,c uhfabrbc 
lfcfchekbc ithxtdf& vbcb uffmnbeht,bc itvs[dt-
dfib aeymwbf  End At ~lfcfchekb` gfcbehlt,f&  
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• Decimal Delimiter ~vtfstlb yfobkbc ybifyb` - 
jgthfwbekb cbcntvfib ithxtekb htubjyfkehb 
gfhfvtnht,bc vb[tldbs vtfstlbc ybifyb itb’kt,f 
b.jc othnbkb ~Point` fy v’bvt ~Comma`& 
vj.dfybkb gfhfvtnht,bc ithxtdbc itvltu ufdf-

fmnbehjs qbkfrb Next ~itvltub`& 
xfbndbhst,f f[fkb lbfkjubc afy]fhf ~yf[& 59`^ 

hjvtkibw eylf itdfhxbjs cgtmnhbc nbgb&  

yf[& 58& ASCII afbkbc  bvgjhnbht,bc lbfkjubc afy]fhf 
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cgtmnhbc nbgbc ~Sperctrum Type` xfvjcfiktk 

vtybeib fdfhxbjs UVIR ~eknhfbbcathb  lf bo cgtmnhb` 
nbgb&  rdkfd ufdffmnbehjs qbkfrb Next ~itvltub`& tr-
hfypt xfbndbhst,f vtcfvt ~cf,jkjj` lbfkjubc  afy]fhf 
~yf[& 60`&  

 yf[& 60& bvgjhnbht,bc lfcfchekbc lbfkjubc afy]fhf 

yf[& 59& cgtmnhbc nbgbc ithxtdbc lbfkjubc afy]fhf 
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vbcb cfiefkt,bs xfvjcfiktk yec[fib Technique 
~ntmybrf` vbdesbsjs fcfut,b cgtmnhbc cf[t - UV-Visible 
~eb-[bkekb fye tktmnhjyekb`& fctdt X-c rjjhlbyfnsf 
qth’bc ufypjvbkt,fl  ~X-axis` xfvjcfiktkb yec[blfy 
nfkqbc cbuh’bc ufypjvbkt,fl itdfhxbjs yfyjvtnht,b 
~Wavelength (nanometers)`^ [jkj Y-rjjhlbyfnsf 
qth’bcfsdbc ~Y-axis` - isfysmvf ~Absorbance`& cf,jkjjl 
ufdffmnbehjs qbkfrb Finish ~lfcfchekb`& lfb[eht,f 
lbfkjubc afy]fhf lf fbut,f cfcehdtkb cgtmnhb&  

cgtmnhbc fut,bc itvltu vjv[vfht,tkc fmdc vbcb vfc-
inf,bht,bc cfiefkt,f^ fye cehdbkbc vb[tldbs 
itcf’kt,tkbf vskbfyb cgtmnhbc fy vbcb wfkrtekb ahfu-
vtynbc uflblt,f& cgtmnhbc vfcinf,bht,fc tvcf[eht,f 
gbmnjuhfvekb vtybe&  

 

/jhbpjynfkehb vfcinf,bht,bc qbkfrbc uffmnb-
eht,bcfc cgtmnhbc afy]fhf b.jaf jh yfobkfl& ptlf dbo-
hj afy]fhfib ufysfdclt,f vskbfyb cgtmnhb itvwbht,ekb  
vfcinf,bs^ [jkj mdtlf afy]fhfib gbhbmbs - uflblt,ekb 
vfcinf,bs& vskbfyb cgtmnhbc lfsdfkbtht,f ofhvjt,c  
ptlf afy]fhfib  xfhxjc uflfflubkt,bs&  cgtmnhbc ufhrdt-
ekb e,ybc eahj lblb vfcinf,bht,f itcf’kt,tkbf vfhs-
res[f vfcinf,bht,bc qbkfrbc uffmnbeht,bs ~yf[& 61`& 

vfhsres[f uflblt,f 

ithxtdbsb e,ybc 
uflblt,f 

cgtmnhbc jhbubyfkehb 
pjvf 

/jhbpjynfkehb 
uflblt,f 

yf[& 61&  ghjuhfvf SpecViewer-bc  gbmnjuhfvekb vtybe 
~fqybiyekbf vfcnf,bht,bc qbkfrt,b` 
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erfyfcrytk itvs[dtdfib cgtmnhbc lfsdfkbtht,f fyfkj-
ubehb vtsjlbs ofhvjt,c^ vfuhfv obyf itvs[dtdbcfufy 
ufyc[dfdt,bs fv lhjc itcf’kt,tkbf vwjwb xfhxjc hjujhw 
/jhbpjynfkehb^ bct dthnbrfkehb uflfflubkt,f&  

ithxtdbsb e,ybc uflblt,bc qbkfrbc ~yf[& 61` uffm-
nbeht,bc itvs[dtdfib trhfypt ufvjdf lfvfnt,bsb 
lbfkjubc afy]fhf^ hjvtkkibw eylf bmyfc vbsbst,ekb 
cgtmnhbc bc lbfgfpjyb^ hjvkbc uflblt,fw fhbc cfzbhj&  

vfcinf,bht,bc ghjwtcbc lfchekt,bcfsdbc ufdffm-
nbehjs jhbubyfkehb pjvbc qbkfrb ~yf[& 61`&  

isfymvbc vfmcbvevt,bc cgtmnhpt lfnfybcfsdbc ufdf-
fmnbehjs qbkfrb PickPicking^ hjvtkbw vjsfdct,ekbf 
gbmnjuhfvekb vtybec mdti& vbcb uffmnbeht,bc itvltu 
trhfypt xfbndbhst,f f[fkb qbkfrt,b ~yf[& 62`& ufdffmnbe-
hjs qbkfrb Auto ~fdnjvfnehb`& cgtmnhpt gbrt,bc sfdpt 
ufxylt,f isfymvbc pjkbc itcf,fvbcb nfkqbc cbuh’bc 
cbltt,b& se cntmnhb vjbwfdc c[dflfc[df byntycbehj,t,bc 
isfysmvbc vhfdfkhbw[jdfy cthbfc^ qbkfrbc Peak Level 
~gbrbc cbvfqkt` itcf’kt,tkbf ufhrdtekb ~cecnb` 
byntycbehj,bc gbrt,bc ufvjhbw[df& fvbcfsdbc ufdffmnb-
ehjs qbkfrb Peak Level ~gbrbc cbvfqkt`& trhfypt 
ufvjxylt,f obstkb athbc /jhbpjynfkehb [fpb^ hjvkbc 
uflfflubkt,f ofhvjt,c sfueyfc cfiefkt,bs& sfueyfc 
vfhw[tyf qbkfrbc lforfgeyt,bs bub lfabmcbhlt,f lf 
ghjuhfvf buyjhbht,fc ufertst,c .dtkf bv gbrc^ hjvkbc 
byntycbehj,fw yfrkt,b bmyt,f /jhbpjynfkehb obstkb 
[fpbc cblbltpt& isfysmvbc cblbltt,bc lfothf itcf’kt,t-
kbf fhffdnjvfneh ht;bvibw& erfyfcrytk itvs[dtdfib ey-
lf uffmnbehltc qbkfrb Peak by Peak ~gbrblfy gbrfvlt`& 
vbcb uffmnbeht,bc itvltu sfueyfc rehcjhb vbdef[kjdjs 
isfysmvbc vfmcbvevc& gbrbc cbf[kjdtib vj[dtlhbc itvs[dt-
dfib ufvjxylt,f dthnbrfkehb obstkb [fpb lf obstk 
xfhxjib vjsfdct,ekb isfysmvbc vfmcbvevbc itcf,fvbcb 
hbw[dbsb vybidytkj,f& lforfgeyt,bc itvs[dtdfib vjwt-
vekb hbw[db lfabmcbhlt,f trhfypt& fmdt eylf fqdybiyjs^ 
hjv fuhtsdt itcf’kt,tkbf cgtnhbc yt,bcvbthb vybidyt-
kj,bc fqybidyf^ se sfueyfcsfy thsfl ufvjdb.tyt,s Shift 
qbkfrc&  
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ghjuhfvf SpecViewer-bc cfiefkt,bs vfhnbdfl 
itcf’kt,tkbf ufvjsdkbk bmyfc gbrbc cbufyt^ yf[tdfhcb-
vfqkt lf afhsj,b^ hbcsdbcfw ufvjb.tyt,f qbkfrt,b 
FWHH ~Full Width and Half Heigth-chekb cbufyt lf 
yf[tdfhcbvfqkt` lf Peak Area ~gbrbc afhsj,b`& gbhdtkb 

qbkfrbc uffmnbeht,bc itvs[dtdfib isfysmvbc vfmcbvevpt 
obstkb [fpt,bs fqbybiyt,f vbcb itcf,fvbcb chekb cbufyt 
lf yf[tdfhcbvfqkt& isfysmvbc vfmcbvevbc afhsj,bc ufvjs-
dkbcfsdbc ufdffmnbehjs qbkfrb Peak Area ~gbrbc afhsj-
,b`^ vbdb.dfyjs rehcjhb gbrbc lfcfo.bcsfy lf lfdforfge-
yjs& ufbdkt,f dthnbrfkehb obstkb [fpb& ufdfuh’tkjs 
rehcjhbc uflfflubkt,f gbrbc lfcfchekbcfrty lf [tk-
f[kf lfdforfgeyjs& ufvjbsdkt,f gbrbc afhsj,b^ hjvkbc 
hbw[dbsb vybidytkj,f lf uhfabrekb ufvjcf[ekt,f obst-
kb athbc [fpbs ufysfdclt,f gbrbc ae’bc mdti& 

SpecViewer-ib fut,ekb lf lfveifdt,ekb cgtmnhb 
itcf’kt,tkbf lf,tzlbkb bmyfc eiefkjl ghjuhfvf 
SpecViewer-lfy& fctdt itcf’kt,tkbf vbcb tmcgjhnbht,f 
ghjuhfvfib ChemSketch lfvfnt,bsb lfveifdt,bcfsdbc 
~vfufkbsfl^ cfrdktdb yfthsbc cnhemnehekb ajhvekbc 
lfothbcfsdbc`&  

 

gbrt,bc fdnjvfnehb 
vj’bt,f 

gbrt,bc vbyvfkehb 
vybidytkj,bc ufycfpqdhf 

gbrt,bc sfyvbvltd-
hj,bsb vj’t,yf 

gbrbc cbufybcf lf 
yf[tdfhcbvfqkbc 
vj’bt,f

gbrbc afhsj,bc 
ufvjsdkf 

yf[& 62 gbrt,bc lfveifdt,bc qbkfrt,b ghjuhfvf SpecViewer-ib 
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6&6&2& byahfobstkb cgtmnht,bc fut,f lf 
lfveifdt,f 

byahfobstkb cgtmnht,bc fut,f tktmnhjyekb cgtm-
nht,bc fut,bc fyfkjubehbf ~b[& § 6&6&1&`& vjyfwtvt,bc bv-
gjhnbht,bcfc vbsbst,ekb eylf bmyfc cgtmnhbc xfothbc 
itcf,fvbcb ntmybrf lf nfkqbc cbuh’bc ufypjvbkt,f& fvbcf-
sdbc lbfkjubc afy]fhfib ~yf[& 60` xfvjcfiktk yec[fib 
Technique ~ntmybrf` vbdesbsjs cgtmnhbc cf[t Infrared 
~byahfobstkb`& X-qth’pt ufypjvbkt,fl itdbhxbjs nfk-
qehb hbw[db - Wavenumber (cm-1)&  

 
 

6&6&3& vfc-cgtmnht,bc fut,f lf lfveifdt,f 
vfc-cgtmnhbc fut,bcfsdbc lbfkjubc afy]fhfib ~yf[& 

59` cgtmnhbc nbgfl ~Spectrum Type` eylf itdbhxbjs 
MASS. vfcinf,bht,bc vfybgekfwbt,b cgtmnhpt fyfkj-
ubehbf tktmnhjyekb cgtmnht,bcf ~b[& § 6&6&1&`& 

 

6&6&4& 1H-,vh cgtmnht,bc fut,f lf lfveifdt,f 
 
vfc-cgtmnhbc fut,bcfsdbc lbfkjubc afyfhfib ~yf[& 

59` cgtmnhbc nbgfl ~Spectrum Type` eylf itdbhxbjs 1D 
NMR. vfcinf,bht,bc vfybgekfwbt,b cgtmnhpt fyfkjube-
hbf tktmnhjyekb cgtmnht,bcf ~b[& § 6&6&1&`& fctdt itcf’-
kt,tkbf cbuyfkt,c ijhbc ofyfwdkt,bc ufvjfyufhbit,f& 
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6&7& VFHNBDB MBVBEHB UFFYUFHBIT<T<BC 
GHJUHFVBHT<F 

[ibhfl hfbvt mbvbehb vfhnbdb ufsdkt,bc itche-
kt,bcfsdbc vpf ghjuhfvt,bc ufvj.tyt,fcsfy itlfht,bs 
eahj [tkcf.htkbf #cfresfhb@ ghjuhfvbc itlutyf& ufcf-
fyufhbit,tkb ghjwtcbc  vfstvfnbrehb vjltkbc fhct,j,bc 
itvs[dtdfib^ uffyufhbit,bc lfghjuhfvt,f itb’kt,f 
vfhnbdfl ufy[jhwbtklt,c bctsb ghjuhfvt,bc cfie-
fkt,bs^ hjujhwff MS Exell^ Visual Basic lf c[df&  

ghjuhfvf MS Exell itlbc cf.jdtksfjl wyj,bk 
ghjuhfvek gfrtnib MS Office lf ghfmnbrekfl .dtkf 
gthcjyfkeh rjvgbenthpt fhbc bycnfkbht,ekb& vbcb 
ufvj.tyt,bc itvs[dtdfib itcf’kt,tkbf itlutc tktm-
nhjyekb w[hbkb^ hjvkbc ufhrdtek e]ht,ib vj[lt,f 
uffyufhbit,t,bc itchekt,f&  

vtjht upf vfhnbdb uffyufhbit,t,bc itchekt,bcf-
sdbc fhbc fdnjyjvbehb ghjuhfvbc itlutyf^ hjvtkcfw 
lfvjerblt,kfl veifj,bc eyfhb tmyt,f& fctsb nbgbc 
ghjuhfvt,bc itmvyf [lt,f ghjuhfvbht,bc hjvtkbvt tybc 
ufvj.tyt,bs^ hjvtksfufy .dtkfpt vfhnbdb lf ghfmnbrekb 
fhbc Visual Basic&  

dbyfblfy Visual Basic-ib ghjuhfvbc itlutyf vjbs-
[jdc cfreshbd ghjuhfvbht,bc tybc wjylfc^ fvbnjv ufydb-
[bkjs ghjuhfvekb rjlbc itlutyf MS Exell-bc cfiefkt-
,bs&  

dsmdfs^ hfbvt htfmwbbcfsdbc udbylf ufdbfyufhbijs 
fhtybecbc rjtabwbtynt,b lf fmnbdfwbbc tythubf& xfdf-
nfhjs hfvjltybvt ~vfufkbsfl [esb^ hjujhw ofhvjl-
utybk vfufkbsibf ufy[bkekb` gfhfktkehb wlf c[df-
lfc[df ntvgthfnehfpt ~ntvgthfnehf ufvjcf[ekb eylf 
b.jc K-ib` lf fdbqjs vjyfwtvt,b - ufdbsdfkjs htfmwbbc 
cbxmfhbc velvbdfc tmcgthbvtynekb vybidytkj,t,b&  

f[kf itdeluts eiefkjl tktnhjyekb w[hbkbc 
itlutyfc& 

MS Exell-bc w[hbkbc C9 e]hfib xfdothjs wlt,bc 
hfjltyj,f-5& B11-B15 e]ht,ib itdbnfyjs xfnfht,ekb 
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htfmwbt,bc ntvgthfneht,b rtkdbyt,ib^ [jkj C11-C15 
e]ht,ib rb vfsb itcf,fvbcb htfmwbbc cbxmfhbc velvbdfc 
tmcgthbvtynekb  vybidytkj,t,b& 

uffyufhbit,bc gbhdtk cfae[ehpt ufsdkbkb eylf 
bmyfc ntvgthfnehbc it,heyt,ekb cblbltt,b& fvbcfsdbc 
D11 e]hfib eylf xfbothjc itcf,fvbcb ajhvekf& rth’jl^ 
fmnbehb ufd[fljs  D11 e]hf lf itdbnfyjs hbw[dbsb 
vybidytkj,bc yfwdkfl ajhvekf& ajhvekbc xfothbcfsdbc 
sfyvbvltdhekfl itdbnfyjs itvltub cbv,jkjt,b% 
#=1/B11@& D11 e]hfib ajhvekbc itnfybc itvltu vjdf[lb-
yjs vbcb rjgbht,f D12-D15 e]ht,ib& fqbiyek e]ht,ib 
ajhvekt,bc xfothbcsfyfdt ufvjxylt,f vfsb hbw[dbsb 
vybidytkj,t,b&  

itvlty tnfgpt dbyufhbijs 1/t2 vybidytkj,f& vbcb 
fyufhbibcfsdbc E11 e]hfib xfdothjs fyfkjubehb vt-
sjlbs ajhvekf #=1/D11*D11@ lf rdkfd vjdf[lbyjs vbcb 
rjgbht,f E12-E15 e]ht,ib&  

f[kf dbfyufhbijs ntvgthfnehbc kjufhbsvt,b& 
F11 e]hfib itdbnfyjs ajhvekf #=LN(C11)@ lf vbcb 
rjgbt,b uflfdbnfyjs F12-F15 e]ht,ib&  

itvltu tnfgpt G11 e]hfib itdbnfyjs ajhvekf 
#=D11*F11@ lf rdkfd vjdf[lbyjs vbcb rjgbht,f G12-G15 
e]ht,ib&  

f[kf vjdf[lbyjs yffyufhbit,b cblbltt,bc ]fvbc 
lflutyf& fvbcfsdbc^ D16 e]hfib xfdothjs ajhvekf 
#=SUM(D11:D15)@& fyfkjubehfl vjdbmwts E16, F16, G16 
e]ht,bcfsdbc& 

C19 e]hfib itdbnfyjs ajhvekf @=(G16*D16-
F16*E16)/(D16^2-C9*E16)@^ C20 e]hfib #=-(G16-
C19*D16)/E16@^ C21 e]hfib - #=8.314*C20 @^ [jkj C22 
e]hfib rb - #=EXP(C19)@&  

fqybiyekb uffyufhbit,t,bc itchekt,bc itvltu  
vjcfvpflt,tkb tnfgb fhbc lfchekt,ekb& f[kf^ eiefkjl 
vbpyj,hbdb cblbltt,bc fyufhbib ufydf[jhwbtkjs& H11 
e]hfib itdbnfyjs ajhvekf #=C22*EXP(-C20/B11)@ lf 
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vjdf[lbyjs vbcb rjgbht,f H12-H15 e]jt,ib& H16 ehfib 
rb dbyufhbijs H11-H15 cblbltt,bc ]fvb^ hbcsdbcfw 
itdbnfyjs ajhvekf #=SUM(H11:H15)@ 

fhtybecbc ufynjkt,bc cf,jkjj cf[tf% 
@C22*eC20/T@ 

vbqt,ek tktmnhjyek w[hbkc tmyt,f itvltub cf[t 
~yf[& 69`& 

 

 
yf[& 63& fhtybecbc rjtabwbtynt,bcf lf fmnbdfwbbc tythubbc ufvjsdkbc 
tktmnhjyekb w[hbkb ghjuhfvfib MS Exell& 
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7& UFVJSDKBSB MBVBBC 
CFAE”DKT<B 

 
 

ufvjsdkbsb mbvbf fhqdtdc vtwybtht,bc nhflbwbek 
cfpqdht,c lf bcts lbcwbgkbyt,c ijhbc fdct,c cbdhwtc^ 
hjujht,bwff thsbc v[hbd mbvbf^ [jkj vtjhtc v[hbd 
,bjkjubf^ abpbrf^ vfstvfnbrf^ rb,thytnbrf^ rjvgbenthe-
kb vtwybtht,t,b& mbvbbc tc lbcwbgkbyf xfvj.fkb,t,ekbf 
hfvjltybvt fstekb okbc oby [jkj ufvjsdkbsb mbvbbc 
;ehyfkbc Journal of Computational Chemistry ufvjwtvbc 
itvltu rb vbcb ufydbsfht,bc cbxmfht thsb-jhfl ufbpfhlf& 

ufvjsdkbsb mbvbbc lfybiyekt,f rjvgbenthbc cf-
iefkt,bs vjktrekt,pt tmcgthbvtynbc lf c[df jgthf-
wbt,bc xfnfht,ff& tc erfyfcrytkb pjubths itvs[dtdfib 
[fcbfslt,f vstkb hbub egbhfntcj,t,bs nhflbwbek mb-
vbeh ~kf,jhfnjhbek` tmcgthbvtynsfy itlfht,bs% 

• tmcgthbvtynb cheklt,f ufwbkt,bs cohfafl* 

• fh cfzbhjt,c ‘dbhflqbht,ekb htfutynt,bc 
ufvj.tyt,fc* 

• itcf’kt,tkbf /bgjstpehb htfutynt,bc ufvj.tyt,f* 

• tmcgthbvtynbc xfnfht,f gfhfvtnht,bc dfhbht,bc cfr-
vfjl lblb lbfgfpjybs& 

ufvjsdkbsb mbvbbc ‘bhbsflb fcgtmnt,bf% 
 vjktrekehb vjltkbht,f* 
 ufvjsdkbsb vtsjlt,b* 
 rjvgbenthbc cfiefkt,bs vjktrekt,bc lbpfbyb* 
 mbvbeh vjyfwtvsf ,fpt,b* 
 jhufyekb cbystpbc lfutuvdf-itveifdt,f& 
 
vjktrekehb vjltkbht,f bsdfkbcobyt,c jhufy-

pjvbkt,bfyb lf cfvufypjvbkt,bfyb cnhemneht,bc itmvyb-
cf lf sdbct,t,bc lflutyfc& 
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ufvjsdkbsb vtsjlt,b^ sfdbc v[hbd^ fyufhbij,c 
cnhemneht,cf lf vfs sdbct,t,c^ flutyc vjyfwtvt,bc ,fpfc^ 
hjvkt,bw cfzbhjf vjltkbc itmvybcfsdbc& 

 

7&1& UFVJSDKBSB VTSJLT<BC CFO>BCT<B 
 

ufvjsdkbsb mbvbf fthsbfyt,c c[dflfc[df vfstvf-
nbreh vtsjlc^ hjvkt,bw itb’kt,f lfb.jc jh lbl ]ue-
afl^ vjktrekehb vtmfybrf lf mdfynehb vtmfybrf& 

vjktrekehb vtmfybrf tae’dyt,f rkfcbrehb abpb-
rbc rfyjyt,c lf vjktrekbc ,bhsdt,c ufyb[bkfdc tktm-
nhjyt,bc ufhtit& 

mdfynehb vtmfybrf rb lfae’dyt,ekbf ihtlbyuthbc 
ufynjkt,fpt lf vjktrekfc fqothc tktmnhjyekb qhe,-
kt,bc cfiefkt,bs& mdfynehb vtmfybrf sfdbc v[hbd itb’kt-
,f lfb.jc jh ]ueafl% ab initio lf yf[tdfhtvgbhbek vtsj-
lt,fl ~yf[& 64`& 

 

mdfyneh-mbvbehb 
vtsjlt,b 

yf[tdfhtvgbhbekb 
vtsjlt,b 

Ab initio 

ufvjsdkbsb vtsjlt,b 

vjktrekehb 
vtmfybrbc vtsjlt,b 

yf[& 64& ufvjsdkbsb mbvbbc vtsjlt,b 
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7&2& UFVJSDKBSB VTSJLT<BC 
CFIEFKT<T<B 

ufvjsdkbsb vtsjlt,bc cfiefkt,bs ofhvjt,c vjkt-
rekbc ptlfgbhekb gjntywbehb tythubbc fyufhbib ~pgt`& 
tc erfyfcrytkb itcf’kt,tkbf ufy[bkek bmyfc hjujhw 
vjktrekfib itvfdfkb fnjvt,bc ehsbthsufdktybc ‘fkt-
,bc ]fvb& fvbnjv pgt-c vybidytkj,f itcf’kt,tkbf lfrfdib-
ht,ekb bmyfc vjktrekbc mbvbeh lf cnhemnehek sdbct-
,t,sfy& ufvjsdkbsb vtsjlt,b fyufhbibcfc b.tyt,ty c[df-
lfc[df vbf[kjt,fc fye  vfsb fyufhbibc itchekt,bc #upf@ 
ufyc[dfdt,ekbf^ vfuhfv itcf’kt,tkbf ufvjb.jc itvltub 
cf[bc cfthsj ,fpehb uffyufhbit,t,b% 

 othnbkjdfyb tythubbc fyufhbib - fv lhjc [jhwb-
tklt,f pgt-c fyufhbib vjwtvekb fnjvt,bc rjjh-
lbyfnt,bc vorhbdbcfsdbc* 
 utjvtnhbekb jgnbvbpfwbf - vjltkib fnjvt,bc bv-
udfhb vjlbabwbht,f^ hjltcfw fnjvt,bc ehsbths-
ufdktyf lfb.dfyt,f vbybvevfvlt lf itcf,fvbcfl vj-
ktrekbc chekb tythubf vbybvevc enjklt,f 
 sdbct,t,bc fyufhbib - pjubthsb abpbrehb lf mbvb-
ehb sdbct,bc ~ve[nbc cblblt^ lbgjkehb vjvtynb^ 
ofhvjmvybc cbs,j` uffyufhbit,f& 
 
ufhlf fvbcf^ fqybiyekb vtsjlt,b itcf’kt,tkbf 

ufvj.tyt,ek bmyfc cgtwbfkbpbht,ekb rdktdbcfsdbcfw^ 
hjujhbwff vfufkbsfl vjktrekbc rjyajhvfwbekb 
cnhemneht,bc vj’bt,f lf vjktrekehb lbyfvbrf& 

 

7&3& CFERTSTCJ VTSJLBC ITHXTDF 
vbe[tlfdfl bvbcf^ hjv itmvybkbf fhw se wjnf 

ufvjsdkbsb vtsjlb^ lqtbcfsdbc vfbyw fh fhct,j,c eyb-
dthcfkehb vtsjlb^ hjvkbc ufsdkt,bw lffrvf.jabkt,lf 
yt,bcvbth vjs[jdyfc& tc ‘bhbsflfl ufygbhj,t,ekbf ufs-
dkt,bc lblb cbhsekbs^ hfw b’ekt,ekc ud[lbc fvf se bv 
uffyufhbit,bcfc ufvjdb.tyjs c[dflfc[df vbf[kjt,t,b& vt-
sjlbc ithxtdfc elbltcb vybidytkj,f fmdc^ hfsf sfdblfy 
bmyfc fwbkt,ekb uffyufhbit,t,bc vybidytkjdfyb uflf[-
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ht,b se e[tib itwljvt,b& vtsjlbc ithxtdbcfc ufsdfkbc-
obyt,ekb eylf bmyfc bctsb afmnjht,b^ hjujht,bwff 
ufcffyufhbit,tkb vjktrekbc ,eyt,f^ uffyufhbit,bc vbpfyb 
lf lfybiyekt,f& pjubthsb ufvjsdkbsb vtsjlb b.tyt,c 
ufhrdtek tmcgthbvtynek vjyfwtvt,c& fvbnjv fv erfyfcr-
ytk itvs[dtdfib elbltcb vybidytkj,f fmdc tmcgthbvtyne-
kb vjyfwtvt,bc cbpecntcf lf hfjltyj,fc& uffyufhbit,t,bc 
xfnfht,bcfc fctdt ufsdfkbcobyt,ekb eylf bmyfc fgfhf-
nehbc cbv’kfdht ~rjvgbenthbc vjlbabrfwbf` lf uffyuf-
hbit,bc lhj& ptvjxfvjsdkbkb vtsjlt,blfy itb’kt,f 
ufvjb.jc itvltub cfvb ‘bhbsflb rhbnthbevb% 

• vjltkbc pjvf - vjltkbc pjvf itb’kt,f xfbsdfkjc 
cthbjpek vfkbvbnbht,ek afmnjhfl vtsjlbc 
ithxtdbcfc ~b[& w[hbkb 1`&  

w[hbkb 1& vjktrekfib fnjvt,bc vfmcbvfkehb hfjltyj,f 
ufvjsdkbsb vtsjlbc ithxtdbcfc 

vtsjlb fnjvt,bc vfmcbvfkehb  
hfjltyj,f 

ab initio 10 
yf[tdfhtvgbhbekb 100 
vjktrekehb vtmfybrf 1000 

 
ghjuhfvf  CS Mopac-ib^ hjvtkcfw b.tyt,c ghjuhf-

vekb gfrtnb CS Chem Office^ fnjvt,bc hfjltyj,f fh eylf 
fqtvfnt,jltc  300 fnjvc^ [jkj  #v’bvt@ fnjvbc hfjltyj-
,f fh eylf b.jc 120-pt vtnb& 

• gfhfvtnht,bc fhct,j,f – pjubthsb vtsjlbc cfief-
kt,bs uffyufhbit,f lfae’dyt,ekbf tmcgthbvtynek 
vjyfwtvt,pt& vfsb fhfcfrvfhbcj,bc itvs[dtdfib 
uffyufhbit,f itcf’kt,tkbf xfnfht,ek bmyfc lblb 
wljvbkt,t,bs& 

• fgfhfnehekb cfiefkt,t,b  - uffyufhbit,bc vtsj-
lbc ithxtdbcfc lbl hjkc sfvfij,c rjvgbenthbc 
cohfavjmvtlt,f^ dbyfblfy c[dflfc[df vtsjlc ufy-
c[dfdt,ekb lhj tcfzbhjt,f fyufhbibcfsdbc& fvfc-

106 

sfyfdt^ fyufhbibc lhj lfvjrblt,ekbf vjltkib 
itvfdfkb fnjvt,bc hfjltyj,fpt ~b[& w[hbkb 2`& 

 

w[hbkb 2& ufvjsdkt,bc lhjbc afhlj,bsb lfvjrblt,ekt,f 
vtsjlbc udfhj,fcf lf fnjvt,bc hfjltyj,fpt  

~N-vjltkib fnjvt,bc hfjltyj,f` 

vtsjlb fyufhbibc lhj 

ab initio N4 
yf[tdfhtvgbhbekb N3 fy N2 
vjktrekehb vtmfybrf N2 
 

7&4& UFVJSDKBSB VTSJLT<BC VJRKT 
VBVJ{BKDF 

vjktrekehb vtmfybrbc ufsdkt,bs itcf’kt,tkbf 
1000-vlt fnjvbc itvwdtkb vjltkt,bc uffyufhbit,f& 
fqybiyekb vtsjlb rfhu itltut,c b’ktdf jhufyekb 
yfthst,bc^ jkbujyerktjnblt,bc^ gtgnblt,bcf lf 
cfmfhblt,bc uffyufhbit,bcfc& bub fctdt vbcfqt,bf fbhfl 
afpfib v.jab yfthst,bcfsdbc& vjktrekehb vtmfybrbc 
uffyufhbit,bc vtsjlt,blfy fqcfybiyfdbf% 

 tythubbc vbybvfpfwbf^ hjvkbc cfiefkt,bsfw 
ofhvjt,c cnf,bkehb rjyajhvfwbekb ajhvbc 
lflutyf* 

 othnbkjdfyb tythubbc fyufhbib - bub cfief-
kt,fc b’ktdf itlfht,ekb bmyfc thsblfbubdt 
vjktrekbc hfvjltybvt rjyajhvfwbekb ajhvf* 

 rjyajhvfwbekb cbdhwbc vj’t,yf - bub vbbqotdf 
thstekjdfyb lb/tlhfkehb res[bc dfhbht,bs* 

 vjktrekbc vj’hfj,bc itcofdkf vjktrekehb 
lbyfvbrbc ufvj.tyt,bs& 

 
mdfyneh-vtmfybrehb vtsjlt,bc ufvj.tyt,f itlfht-

,bs lbl uffyufhbit,t,c vjbwfdc& fvbnjv vjltkib 
fnjvt,bc hfjltyj,bc kbvbnb vjktrekeh vtmfybrfcsfy 
itlfht,bs vwbhtf lf itflutyc 120 fnjvc& rdfyneh-
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vtmfybrehb uffyufhbit,t,b ofhvfnt,bs itb’kt,f ufvj.t-
yt,ekb bmyfc jhufyekb^ vtnfkjjhufyekb lf vwbht 
jkbujvtht,bc ~gtgnblt,bc^ yerktjnblt,bc^ cfmfhblt,bc` 
uffyufhbit,bcfsdbc& fbhflb afpbcf lf ufv[cytkbc 
ufhtvjwdbc uffyufhbit,bcfsdbc lf fctdt^ ‘bhbsflb^ fqup-
yt,ekb lf ufhlfvfdfkb vlujvfhtj,t,bc uffyufhbit,bcf-
sdbc& 

ab initio vtsjlb tvcf[eht,f 10 fnjvfvlt itvwdt-
kj,bc cbcntvt,c& fqybiyekb vtsjlbs itcf’kt,tkbf 
ufdbsdfkjs hjujhw jhufyekb lf vtnfkjhufyekb 
yfthst,b^ bct vjktrekehb ahfuvtynt,b ~typbvt,bc rfnf-
kbpehb rjvgjytynt,b`&  mdfyneh-vtmfybrehb ufsdkt,bs 
itcf’kt,tkbf vbqt,ekb bmyfc itvltub cf[bc byajhvfwbf%  

 vjktrekehb jh,bnfkt,bc tythubt,b lf 
cfresfhb dtmnjht,bc rjtabwbtynt,b* 

 yfthsbc ofhvjmvybc  cbs,jc hfjltyj,f* 
 vjktrekehb jh,bnfkt,bc rjtabwbtynt,bc 

cfiefkt,bs ufvjsdkbkb gfhwbfkehb 
fnjvehb ve[nt,b* 

 tktmnhjcnfnbrehb gjntywbfkt,b* 
 lbgjkehb vjvtynb* 
 ufhlfvfdfkb vlujvfhtj,bc tythubf lf utj-

vtnhbf* 
 ,vbc lbcjwbfwbbc tythubt,b* 

 
ufvjsdkbsb mbvbbc vtsjlt,b it]fvt,ekb cf[bs 

itcf‘kt,tkbf ofhvjlubyltc w[hbkbc cf[bs ~b[& lfyfhsb 
A`&  
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7&5& PTLFGBHBC GJNTYWBEHB TYTHUBF 
 
ptlfgbhbc gjntywbehb tythubbc cfiefkt,bs itcf’-

kt,tkbf f[cybkb bmyfc wfkrtekb vjktrekf lf vjkt-
rekt,bc fycfv,kb fy mbvbehb htfmwbbc cbcntvf& bub fctdt 
b’ktdf ofhvjlutyfc rjyajhvtht,bc ~xfvjafht,ekb lf 
lfve[hezt,ekb` afhlj,bs tythubt,pt& ptlfgbhekb gj-
ntywbehb tythubbc ufy[bkdbcfc eylf udf[cjdltc^ hjv mdt-
vjs xfvjsdkbkb itvs[dtdt,bcfsdbc ufvjsdkbkb ptlfgb-
hbc gjntywbehb tythubf ufyc[dfdlt,f thsvfytsbcfufy% 

 vjktrekt,b^ hjvtkybw itbwfdty ufyc[dfdt,ekb 
,eyt,bc  fnjvt,c ~vfu& tsfyb lf mkjhtsfyb`* 

 thsblfbubdt vjktrekt,bcfsdbc ‘bhbsfl lf fqu-
pyt,ek vlujvfhtj,t,fib* 

 thsblfbubdt itlutybkj,bc vjktrekt,bcfsdbc^ 
hjvtksfw  ufyc[dfdt,ekb fqyfuj,f fmds ~vfu&  
wbrkjghjgfyb lf ghjgtyb`& 
 
vjltkbc ptlfgbhbc gjntywbehb tythubbc ufvjcf-

[ekt,fc ofhvjflutyc vhfdfkufypjvbkt,bfyb ptlfgbhb^ 
hjvkbc ufypjvbkt,t,bc hbw[db lfvjrblt,ekbf lfvjerb-
lt,tk wdkflt,bc hfjltyj,fpt& dbyfblfy sbsjtek fnjvc 
uffxybf cfvb lfvjerblt,tkb wdkflb ~x,y,z rjjhlbyfnt,b` 
vhfdfkfnjvbfyb vjktrekbc ptlfgbhbc gjntywbehb tyth-
ubbc cehfsbc ufvjcf[df dbpefkehfl ite’kt,tkbf& sevwf 
itcf’kt,tkbf fv ghj,ktvbc ufypjuflt,f^ se  lfdfrdbhlt-
,bs v[jkjl jh hjvtkbvt wdkflc ~vfu& x lf y rjjhlb-
yfnc`&  fv erfyfcrytk itvs[dtdfib vbqt,ek cehfsc tmyt,f 
itvltub cf[t ~yf[& 65`& 
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pgt-c vf[fcbfst,tk othnbkt,c ofhvjflutyc tmcn-
htvevt,bc othnbkt,b% ukj,fkehb vbybvevb^ kjrfkehb 
vbybvevb lf vfmcbvevb&  cnhemnehbc .dtkfpt vluhflb rjy-
ajhvthb ittcf,fvt,f ukj,fkehb vbybvevbc othnbkc& fvb-

njv vjktrekbc gpt-c fmdc v[jkjl thsb ukj,fkehb 
vbybvevbc othnbkb& vbcufy ufyc[dfdt,bs^ vjktrekfc 
itcf’kt,tkbf /mjyltc hfvjltybvt kjrfkehb vbybvevbc 
othnbkb^ hjvtkbw ittcf,fvt,f cnf,bkeh  rjyajhvfwb-
ek ajhvt,c& kjrfkehb vfmcbvevbc othnbkt,b rb ittcf-
,fvt,f rjyajhvtht,c ijhbc ufhvflfvfdfk vlujvfhtj,t,c& 

yf[& 65& ptlfgbhbc gjntywbehb tythubbc ufvjcf[df jhb 
wdkflbcfsdbc 
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7&6& OTHNBKJDFYB TYTHUBBC 
UFFYUFHBIT<F 

othnbkjdfyb tythubbc fyufhbib itcf’kt,tkbf uf-
vj.tyt,ekb bmyfc vjwtvekb utjvtnhbbc vmjyt vjltkbc 
sdbct,t,bc fyufhbibcfsdbc& othnbkjdfyb tythubbc fyufhb-
ibcfc .ehflqt,f eylf vbtmwtc^ se ptlfgbhbc gjntywbehb 
tythubbc hjvtk othnbkib bv.jat,f vjwtvek vjvtynib 
vjktrekf% 

 ukj,fkehb vbybvevbc othnbkib othnbkj-
dfyb tythubbc fyufhbuib b’ktdf byajhvfwbfc 
vjktrekbc .dtkfpt vluhfl rjyajhvthpt* 

 kjrfkehb vbybvevbc othnbkib othnbkj-
dfyb tythubbc fyufhbib b’ktdf byajhvfwbfc 
vjktrekbc ths-ths cnf,bkeh rjyajh-
vthpt* 

 kjrfkehb vfmcbvevbc othnbkib othnbkj-
dfyb tythubbc fyufhbib b’ktdf byajhvfwbfc 
vjktrekbc ufhlfvdfkb vlujvfhtj,bc itcf-
[t,* 

 othnbkjdfyb tythubbc fyufhbib pgt-c c[df 
othnbkt,ib b’ktdf byajhvfwbfc yfthsbc 
rjyrhtnek utjvtnhbfpt^ hjvtkbw fhbc 
iefktlehb ajhvf cnf,bkeh lf ufhlfvfdfk 
ajhvt,c ijhbc& 

 
 

hjv othnbkjdfyb tythubbc cblbltt,b^ hjvtkbw 
vbqt,ekb bmyt,f c[dflfc[df vtsjlbs ufsdkbcfc^ fh 
itb’kt,f thsvfytsc bmyfc itlfht,ekb^ dbyfblfy 
sbsjtekb vtsjlb b.tyt,c cfresfh^ thsvfytsbcfufy 
ufyc[dfdt,ek vbf[kjt,t,c! 
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7&7& UTJVTNHBBC JGNBVBPFWBF 
utjvtnhbekb jgnbvbpfwbf tvcf[eht,f  vluhflb 

rjyajhvthbc vj’t,yfc& hjujhw otcb^ utjvtnhbek 
jgnbvbpfwbfc vbvfhsfdty yt,bcvbthb mdfyneh-vtmfybrehb 
ufsdkt,bc oby& tythubbc ukj,fkehb lf kjrfkehb vbyb-
vevbc vj’bt,f [ibhfl ittcf,fvt,f tythubbc vbybvbpfwbfc^ 
[jkj kjrfkehb vfmcbvevbc othnbkbc vj’bt,f vbesbst,c 
ufhvfdfvfkb vlujvfhtj,bc jgnbvbpfwbfc&  

utjvtnhbekb jgnbvbpfwbbc lhj lf itltub lfvj-
rblt,ekbf bcts afmnjht,pt^ hjujhbwff cnhemnehbc 
cfo.bcb utjvtnhbf^ utjvtnhbekb jgnbvbpfwbbc vbcfq-
otdfl ufvj.tyt,ekb aeymwbbc cf[t lf vbf[kjt,bc rhb-
nthbevb&  

utjvtnhbekb jgnbvbpfwbf vjbwfdc itvltub cf[bc 
jgthfwbt,bc itchekt,fc% gbhdtk hbuib ufvjbsdkt,f oth-
nbkjdfyb tythubf cnhemnehbc cfo.bcb utjvtnhbbcfsdbc& 
itvltu bwdkt,f hjvtkbvt fnjvbc fy fnjvt,bc cbdhwekb 
rjjhlbyfnt,b ~fye flubkb fmdc ,vbc cbuh’bcf lf ,vbc res-
[bc wdkbkt,fc` lf [tkf[kf ufvjbsdkt,f othnbkjdfyb 
tythubf& fqybiyek othnbkt,ib bsdkt,f fuhtsdt aeym-
wbbc gbhdtkb lf vtjht hbubc ofhvjt,ekt,b^ hjvkbc 
cfiefkt,bsfw lubylt,f hjujhw ukj,fkehb lf kjrfke-
hb vbybvevbc^ bctdt kjrfkehb vfmcbvevbc othnbkbc 
flubkvlt,fhtj,f&  

uffyufhbit,t,bcf lf cnhemnehekb wdkbkt,t,bc 
itnfyf lfvsfdhlt,f vfiby^ hjvltcfw vbqotekb bmyt,f 
tythubbc vbybvevb& 

ptvjyfsmdfvbc cfltvjycnhfwbjl itb’kt,f vjdb.-
dfyjs itvltub sdfkcfxbyj vfufkbsb& mdtvjs vjwtvek 
yf[fppt ~yf[& 66` cbvfhnbdbcfsdbc fqt,ekbf thsb wdkflbc 
aeymwbf& vfufkbsfl^ fyufhbib bo.t,f b othnbkib fye cfo-
.bcb cnhemnehbc gjntywbehb tythubf fhbc b. vbcb jgnb-
vbpfwbf vbudb.dfyc ukj,fkehb vbybvevbc othnbkib a&  
[jkj se fyufhbib lfbo.t,f d othnbkblfy^ vfiby jgnbvb-
pfwbf itbveifdt,c cnhemnehfc^ hjvkbc ptlfgbhbc gjnty-
wbehb tythubf bmyt,f f& fye  vbdbqt,s fhf .dtkfpt vluhfl 
cnhemnehfc^ fhcvtl ths-ths cnf,bkeh rjyajhvthc&  
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tythubbc uhflbtynbc vybidytkj,bc ithxtdbc vb[tl-

dbs itcf’kt,tkbf cnhemnehbc jgnbvbpfwbf^ hjujhw 
ukj,fkeh lf kjrfkeh vbybvevt,bc othnbkt,ib^ bct 
kjrfkehb vfmcbvevbc othnbkibw& rth’jl^ se tythubbc 
cblblt ‘fkbfy lblbf^ vfiby utjvtnhbekb jgnbvbpfwbf 
b’ktdf s[tvbc othnbkc^ fye cnhemnehfc^ hjvtkbw 
ufhlfvfdfk vlujvfhtj,fc ittcf,fvt,f& 

fhct,j,c hfvjltybvt vtsjlb^ hfsf sfdblfy bmyfc 
fwbkt,ekb cnhemnehbc jgnbvbpfwbf kjrfkehb vbyb-
vevbc othnbkib% 

 cnhemnehbc utjvtnhbf eylf itbwdfkjc 
vybidytkjdyfl lf sfdblfy ufy[jhwbtkltc 
vbybvbpfwbf 

 eylf xfnfhltc vjktrekehb lbyfvbrbc uffy-
ufhbit,f^ [jkj itvltu bylbdblekehb 
cnhemneht,bcfsdbc utjvtnhbekb jgnbvf-
wbf& 

 

7&8& SDBCT<T<BC FYUFHBIB 
pgt-bc cfiefkt,bs itcf’kt,tkbf uffyufhbit,ek 

bmyfc itvltub vf[fcbfst,kt,b% cnthbekb tythubf^ ofh-
vjmvybc cbs,j^ lbgjkehb vjvtynb^ ve[nbc cbvrdhbdt^ 

yf[& 66& gjntywbehb 
tythubbc obhb thsb 
wdkflbcfsdbc% 
a- ukj,fkehb vbybvevbc 
othnbkb^ c-kjrfkehb 
vfmcbvevbc othnbkb^ 
f-kjrfkehb vbybvevbc 
othnbkb^  
b, e lf d ufhlfvfdfkb 
othnbkt,b 

a

b

c

d

e

f

wdkflb cblblt

gj
n

ty
w

be
h

b 
ty

th
ub

f
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tktmnhjcnfnbrehb gjntywbfkt,b^ tktmnhjybc cgbybc 
cbvrdhbdt^ ptiteqkt,bc rjycnfynt,b^ fnjvehb ve[nt,b^ 
gjkfhbpt,flj,f^ h[tdbsb cb[ibhtt,b lf c[df& 

7&9& VTMFYBREHB LBYFVBRF  
~VJRKT VBVJ{BKDF` 

vjktrekehb vtmfybrf fqothc vjktrekbc gjnty-
wbeh tythubfc aeymwbbc rkfcbrehb upbs vbqt,ekb 
vorhbdbc cfiefkt,bs& gjntywbehb tythubbc aeymwbt,b lf 
gfhfvtnht,b rb b.tyt,ty t&o& #’fkeh dtkt,c@& vjktre-
kehb vtmfybrbc vtsjlt,b itvltu ghbywbgt,ptf 
lfae’dyt,ekb% 

 ,bhsdb lf tktmnhjyb fhbc itho.vekb lf ufy[bkdf 
ofhvjt,c eybabwbht,ek yfobkfrpt* 

 fnjvbc vfudfh yfobkfrc fmdc cathjct,hb ajhvf* 
 yfobkfrt,b thsvfytssfy lfrfdibht,ekb fhbfy 

jcwbkfnjht,bs ~pfv,fht,bs`* 
 yfobkfrt,c ijhbc ehsbthsmvtlt,f^ hjvkt,bw ths-

vfytssfy eiefkjl fh fhbfy lfrfdibht,ekyb^ 
ufyb[bkt,f rkfcbrehb vtmfybrbc rfyjyt,bs* 

 bylbdblekehb gjntywbehb aeymwbt,b  ufvjb.tyt,f 
c[dflfc[df ehsbthsmvtlt,bc fqothbcfsdbc% ,vbc 
h[tdf^ ,vbc res[bc wdkbkt,f lf njhcekb ~,vbc 
uht[df` tythubt,b lf fctdt fhf,vekb ehsbthsmvt-
lt,t,b* 

 gjntywbehb tythubbc aeymwbt,b tv.fht,f tvgbhb-
ekfl vbqt,ek gfhfvtnht,c ~’fkeh rjycnfynfc^ 
ojyfcojhj,bc cblbltc`^ hjvkt,bw fnjvsf 
vorhbdbc ehsbthsmvtlt,t,c fqothty* 

 fnjvbc nbgbc yfobkfrt,bc cbdhwbs ufyfobkt,fc vf-
sb ehsbthsmvtlt,t,bc ]fvehb cblblt ufycfpq-
dhfdc* 

 vjktrekeh vtmfybreh tythubfc fh uffxybf cfresf-
hb abpbrehb vybidytkj,f& bub ufvjb.tyt,f v[jkjl 
thsblfbubdt vjktrekbc jhb fy vtnb rjyajhvthbc 
cnthbekb tythubt,bc itlfht,bcfsdbc& 
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7&10& “FKEHB DTKB 
vjktrekehb vtmfybrf vjktrekfc ufyb[bkfdc hj-

ujhw pfv,fht,bs lfrfdibht,ek cathjt,c& pfv,fht,bc 
~,vt,bc` ltajhvfwbbc eyfhb ~ufzbvdf-itrevidf^ vjqeydf-
ufikf^ uht[df` fqbotht,f /erbc rfyjybs& fhf,vekb fnj-
vt,b rb ehsbthsmvtlt,ty dfy lth dffkcbc vbpblekj,bs^ 
cnthbekb ufypbldbs lf tktmnhjcnfnbrehb vbpble-
kj,f-ufypbldbs& fv sdbct,t,bc vfstvfnbrehb fqothf ‘f-
kbfy vfhnbdb bmyt,f^ se fnjvt,c ufhrdtekb hflbecbc cat-
hjt,fl ufydb[bkfds&  

vjktrekbc ]fvehb gjntywbehb tythubf itb’kt,f 
ufy[bkek bmyfc^ hjujhw ]fvb itvltub wfkrtekb ehsb-
thsmvtlt,t,bcf% 

tythubf = cnthbekb tythubf + qeydbsb tythubf + 
njhcekb tythubf + fhf,vekb fnjvt,bc 
ehsbthsmvtlt,bc tythubf 

xfvjsdkbkb ehsbthsmvtlt,t,b cmtvfnehfl ufvj-
cf[ekb fhbc yf[& 67-pt% 

ufhlf fqybiyekb ehsbthmvtlt,t,bcf^ gjntywbehb 

yf[& 67& fnjvt,c ijhbc ehsbthsmvtlt,bc cf[tt,b 

njhcekb

h[tdbsb

qeydbsb

fhf-,vekb ehsbthsmvtlt,f
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tythubbc pjubthsb aeymwbf b.tyt,c lfvfnt,bs rbltd c[df 
cf[bc ltajhvfwbt,c ~vfufkbsfl hjujhbwff ltajhvfwbf^ 
hjvtkibw itho.vekbf ,vbc cbuh’bcf lf res[bc thslhj-
ekb h[tdf`& fctsb ehsbthsmvtlt,bc itvjnfyf rbltd eahj 
cfbvtljcf lf pecnc [lbc vjktrekehb vtmfybrbc uffyufhb-
it,t,c^ sevwf vybidytkjdyfl fhsekt,c ufsdkt,c&  

vjktrekehb vtmfybrbc vbth ufvj.tyt,ekb  MM2 
vtsjlb  ofhvjflutyc fkbyuthbc vtsjlbc vjlbabrfwbfc& 
,vbcf lf ,vbc res[bc h[tdbsb tythubt,bc uffyufhbit,f rb 
/erbc rfyjybc vb[tldbs ofhvjt,c& gbhdtkb vfsufybc cffyuf-
hbij ajhvekf fhbc% 

2
071.94 ( )sE K r r= −∑h[tdf

,vt,b

 

Ks gfhfvtnhb ofhvjflutyc ,vbc ‘fkeh rjycnfynfc^ 
[jkj ro rb - ojyfcojhj,bc vfy’bkc& jhbdt cblblt eybrf-
kehbf ,vbc .jdtkb nbgbcfsdbc (C-C, C-H, O-C lf c[df`& 
hbw[dbsb rjtabwbtynb ~71&94` epheydtk.jac tythubbc 
ufypjvbkt,bc ufhlfmvyfc rrfk$vjkt,ib&  

vcufdcb ajhvekf ufvjb.tyt,f ,vbc res[bc tythubbc 
cffyufhbijl%  

2
00.02191418 ( )bE K= Θ−Θ∑qeydf

res[tt,b

 

Kb gfhfvtnhb f[fcbfst,c res[bc ltajhvfwbbc cbfl-
dbktc lf fyuekfhekb ‘fkehb rjycnfynbc cf[tkbs vj-

b[ctybt,f& bub^ ojyfcojhek res[bc cblbltcsfy ~Θ0` thsfl 
ofhvjflutyc eybrfkeh gfhfvtnhc ,vbc sbsjtekb nbgb-
cfsdbc^ [jkj hbw[dbsb rjtabwbtynb tvcf[eht,f tythubbc 
ufypjvbkt,bc uflf.dfyfc rrfk$vjkt,ib& 

njhcekb tythubf^ hjvtkbw f[fcbfst,c jhof[yfuf 
res[bc wdkbkt,fc^ ufbfyufhbit,f itvltub ajhvekbs% 

[1 cos( )]
2
nVE nφ φ= + −∑uht[df

njhcekb
res[tt,b

 

Vn/2 gfhfvtnhb fhbc njhcekb ‘fkehb rjycnfynf& 
fhf,vekb fnjvt,bc ehsbthsmvtlt,bs ufvjodtekb 

tythubf ofhvjflutyc o.dbk-o.dbkfl fqt,ek yt,bcvbth 
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i-eh lf j-eh obyfcofh ufycfpqdhek vfy’bkpt yfrkt,b 
lbcnfywbbs lfwbkt,ek fnjvsf ehsbthsmvtlt,bc tythub-
t,bc ]fvc&  

dfy lth dffkcbc tythubf& jh fhf,vek fnjvc ijhbc^ 
se bcbyb ufhrdtekb lbcnfywbbs fhbfy lfijht,ekyb^ 
fqb’dht,f ehsbthsmvtlt,f^ hjvtkcfw dfy lth dffkcbc 
ehsbthsmvtlt,f tojlt,f&  hjltcfw jh fcts fnjvc ijhbc 
vfy’bkb vwbht,f^ fqb’dht,f ufypbldbc ‘fkf^ [jkj vfy-
’bkbc ufphlbcfc rb - vbpblekj,bc ‘fkf& dfy lth dffkcbc 
tythubf bfyufhbit,f itvltub ajhvekbs% 

12.5/ 6(290000 2.25 )R

i j
E e Rε − −= −∑∑dfy lth dffkcb

 

cflfw * *
ij

i j

r
R

R R
=

+
 

erfyfcrytk ajhvekfib Ri
* lf Rj

* fhbc itcf,fvbcb 

fnjvbc dfy lth dffkcbc hflbecb^ ε f[fcbfst,c fnjvt,bc 
ehsbthsmvtlt,bc ,eyt,fc^ [jkj rij fhbc fnjvt,c ijhbc 
fmnefkehb lbcnfywbf& 

 
dfy lth dffkcbc ehsbthsmvtlt,bc itpqeldt,b& dfy 

lth dffkcbc ehsbthsmvtlt,f^ hjujhw b.j fqybiyekb^ 
ufyb[bkt,f yt,bcvbth jh fnjvc ijhbc^ hjvtkbw thsvf-
ytssfy eiefkjl fh fhbc lfrfdibht,ekb ,vbs& fvltyfl^ 
lblb pjvbc vjktrekt,ib^ fqybiyekb ehsbthsmvtlt,t,b 
bmyt,f efvhfdb^ hfw vybidytkjdyfl uffhsekt,c uffyubhb-
it,bc ghjwtcc& fvbnjv^ itvjqt,ekbf itpqeldt,b& rth’jl^ 
obyfcofh fhbc ufycfpqdhekb vfy’bkb^ hjvkbc ufhtsfw 
dfy lth dffkcbc ehsbthsmvtlt,f fqfh ufyb[bkt,f& vhf-
dfkfnjvbfyb cbcntvt,bcfsdbc fqybiyekb itpqeldt,bc 
itvjqt,bc ufvj uffyufhbit,bc ghjwtcb vybidytkjdyfl vfh-
nbdlt,f& 

tktmnhjcnfnbrehb tythubf& bub bfyufhbit,f itv-
ltub ajhvekbs% 

1 2

i j ij

q qE
Dr

=∑∑tktmnhjcnfnbrehb  
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tktmnhjcnfnbrehb tythubf fhf,vek fnjvsf ve[-
nt,bc ~q1,q2,…`^ fnjvsijhbcb vfy’bkbcf ~rij` lf vjktre-
kbc lbtktmnhbrekb itqotdflj,bc ehsbthslfvjrblt,e-
kt,bc aeymwbff& 

tktmnhjcnfnbreh ehsbthsmvtlt,fib v[tldtkj-
,fib vbbqt,f ufhtvjc ~ufv[cytkbc` ufdktyfw vjktrekfpt& 
fnjvt,bc ehsbthsufdktyf itb’kt,f lfb.jc wfkrtekb 
ehsbthsmvtlt,t,bc cf[bs^ hjvkt,bw bfyufhbit,bfy sfd-
sfdbcb ajhvekt,bs% 

 ve[nb-ve[nbc ehsbthsmvtlt,f% 

1 2332.05382
i j y ij

q qE
D r

= ∑∑  

 lbgjk-lbgjkehb ehsbthsmvtlt,f 

314.383 (cos 3cos cos )i j
i j

i j ij

E x
D rµ

µ µ
α α= −∑∑  

cflfw  αi lf αj fhbc res[t  jh lbgjkc ~µ1 lf µ2` 

ijhbc^ hjvtkcfw ofhvjmvybc rij dtmnjhb* Dµ fhbc 
tatmnehb lbtktmnhbrekb rjycnfynf* 

 lbgjk-ve[nbc ehsbthmvtlt,f 

2
69.120 (cos )i j

i
i j ij q

q
E

r D Dµ

µ
α= ∑∑  

 
hjujhw dfy lth dffkcbc ehsbthsmvtlt,bcfc^ 

tktmnhjcnfnbrehb ehsbthsmvtlt,bc lhjcfw fewbkt-
,tkbf itvjqt,ek bmyfc itpqeldt,b^ hbc o.fkj,bsfw uf-
vjsdkt,bc cbxmfht vybidytkjdyfl bphlt,f& itpqeldt,bc 
vbpfybf ufvjhbw[ekb bmyfc thsvfytsbcfufy vybidytkjdfyb  
vfy’bkbs lfwbkt,ekb fnjvt,bc ehsbthsufdktyf& vfuf-
kbsfl^ r vfy’bkbs lfwbkt,ekb jhb yfobkfrbc ve[nb-
ve[nb ehsbthsmvtlt,f ghjgjhwbekb fhbc 1/r cblblbcf 
lf vjktrekbc pjvblfy ufvjvlbyfht yekbcfrty 
vbbbcohfadbc 30-40Å vfy’bkpt& ve[nb-lbgjkb lf lbgj-
kb-lbgjkb ehsbthsmvtlt,f rb eahj vwbht vfy’bkpt 
o.dtnc fhct,j,fc ~18-25Å`& 
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cb,hn.bc ufhts uflfafhdf& vjktrekt,bc^ hjvkt,-

bw bv.jat,bfy sp2 /b,hblek vlujvfhtj,fib^ lfcf[fcbfst,-
kfl fewbkt,tkbf itvjqt,ek bmyfc cb,hn.bc ufhts uflf-
afhdbc vwyt,f& hjujhw wyj,bkbf^ p-qhe,kt,b^ hjvkt,bw 
gthgtylbrekfhekfl fhbfy vbvfhsekyb cb,hn.bc vbvfhs^ 
thsvfytsc uflfafhfdty udthlblfy& fqybiyekb ehsbths-
mvtlt,bc ~uflfafhdbc` tythubf MM2 vtsjlib bfyufhbit,f 
itvltub ajhvekbs& 

2 6
0 0[( ) ( ) ]bE K SFθ θ θ θ= − + −∑

cb,h.nbc 
ufhts 
uflfafhdf

 

cflfw SF fhbc vttmdct hbubc rjycnfynf^ hjvkbc vybidyt-
kj,t,b vjwtvekbf MM2 vtsjlbc gfhfvtnhbpfwbbc 
afbkib& 

π-,vt,b& vjktrekt,bcfsdbc^ hjvkt,bw itbwfdty π-
,vt,c^ MM2 vtsjlb b.tyt,c gfhbpth-gfh-gjgkbc ~t&o& PPP-
vtsjlb` π-jh,bnfksf fyufhbibc vtsjlc& π-cbcntvf 
ufybcfpqdht,f cfvb fy vtnb fnjvbc vorhbdbcfufy^ hjv-

kt,cfw fmds iteqkt,ekb π-cbcntvf& fvbnjv MM2 vtsj-
lbc lhjc ,vbc hbubc uffyufhbit,bcfc itb’kt,f vbqt,ek 
bmyfc vybidytkj,t,b 1^ 1&5^ 2 lf f&i& 

 

7&11& VJKTREKEHB LBYFVBRBC 
CBVEKFWBF 

 
vjktrekehb lbyfvbrf^ fv vwyt,bc afhsj ufut,bs^ 

t[t,f vjktrekt,bc vj’hfj,bc cbvekfwbfc& vjktrekt,bc 
vj’hfj,f mbvbehb ghjwtct,bcfsdbc ufye.jatkb atyjvtybf& 
vfufkbsbc cf[bs itb’kt,f efvhfdb itvs[dtdbc vj.dfyf% 
evfhnbdtcb db,hfwbf^ hjujhbwff ,vbc cbuh’bcf lf res[bc 
wdfkt,flj,f^ b’ktdf vjktrekt,bc bo cgtmnht,c& mbvbehb 
htfmwbt,b^ /jhvjyb-fmwtgnjhbc thsvfytssfy lfrfdibht,f 
lf c[df eahj hsekb ghjwtct,b lfrfdibht,ekbf c[df-
lfc[df cf[bc iblf - se vjktrekfsijhbc vj’hfj,fcsfy& 
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MM2 vtsjlb vjktrekt,bc lbyfvbrbc cbvekfwbbcfsdbc 
b.tyt,c ybenjybc rfyjyt,c& 

vjktrekehb lbyfvbrbc ‘bhbsflb itcofdkbc cfufyc 
ofhvjflutyc rjyajhvfwbekb ufhlfmvyt,b lf kjrfkehb 
db,hfwbt,b& bub cfat[eht,hbdfl bsdkbc vjktrekbc sfdb-
ceakt,bc [fhbc[c& uffyufhbit,bcfc rb tc cfat[eht,b 
ofhvjflutyty fnjvt,bc gjpbwbt,bc wdkbkt,fc& fv erfyfcr-
ytk itvs[dtdfib vfs uffxybfs ufhrdtekb rbytnbrehb 
tythubf& 

mbvbehb ghjwtct,bc vfvj’hfdt,tkb ‘fkf bfyufhb-
it,f sthvjlbyfvbrbc rfyjyt,bc cfiefkt,bs^ [jkj mbvbehb 
htfmwbbc vtmfybpvc rb rbytnbrf fqothc&  

vjktrekehb lbyfvbrbc uffyufhbit,f ofhvjflutyc 
abmcbht,ekb bynthdfkt,bc cfat[eht,bc thsj,kbj,fc 

~2&0×10-15 ov`& .jdtkb i-ehb fnjvbc  uflfflubkt,f x-
qth’bc vbvfhs bfyufhbit,f ,bbvtybc byntuhfkehb 
fkujhbsvbs itvltub ajhvekbc sfyf[vfl% 

xi=xi +Vi∆t + (5ai-ai°) (∆t)2/8 
y lf z qth’bc vbvfhs uflfflubkt,fw fqbotht,f 

fyfkjubehb ajhvekbs& vj.dfybk ajhvekfib xi (itcf,f-
vbcfl yi lf zi` fhbc ltrfhnbc rjjhlbyfnt,b^ Vi- cbxmfht^ 

ai - fxmfht,f^ ai° - fxmfht,f obyf cfat[ehpt^ ∆t lhjbc vjyfr-
dtsb obyf lf vbvlbyfht cfat[eht,c ijhbc& 

itvlujv tnfgpt bfyufhbit,f gjntywbehb tythubf 
lf vbcb ofhvjt,ekb ~gi`^ hjvtkbw sfdbc v[hbd ofhvj-
flutyc rjjhlbyfnt,bc itvlujvb fyufhbibc cfae’dtkc& 
.jdtkb f[fkb fxmfht,f lf cbxmfht itcf,fvbc cfat[ehpt 
bfyufhbit,f itvltub ajhvekt,bs% 

ai°°=ai°; ai°=ai; ai=-gi/mi; Vi=Vi+(3ai+6 ai°- ai°°)∆t/8 

7&12& MDFYNEHB VTMFYRBC VJRKT 
VBVJ{BKDF 

obyfvlt,fht sfdib ufy[bkekb bmyt,f v[jkjl bc 
‘bhbsflb fcgtmnt,b lf nthvbyjkjubf^ hjvkt,cfw b.tyt,c 
mdfynehb vtmfybrf^ hfsf pjuflb ofhvjlutyf itudtmvyfc 
fyufhbibc yf[tdfhtvgbhbek lf ab initio vtsjlt,pt lf fctdt 
vfs vbf[kjt,t,pt&  
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mdfyneh-vtmfybrehb vtsjlt,b vjktrekfc fqothc 
,bhsdt,bcf lf tktmnhjyt,bc ehsbthsufdktybc vwyt,t,bs& 

hjujhw ab initio^ bct yf[tdfhtvgbhbekb vtsjlb 
lfae’dyt,ekbf itvltu ghbywbgt,pt% 

 ,bhsdt,b lf tktmnhjyt,b fhbfy  thsvfyt-
sbcfufy ufyc[dfdt,ekyb* 

 tktmnhjy-tktmnhjybc lf tktmnhjy-,bh-
sdbc ehsbthsmvtlt,f fhbc pqdhekb* 

 ehsbthsmvtlt,f fhbc ufygbhj,t,ekb ,bh-
sdt,bcf lf tktmnhjyt,bc ve[nt,bcf lf 
tktmnhjyt,bc vj’hfj,bc ufvj* 

 ehsbthsmvtlt,t,b ufyfgbhj,t,c ,bhsdt,bcf 
lf tktmnhjyt,bc lf vfsb tythubbc sfdbct-
,eh ufyfobkt,fc* 

 mdfyneh-vtmfybrehb vtsjlt,b b.tyt,ty iht-
lbyuthbc nfkqehb aeymwbbc vbf[kjt,bs 
fvj[cyfc 

Hψ=Eψ 
 /fvbknjybfybc jgthfnjhb ~H` itbwfdc 

byajhvfwbfc tktmnhjyt,bcf lf ,bhsdt,bc 
itcf[t, cbcntvfib& tktmnhjybc nfkqehb 

aeymwbf ~ψ` fqothc tktmnhjybc vj’hfj,fc 
fy vlt,fhtj,fc& E  fhbc tythubf^ hjvtkbw 
ittcf,fvt,f tktmnhjybc ufhrdtek rjy-
rhtnek vlt,fhtj,fc* 

 ihtlbyuthbc ufynjkt,bc pecnb fvjyf[ctyb 
fhct,j,c v[jkjl thsb ,bhsdbcf lf thsb 
tktmnhjybc itvwdtkb cbcntvbcfsdbc& vbe[t-
lfdsfl fvbcf^ bub ofhvjflutyc cfae’dtkc 
yt,bcvbthb hsekb cbcntvbc uffyufhbit,b-
cfsdbc* 

 fvjyf[ctyb fqothc tktmnhjybc itcf’kj 
vlujvfhtj,t,bc cbvhfdktc& fqybiyekb 
vlujvfhtj,t,bc cbvhfdkt rb ufybcfpqdht,f 
fk,fsehb aeymwbbs^ hjvtkbw ofhvjflutyc 
nfkqehb aeymwbbc rdflhfnc 
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2 ( ) 1r drΨ =∫   

cflfw r fhbc hflbecb (x,y lf z) 
 fk,fseh aemwbfc fmdc efvhfdb fvjyf[ctyb& tc 

fvjyf[cyt,b bojlt,bfy fnjvehb jh,bnfkt,bc^ 
[jkj vfsb tythubt,b - jh,bnfkehb tythub-
t,bc cf[tkojlt,bs& 

 
 
/fvbknjybfybc vbf[kjt,t,b&  
gbhdtkb vbf[kjt,bc lfidt,f ufy[jhwbtklf ,jh-

jgty/tbvthbc vbth^ hjvtkbw thsvfytsbcfufy vb]yfdc tktm-
nhjyt,bcf lf ,bhsdt,bc tythubt,bc ehsbthmvtlt,fc& tktm-
nhjybcf lf ,bhsdbc vfct,c ijhbc lblb ufyc[dfdt,bc ufvj^ 
bsdkt,f hjv ,bhsdb ghfmnbrekfl e’hfdbf tktmnhjybc 
vbvfhs^ fye c[dfudfhfl hjv dsmdfs^ tktmnhjyb vj’hfj,c 
e’hfdb ,bhsdbc ufhitvj& tc rb cfiefkt,fc b’ktdf^ tktm-
nhjybc tythubf ufvjsdkbk bmyfc ,bhsdbc tythubbcfufy 
ufywfkrtdt,bs tktmnhjybc /fvbknjybfybc cfiefkt,bs&  

ihtlbyuthbc ufynjkt,bc tktmnhjyekb vjltkb 
itvltub cf[bcff% 

Htktmnhψtktmnh=Etktmnhψtktmnh 

 
itvlujvb vbf[kjt,bs ths hjvtkbvt tktmnhjypt 

vjmvtlt,c dtkb^ hjvtkbw itmvybkbf thslhjekfl .dtkf 
lfyfhxtyb tktmnhjybcf lf ,bhsdbc vbth& 

bsdkt,f^ hjv .jdtkb tktmnhjyb sfdbc cfresfh 
jh,bnfpt fhbc sfdbceafkb lf fh ufybwlbc vbcb vtpj,tkb 
tktmnhjyt,bc ufdktyfc& 

fvltyfl^ tktmnhjyekb /fvbknjybfyb rbltd eahj 
vfhnbdlt,f lf bqt,c thsb tktmnhjybc /fvbknjybfybc cf-
[tc& fctsb /fvbknjybfybc fvj[cyf rb erdt itcf’kt,tkbf& 

i
i

i

H H

H ψ εψ

=

=

∑ ta

tktmnh&

ta

 

fmtlfy ufvjvlbyfht^ vjktrekehb cbcntvt,bcfsdbc 
vbbqt,f thsb tktmnhjybc /fvbknjybfybc vfnhbwf& jhb 
fnjvehb jh,bnfkbc vmjyt cbcntvbcfsdbc udtmyt,f% 
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H H dµν µ νφ φ τ= ∫ ta  

vfuhfv vjktrekeh cbcntvt,ib fqybiyekb /fvbk-
njybfyb fh fqothc fhw jh lf vtnb tktvtynbc vmjyt 
cbcntvbc ehsbthsmvtlt,fc lf fhw tktmnhjyt,c ijhbc 
ehsbthsmvtlt,fc& fvbnjv^ bub vjlbabwbht,ekb bmyf itv-
ltuyfbhfl% 

Fψ=Eψ 
cflfw F fhbc ajrbc jgthfnjhb lf bub f]fvt,c thsb tktm-
nhjybc /fvbknjybfyt,c^ hjvtkbw fqothc ths tktm-
nhjycf lf ths tktvtync& vfcib fhbc ufsdfkbcobyt,ekb 
fuhtsdt jh tktmnhjyc ijhbc ehsbthsufdktyf& 

nfkqehb aeymwbbc itpqeldf&  vhfdfkb tktmnhj-
ybc vmjyt vjktrekehb jh,bnfkbcfsdbc ~vj` tktmnhjybc 

nfkqehb aeymwbf ~ψ` bvudfhflff ufhlfmvybkb^ hjv 
frvf.jabkt,ltc itvltu vjs[jdyt,c% 

 ψ aeymwbf lf.dfybkb eylf b.jc itvltu cf[tvlt 

2c d nψ ν
∞

−∞

=∫ ^ cflfw n fhbc tktmnhjyt,bc hbw[db^ 

b - lf.dfybc rjtabwbtynb^ ψ2  - cbvrdhbdbc fk,f-
sj,f& tc .jdtkbdt rb epheydtk.jac^ tktmnhjybc 
fhct,j,fc  cfo.bc vlujvfhtj,fib* 

 ψ eylf b.jc fynbcbvtnhbekb^ hfw ybiyfdc^ hjv vfy 
eylf itbwdfkjc ybifyb^ se flubkt,c itbwdkbfy 
tktmnhjyt,b itdct,ek vjktrekeh jh,bnfkpt& 
tc vjs[jdyf ufvjvlbyfhtj,c gfekbc frh’fkdbc 
ghbywbgblfy& 

 

cgbyehb aeymwbf& cgbyehb aeymwbt,b α lf β 
ofhvjflutyty tktmnhjybc yt,fhlfhsekb vj’hfj,bc 

vlujvfhtj,fc -½ lf +½ cgbyt,bc cf[bs& fv aeymwbbc 

fvjyf[ctyb ~ΦI` f[fcbfst,c vj-c lf cgbybc aeymwbfc& 
fnjvehb jh,bnfkt,bc ohabdb rjv,byfwbf ~fjor`&  

/fhnb-ajrbc ufynjkt,bc fvj[cyf^ vbe[tltdfl bvbcf^ hjv 
itcf’kt,tkbf fvjb[cyfc fnjvt,bcfsdbc^ vbeqt,tkbf vjkt-
rekt,bcfsdbc& vjktrekehb jh,bnfkt,bc fyufhbibcfsdbc 
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vbqt,ekbf fnjvehb jh,bnfkt,bc ohabdb rjv,byfwbbc 
vbf[kjt,bsb vtsjlb& fv vtsjlbs^ wfk-wfkrt bfyufhbit,f 
fnjvehb jh,bnfkt,b^ hjvtksf ohabdb rjv,byfwbf ~]fvb` 
b’ktdf vbpyj,hbd vj-c& 

i icν ν
ν

ψ φ=∑  

 
heenty-/jkbc vfnhbwekb ufynjkt,f& heenty-

/jkbc vfnhbwek ufynjkt,fc fmdc itvltub cf[t% 
FC=SCE 

 
bub itbwfdc ajrbc vfnhbwfc ~F`^ vjktrekehb 

jh,bnfkt,bc rjtabwbtynt,bc vfnhbwfc ~C`^ hjvtkbw 
vbqt,ekbf fjor-bs^ ptllt,ekb vfnhbwfc* ~S` lf vjktre-
kehb jh,bnfkt,bc tythubt,bc lbfujyfkbpt,ek vfn-
hbwfc ~E`& dbyfblfy^ ajrbc ufynjkt,f fhbc vjktrekehb 
jh,bnfkt,bc aeymwbf^ ptvjvj.dfybkb ajhvekbc rjvgj-
ytynt,b fh fhbc ohabdfl ehsbthslfvjrblt,ekb& 

 
ab initio vtsjlb&  ab initio ~#gbhdtkcfo.bcb ghby-

wbgt,blfy ufvjvlbyfht@` vtsjlb nfkqehb ufynjkt,bc 
fut,bcfsdbc b.tyt,c ajrbc jgthfnjhbc chek cf[tc& 

yf[tdfhtvgbhbekb vtsjlb rb b.tyt,c ajrbc jgthf-
njhbc ufvfhnbdt,ek cf[tc^ hjvtkibw thsb tktmnhjybc 
vfnhbwekb tktvtynb lf jhb tktmnhjybc byntuhfkb 
fhbc itwdkbkb tvgbhbekfl vbqt,ekb gfhfvtnht,bs& 

thsb tktmnhjybc yf[tdfhtvgbhbekb vtsjlb b.t-
yt,c thsb tktmnhjybc /fvbknjybfyc^ [jkj jhb tktm-
nhjybc yf[tdfhtvgbhbekb vtsjlb rb itcf,fvbcfl jhb 
tktmnhjybc /fvbknjybfyc^ hjvtkbw bsdfkbcobyt,c 
tktmnhjyt,bc ufypbldbc vjvtyncfw& 

ufafhsjt,ekb /bertkbc vtsjlb&  /bertkbc vjkt-
rekehb jh,bnfkt,bc vtsjlbc cfae’dtkpt itveifdt,ek 
bmyf ufafhsjt,ekb /bertkbc vtsjlb^ hjvtkbw ofhvj-

                                                 
* ptllt,ekb vfnhbwf fhbc rdflhfnekb vfnhbwf^ hjvtkcfw 

b.tyt,c ufvjsdkbsb mbvbf lf fqothc mdfynehb cbcntvt,bc ,fpehb 
dtmnjht,bc vorhbdbc ehsbthslfvjrblt,ekt,fc 
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flutyc ths-ths gbhdtk ths-tktmnhjybfy yf[tdfhtvgbhb-

ek vtsjlc^ hjvtkbw fthsbfyt,c hjujhw σ^ bct p dfkty-
neh cbcntvt,c& fqybiyekb vtsjlb lqtbcfsdbc afhsjl 
ufvjb.tyt,f^ hflufy rfhu itltut,c b’ktdf jhufyekb^ 
vtnfkjhufyekb lf fhfjhufyekb yfthst,bc ‘bhbsflb 
vlujvfhtj,t,bcfsdbc& 

ufafhsjt,ekb /bertkbc vtsjlbc ~EH – Extended 
Hamiltonoan` ufvj.tyt,f itcf’kt,tkbf vjktrekehb ptlf-
gbhbc cehfsbc itveifdt,bcfsdbc& 

fyufhbib ofhvjt,c itvltub ajhvekbc vb[tldbs% 

Hµν = -Iµ 

Hµν =0.5K(Hµµ+ Hνν)Sµν  µ≠ν 
cflfw Iµ fhbc µ jh,bnfkbc dfktynehb vlujvfhtj,bc 
bjybpfwbbc tythubf& 
 
 

7&13& CS MOPAC-IB UFVJ>TYT<EKB 
VTSJLT<B 

MOPAC uffyufhbit,bcfc b.tyt,c itvlu cf[bc 
vbf[kjt,t,c% 

• RHF - tc fhbc /fhnhb-ajrbc wyj,bkb vtsjlb^ 
hjvtkbw vjktrekfc ufyb[bkfdc hjujhw 
xfrtnbk cathek cbcntvfc lf fvltyfl eidt,c 
cgbyeh itpqeldt,c& tc erfyfcrytkb rb 
vybidytkjdyfl fvfhnbdt,c ajrbc vfnhbwfc& 

• UHF - tc vtsjlb α lf β tktmnhjyt,c ~cgb-
yt,bs +½ lf -½` ufyb[bkfdc wfk-wfkrt^ 
rth’jl vfs ufyfsfdct,c itcf,fvbc jh,b-

nfkt,pt^ hbc ufvjw α lf β tktmnhjyt,c 
fmdc ufyc[dfdt,ekb tythubf& UHF vtsjlb 
itb’kt,f xfnfht,ek bmyfc hjujhw 
xfrtnbk^ bct qbf cbcntvt,pt^ sevwf 
fyufhbibc lhj ,tdhfl lblbf obyf vtsjlsfy 
itlfht,bs^ hflufy ths jh,bnfkpt 
fhct,ekb tktmnhjyt,bc wfk-wfkrt 
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ufy[bkdbcfc byntuhfkbc fyufhbib jh]thff 
cfzbhj& 

 
MOPAC b.tyt,c fvj[cybc MINDO/3, MNDO, AM1, 

PM3, MNDO-d vtsjlt,c& 
 

MIDNO/3 stjhbf 
MINDO/3 (Modified Intermediate Neglect of Diatomic 

Overlap revision 3) fhbc ths-thsb .dtkfpt ‘dtkb vtsjlb& 
vfc lqtbcfsdbc ‘bhbsflfl v[jkjl bcnjhbekb 
lfybiyekt,f uffxybf& sevwf pjubths ujubhlitvwdtkb 
yfthsbcfsdbc uffyufhbit,f rfhu itltut,c b’ktdf& 

yf[fppt ~yf[& 68` vjwtvekbf jhfnjvbfyb o.dbkt,b^ 
hjvtkybw gfhfvtnhbpt,ekb fhbfy MINDO/3 vtsjlib& x 
cbv,jkjsb fqybiyekbf fnjvt,b^ hjvkt,bcsdbcfw fyuf-
hbib vbcfqt,bf^ [jkj (x)-bs rb – bc itvs[dtdt,b^ hjltcfw 
uffyufhbit,bc cbpecnt cftzdjf& 

H x          
B (x) (x)         
C x (x) x        
N x (x) x x       
O x (x) x x x      
F x (x) x x x x     
Si x  x    x    
P x  x     x   
S x  x x x x   x  
Cl x  x x x   x x x 
 H B C N O F Si P S Cl 

yf[& 68& lbfnjvehb gfhfvtnhbpt,f MNDO/3 vtsjlib 
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 MNDO stjhbf 

MNDO (Modified Neglect of Differential Overlap) 
vtsjlb itb’kt,f ufvj.tyt,ek bmyfc vemb ajybs vjwtvekb 
tktvtynt,bcfsdbc% 

 

12          He 
Li Be    B C N O F Ne 
Na Mg    Al Si P S Cl Ar 
K Ca   Zn Ga Ge As Se Br Kr 
Rb Sr   Cd In Sn Sb Te I Xe 
Cs Ba   Hg Tl Pb Bi Po At Rn 

 
 
MNDO vtsjlib itvjqt,ekbf itvltub cf[bc itp-

qeldt,b% 

• cnthbekfl uflfndbhsekb yfthst,b ~vfu& ytjgty-
nfyb` evluhflbf* 

• js[ otdhbfyb wbrkt,b vluhflbf* 

• /bgthdfktynehb yfthst,b ~vfu& cekajv;fdt,b` 
‘kbth evluhflbf 

• fmnbdfwbbc ,fhbthb ‘fkbfy vfqfkbf 

• ,typjkbc ,bhsdib xfyfwdkt,ekb ;fu,flitvwdtkb 
xfvyfwdkt,kt,b cb,hn.blfyff ufvjcekb& 
 
AM1 stjhbf 
AM1 (Austin Model 1) itb’kt,f ufvj.tyt,ek bmyfc 

itvltub tktvtynt,bc itvwdtkb yfthst,bcfsdbc% 
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H          He
Li Be    B C N O F Ne 
Na Mg    Al Si P S Cl Ar 
K Ca   Zn Ga Ge As Se Br Kr

Rb Sr   Cd In Sn Sb Te I Xe 
Cs Ba   Hg Tl Pb Bi Po At Rn

 
AM1 vtsjlb fhbc MNDO vtsjlbc fyfkjubehb lf 

itveifdt,ekbf fv erfyfcrytkbc ufev]j,tct,bs& rth’jl^ 
o.kbc lbvthib o.fk,flehb ,vt,bc h[tdbsb tythubf 
itflutyc 5^5 rrfk$vjkc^ hfw tmcgthbvtynek vjyfwtvt,sfy 
f[kjcff& htfmwbbc fmnbdfwbbc ,fhbtht,bc fyufhbib eahj 
lblb cbpecnbs [lt,f^ dblht MNDO vtsjlib& lf[dtobkbf 
vfqfkb dfktynj,bc ajcajhitvwdtkb yfthst,bc fyufhbib& 

AM1 vtsjlbs ∆Hf  tythubbc fyufhbibcfc wljvbkt,f 
40)-bs yfrkt,bf MNDO vtsjlbc fyufhbibc wljvbkt,fpt& 

 
PM3 vtsjlb 
PM3 (Parameterized Model revision 3) vtsjlbc ufvj-

.tyt,f vbpfyitojybkbf itvltub vemb ajybs ufvj[fnekb 
tktvtynt,bc itvwdtkb yfthst,bcfsdbc% 

 
H          He 
Li Be    B C N O F Ne 
Na Mg    Al Si P S Cl Ar 
K Ca   Zn Ga Ge As Se Br Kr 

Rb Sr   Cd In Sn Sb Te I Xe 
Cs Ba   Hg Tl Pb Bi Po At Rn 

 
 

 
PM3 vtsjlb vbqt,ekbf AM1 vtsjlbc gfhf-

vtnhbpt,bs lf fvltyfl ofhvjflutyc itlfht,bs ufev-
]j,tct,ek vtsjlc& vfqfkdfktynehb yfthst,bc uffy-
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ufhbit,f eahj lblb cbpecnbs ofhvjt,c AM1 vtsjlsfy 
itlfht,bs&  

7&14& VJKTREKEHB VTMFYBRBC ~MM2` 
FYUFHBIB 

vjktrekehb vtmfybrbc fyufhbib ofhvjt,c ghju-
hfvf Chem3D-c ~gfrtnb ChemOffice` cfiefkt,bs& 

vjltkbc afy]fhfib lfdbnfyjs cnhemnehf ~b[& 
cfvufypjvbkt,bfyb cnhemneht,bc fut,f^ § 5&2&`& cnhemne-
hbc fut,bc itvltu^ vjktrekehb vtmfybrbc uffyufhbit,bc 
lfo.t,fvlt fewbkt,tkbf vjcfvpflt,tkb cfveifjt,bc xf-
nfht,f - tythubbc vbybvfpfwbf& fvbcfsdbc ufdffmnbehjs 
,h'fyt,f Minimize Energy ~tythubbc vbybvbpfwbf`^ hjvt-
kbw vjsfdct,ekbf vtybeib MM2. trhfypt xfvjbikt,f vt-
ybe^ hjvtkbw vjbwfdc itvltu ,h'fyt,t,c% 

 

• Repeat MM2 Job ~ufbvtjht MM2 lfdfkt,f`& fqybi-
yekb ,h'fyt,f MM2 fyufhbibc itchekt,fvlt vbeodlj-
vtkbf ~bub trhfypt ,fwb athbs xfyc`&  vbcb uffmnbeht,f 
[lt,f fdnjvfnehfl vjktrekehb vtmfybrbc fyufhbibc 
itchekt,bc itvltu& vbcb lfybiyekt,ff ufvtjht,ek 
bmyfc vjktrkehb vtmfybrbc uffyufhbit,f obyf uffyuf-
hbit,bcfc ithxtekb gfhfvtnht,bs&  

• Run MM2 Job (MM2 lfdfkt,bc itchekt,f` - ,h'fyt,bc 
uffmnbeht,f b'f[t,c trhfypt lbfkjubc afy]fhfc^ 
hjvkbc cfiefkt,bsfw eylf fdbhxbjs MM2 lfdfkt,bc 
itchekt,bc obyfcofhitmvybkb bybwbfkbpfwbbc afbkb^ 
hjvkbc ufafhsjt,fw fhbc *.jdf (Job description file)& 
vfcib byf[t,f 'bhbsflb gfhfvtnht,b^ hjvkbc vb[tldb-
sfw ofhvjt,c fyufhbib& 

• Minimize Energy (tythubbc vbybvbpfwbf) – itveifdlt,f 
vjktrekbc bctsb cnhemnehf^ hjvtkcfw .dtkfpt 
vwbht tythubf ittcf,fvt,f& vbcb uffmnbeht,bc itvltu 
trhfypt ufvjcek lbfkjubc afy]fhfib [lt,f uffy-
ufhbit,bc wljvbkt,bc ithxtdf ~bub fdnjvfnehfl 0&1-
bc njkbf`&  
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vfufkbsbc cf[bs ufydb[bkjs tsfybc vjktrekf& 
MM2 vtsjlbc ufvj.tyt,bs itdflfhjs thsvfytsc tsfybc 
xfvjafht,ekb lf lfve[hezt,ekb rjyajhvtht,b% 
6. File ~afbkb` vtybelfy fdbhxbjs ,h'fyt,f New Model 

~f[fkb vjltkb`& trhfypt ufb[cyt,f f[fkb ceasf cfve-
ifj udthlb - vjltkbc afy]fhf& 

7. fdbhxbjs vjo.j,bkj,f -Text Building ~ntmcnbc 
fut,f`& 

8. lfdorfgeyjs sfueyfc vfhw[tyf qbkfrb& ufvjxylt,f 
ntmcnbc itnfybc afy]fhf rehcjhbs& 

9. fdrhbajs ntmcnb% #CH3CH3@& Enter qbkfrbc lfzthbc 
itvltu ntmcnb ufhlfbmvyt,f cnhemnehfl& 

10. fnjvt,bc yevthfwbbcfsdbc ~hfsf bcbyb thsvfytbcfufy 
erts bmyfc ufhxtekb` ufdffmnbehjs ]th vtybe Object 
~j,btmnb`^ [jkj itvltu mdtvtybe - Show serial num-
bers ~cthbekb yevthfwbbc xdtyt,f`& fv erfyfcrytkb 
vtybec uffmnbeht,bc itvltu sfueyfc vfhw[tyf qbkfrb 
lfdforfgeyjs xfvhsdtkpt Show ~xdtyt,f`*& cnhem-
nehbc fnjvt,b fdnjvfnehfl lfbyjvht,f& 

11. MM2 vtybelfy fdbhxbjs ,h'fyt,f Minimize Energy 
~tythubbc vbybvbpfwbf`& .dtkf gfhfvtnhb lfdnjdjs 
ewdktkfl lf ufdffmnbehjs qbkfrb Run ~ufidt,f`& 

12. lfbo.t,f fyufhbib^ hjvkbc [fyuh'kbdj,f lfvjrblt-
,ekbf rjvgbenthbc ntmybreh gfhfvtnht,pt& fyufhbib 
o.lt,f vfiby^ hjltcfw uhflbtynbc vybidytkj,f vwbht 
bmyt,f 0&1-pt& rfkrekfwbbc lfvsfdht,bc itvltu^ 
fyufhbibc trhfypt ufvjnfyf itcf'kt,tkbf fyufhbibc 
itltut,bc afy]hbc ufafhsjt,bs& fvbcfsdbc^ sfueyfc 
qbkfrb eylf lfdforfgeyjs afy]hbc ufafhsjt,bc 
qbkfrpt^ hjvtkcfw cfvres[tlbc ajhvf fmdc ~b[&yf[& 
65`& 

fyufhbibc itltut,c tmyt,f lff[kjt,bs itvltub 
cf[t% 

                                                 
* itybidfyf! yevthfwbf [ibhfl fh tvs[dtdf IUPAC-bc 

yevthfwbfc 
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hbw[dbsb vjyfwtvt,b itb'kt,f evybidytkjl ufy-

c[dfdt,ekb b.jc^ hfw ufygbhj,t,ekbf rjvgbenthbc ghj-
wtcjhpt lf vfstvfnbreh sfyfghjwtcjhpt& 

fyufhbibc itltut,blfy xfyc^ hjv rjyajhvthbc 
chekb tythubf 0&8180 rrfk$vjkc elhbc^ [jkj 1^4-dfy 
lth dffkcbc tythubf rb - 0&6768 rrfk$vjkc& 

bvbcfsdbc hjv ufdfhrdbjs se hjvtk rjyajhvthc 
ittcf,fvt,f fut,ekb cnhemnehf^ cfzbhjf byf[jc 
lb/tlhfkehb res[bc vybidytkj,f& fvbcfsdbc vjdybiyjs 
fnjvt,b H4, C1, C2 lf H7. vjybidyf ofhvjt,c Shift qbkf-
rbc lfzthbk vlujvfhtj,fib sfueyfc vfhw[tyf qbkfrpt 
lforfgeyt,bs& vjybidybc itvltu fnjvt,b athc bwdkbfy& 

ufdffmnbehjs ,h'fyt,f Set Dihedral Angle ~lb/t,-
hfkehb res[bc ithxtdf`, hjvtkbw vjsfdct,ekbf vtybeib 

yf[& 69& fyufhbibc itltut,bc xdtyt,bc afy]fhf 



131 

Object ~j,btmnb`. vjltkbc afy]hbc vfh]dybd ufb[cyt,f 
f[fkb afy]fhf^ hjvtkibw vjwtvekb bmyt,f lb/tlhfkehb 
res[bc vybidytkj,f -59&985& 

w[flbf^ tc vybidytkj,f ittcf,fvt,f lfve[hezt,ek 
rjyajhvtht,c^ fye tythutnbrekfl .dtkfpt [tkcf.htk 
cnhemnehfc& 

fqybiyekbc dbpefkehb ltvjycnhfwbbcfsdbc 
cnhemnehf itvjdfnhbfkjs bct^ hjv lfrdbhdt,fl C1 
fnjvc erfy xfvjtafhjc C2 fnjvb ~yf[& 70`&  

 

xfvjafht,ekb rjyajhvthbc vbqt,bcfsdbc ufypjvb-
kt,t,bc w[hbkib lb/tlhfkehb res[bc vybidytkj,fib 
itdbnfyjs #0@ lf [tkf[kf vbdwts vbybvbpfwbbc ,h'fyt,f 
MM2 vtybelfy& vbqt,ekb vjltkb vjwtvekbf yf[& 71-pt& 
fyufhbic itvltub cf[t tmyt,f% 

 
 
hjujhw fyufhbibc itltut,blfy xfyc^ ]fvehb 

tythubf 3&5519 rrfk$vjkbf^ [jkj ufyc[dfdt,f xfvjafht-
,ek lf lfve[hezt,ek ajhvt,c ijhbc - 2&73 rrfk$vjkb& 
vbqt,ekb vybidytkj,f rfhufl tsfyflt,f  tmcgthbvtynek 
vjyfwtvt,c& 

yf[& 71& tsfybc xfvjafht,ekb 
rjyajhvthb 

yf[& 70&  tsfybc lfve[htzt,ekb 
rjyajhvthb 
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se lfdfrdbhlt,bs 1^4-dfy lth dffkcbc tythubfc ~1^4 
VDW`^ dyf[fds^ hjv vbcb vybidytkj,f bvfnt,c 0&6768 
rrfk$vjkblfy 1&1553 rrfk$vjkfvlt^ hfw hf smvf eylf 
kjubrehbf& 

f[kf ufydb[bkjs wbrkj/tmcfybc vjktrekf& itdf-
lfhjs thsvfytsc ndbcn-yfdbcf lf cfdfh'kbc ~ukj,fkehb 
vbybvevb` rjyajhvtht,b& fdfujs cnhemnehf obyf vfufkb-
sbc fyfkjubehfl& ntmcnbc itnfybc vjo.j,bkj,fib fdrhb-
ajs% #CH2(CH2)5@& vjltkbc afy]fhfib fbut,f wbrkj-
/tmcfybc vjktrekf& cnhemnehbc #ufceasfdt,bcfsdbc@ 
itdfchekjs ,h'fyt,f Clean Up Structure ~cnhemnehbc 
#ufceasfdt,f@` vtybelfy Tools ~vjo.j,bkj,t,b`& tc 
,h'fyt,f tythubbc vbybvfpfwbbc vcufdcbf^ vfuhfv bub v[j-
kjl ,vt,bcf lf ,vbc res[tt,bc cnfylfhnek vybidytkj-
,t,c b.tyt,c& cnhemnehfib .dtkf ,vbc cbuh't lf res[t 
cnfylfhnek vybidytkj,t,c enjklt,f& fvbc itvltu 
cnhemnehf dbpefkehfl  eahj #kfvfpfl@ ufvjb.eht,f& 
tythubbc vbybvbpfwbbc lhjc rb flubkb fmdc ,vt,bc cbuh't-
t,bcf  lf res[tt,bc uffyufhbit,fc lf vfsb cblbltt,bc htf-
keh vybidytkj,t,sfy vbf[kjt,fc& fvbnjv itvltub ,h'f-
yt,bs eylf itdfchekjs tythubbc vbybvfpfwbf& fvbcfsdbc 
ufdffmnbehjs ,h'fyt,f Minimize Energy ~tythubbc vbybvb-
pfwbf` vtybelfy MM2& hjltcfw vbybvbpfwbf lfvsfdhlt,f^ 
cnhemnehf itvjdf,heyjs bct^ hjv vfy vbbqjc cehfspt 
yfxdtyt,b cf[t ~yf[& 72`& 

hjujhw cehfsblfy xfyc^ vbqt,ekb rjyajhvthb fh 
tsfyflt,f cfdfh'kbc ajhvfc ~ukj,fkeh vbybvevc`^ fhfvtl 
bub ittcf,fvt,f ths-ths vluhfl rjyajhvthc& 

fyufhbibc itltut,b itvltub cf[bcff% 

  
]fveh tythubfib^ .dtkfpt lblb obkb 1^4 dfy lth 

dffkcbcf lf njhcek tythubt,c itfmds&  
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wyj,bkbf^ hjv wbrkj/tmcfybcfsdbc lfvf[fcbfst-
,tkbf 6 vluhflb rjyajhvfwbekb cnhemnehf^ hjvtkbw 
ittcf,fvt,f kjrfkeh vbybvevbc othnbkt,c^ jhb ukj,f-
kehb vbybvevbc cnhemnehf lf vhfdfkb ufhlfvfdfkb 
vlujvfhtj,bc rjyajhvthb ~hjvtksf ijhbc ths-thsb 
fhbc yfdbc ajhvf`& 

f[kf vjd't,yjs^ wbrkj/tmcfybc .dtkfpt vluhflb 
rjyajhvthb^ ukj,fkehb vbybvevbc othnbkbc itcf,fvbcb 
cnhemnehf ~cfdfh'kbc ajhvf`& 

gbhdtk hbuib^ trhfypt ofhvjlutybkb ndbcn-ajh-
vf hjv eahj sdfkcfxbyjl ofhvjxbyltc^ vfc xfvjdfwbkjs 
o.fk,flfnjvt,b& fvbcfsdbc cfzbhjf ufdfgfcbehjs ,h'fyt,f 
Show H's and Lp's ~H-bc lf Lp-c xdtyt,f`^ hjvtkbw 
vjsfdct,ekbf vtybeib Tools ~vjo.j,bkj,t,b`& o.fk,fl-
fnjvt,bc #ufmhj,bc@ itvltu yf[ibh,fljdfy xjyx[c itvltub 
cf[t tmyt,f ~yf[& 73`& 

 

yf[& 72& wbrkj/tmcfybc ths-thsb vluhflb rjyajhvthb 

yf[& 73& wbrkj/tmcfybc 
ths-thsb 
rjyajhvthb 
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vjdybiyjs C1 fnjvb lf sfueyfc cfiefkt,bs xfvj-
dbnfyjs cb,hn.bc mdtvjs^ [jkj C4 fnjvb rb gbhbmbs - 
fdbnfyjs cb,hn.bc ptvjs& fv nhfycjhvfwbbc itvltu^ w[f-
lbf^ bhqdtdf ,vbc cbuh'tt,b lf res[tt,b& fvbnjv [tkf[kf 
itdfchekjs tythubbc vbybvbpfwbf&  

fyufhbibc lfvsfdht,bc itvltu cnhemnehf itvj-
df,heyjs bvudfhfl^ hjv cfdfh'kbc ajhvf sdfkyfskbd 
ufvjxyltc ~yf[& 74`% 

 
fyufhbibc itltut,blfy xfyc^ hjv tythubt,c ijhbc 

ufyc[dfdt,f itlutyc 5^5 rrfk$vjkc^ hjvtkbw rfhu sfy-
[dtlhfibf tmcgthbvtynek vjyfwtvt,sfy& 

 
 

7&15& VJKTREKEHB LBYFVBRF 
vjktrekehb lbyfvbrf tae'dyt,f ybenjybc vtmfyb-

rbc rfyjyt,c lf b'ktdf fnjvt,bc vj'hfj,bc cbvekfwbfc^ 
hjvtkbw sfdbc v[hbd erfdibhlt,f vjltkbc rbytnbreh 
tythubfc&  

vjktrekehb lbyfvbrbc uffyufhbit,bcfsdbc cfzb-
hjf fut,ek bmyfc cnhemnehf xdtysdbc erdt wyj,bkb vt-
sjlt,bs lf ufy[jhwbtkltc tythubbc vbybvfpfwbf ,h'f-
yt,bs Minimize Energy ~tythubbc vbybvbpfwbf`& se cfzbhjf 
cbvekfwbbc lhjc sdfk.ehb dfltdyjs vbvlbyfht cblb-
ltt,c^ vfiby fewbkt,tkbf vjbybiyjc itcf,fvbcb fnjvt,b& 

yf[& 74& wbrkj/tmcfybc cfdfh’kbc rjyajhvthb 

⊂ Strech: 0.3318 
⊂ Bend: 0.3623 
⊂ Strech-Bend: 0.0875 
⊂ Torsion: 2.1564 
⊂ Non-1,4 VDW: -1.0628 
⊂ 1,4- VDW: 4.6852 
⊂ Total: 6.5605 
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fvfcfsfy^ Analyze ~fyfkbpb` vtybelfy xfhsekb eylf bmyfc 
,vbc cbuh'bcf ~Set Bond Length` lf ,vbc res[bc ~Set Bond 
Angle` ufypjvbkt,t,b^ hbcsdbcfw vjybidybc ybifyb lfdcdfs 
,h'fyt,t,bc Show ~xdtyt,f` oby& 

,jkjc ufdffmnbehjs ,h'fyt,f Molecular Dynamics 
~vjktrekehb lbyfvbrf` vtybelfy MM2& ufvjyfst,ek lbf-
kjubc afy]fhfib ewdktkfl lfdnjdjs .dtkf gfhfvtnhb 
lf ufdffmnbehjs rfkrekfwbbc lfo.t,bc qbkfrb Run 
~ufidt,f`& 

vfufkbsbcfsdbc ufydb[bkjs gjkbasjhtsbktybc 
vjktrekbcfsdbc vjktrekehb lbyfvbrbc nhftmnjhbf% 
1. fdbhxbjs ,h'fyt,f New Model ~f[fkb vjltkb` vtyb-

elfy File ~afbkb`* 
2. fdbhxjs ntmcnehb fut,bc vjo.j,bkj,f*  
3. vjltkbc afy]fhfib fdrhbajs ntmcnb #F(C2F4)6F@& 

 
vjltkbc afy]fhfib fbut,f gjkbasjhtsbktybc 

cnhemnehf& 
f[kf itb'kt,f erdt ufydf[jhwbtkjs uffyufhbit,f% 

1. vjdybiyjs C2 lf C33 fnjvt,b ~erblehtcb vfh]dtyf lf 
vfhw[tyf fnjvt,b - vjybidyf itcf'kt,tkbf Shift qbkf-
rbc ufvj.tyt,bs`& 

2. vtybelfy Object ~j,btmnb` fdbhxbjs ,h'fyt,f Set 
Distance ~vfy’bkbc ithxtdf`& ufypjvbkt,t,bc w[hbkib 
ufvjxylt,f fnjvt,c ijhbc vfy'bkbc vybidytkj,t,b& 

136 

3. ufdffmnbehjs ,h'fyt,f Molecular Dynamics ~vjktre-
kehb lbyfvbrf` vtybelfy MM2& ufvjyfslt,f lbfkjubc 
afy]fhf ~yf[& 75`& 

4. uflfcfhsfdbs ufdffmnbehjs Job Types ~lfdfkt,bc 

nbgb` lf vjybidybc ybiyt,b lfdcdfs ,h'fyt,t,bc Record 
Each Iteration ~.jdtkb vbf[kjt,bc xfothf` lf Copy 
Measurements to Messages ~uffyufhbit,bc itltut,bc 
itn.j,byt,bc afy]fhfib rjgbht,f`&  

5. ufdffmnbehjs qbkfrb Run ~ufidt,f`. lfbo.t,f rfk-
rekfwbf& fyufhbibc lfchekt,bc itvltu ufdffmnbehjs 

yf[& 75& vjktrekthb lbyfvbrbc fyufhbibc afy]fhf 
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itltut,bc afy]hbc ufafhsjt,bc qbkfrb ~b[& yf[& 69`& 
fyufhbibc itltut,c tmyt,f itvltub cf[t% 

 
 
6. lfdforfgeyjs qbkfrpt Stop ~itxtht,f` ~yf[& 69`^ hjlt-

cfw 20-pt vtnb xfhxj bmyt,f yffyufhbit,b& 
 
fyufhbib itxthlt,f& fvbc itvltu xdty udfmdc cfief-

kt,f^ ufdbvtjhjs xfnfht,ekb fyufhbib^ hjujhw dbltj 
rkbgb& fvbcfsdbc vwjwb uflfdfflubkjs cfo.bc vlujvf-
htj,fib lf ufdffmnbehjs Start ~lfo.t,f` qbkfrb ~yf[& 69`&  

itltut,bc afy]fhfib sbsjtekb xfhxjcsdbc fbcf-
[t,f itcf,fvbcb vybidytkj,t,b& fvltyfl^ xdty udtmyt,f cf-
iefkt,f lfdfrdbhlts fyufhbibc vcdktkj,bc ghjwtcc& 

yf[& 76-pt ofhvjlutybkb ptlf cehfsb ittcf,fvt,f 
fyufhbibc lfo.t,fvlt fhct,ek cnhemnehfc^ [jkj mdtlf 
rb - fyufhbibc ito.dtnbc itvltu vbqt,ek cnhemnehfc& 
itdybiyjs^ hjv C2-C33 vfy'bkb 9&4Å-lfy bwdkt,f 13&65Å-
vlt& 
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yf[& 76 gjkbasjhtsbktybc vjltkb& ptlf cmhemnehf 
ittcf,fvt,f vjktrekehb lbyfvbrbc uffyufhbit,fvlt fhct,ek 
vjltkc^ [jkj mdtlf cnhemnehf rb – uffyufhbit,bc itvlujv 
vjltkc& 
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7&16& VJLTKBC TKTMNHJYEKB 
RJYABUEHFWBBC UFYCFPQDHF 

MOPAC-bc uffyufhbit,bc itchekt,bc oby ithxtek 
eylf bmyfc vjltkbc tktmnhjyekb rjyabuehfwbf& 
MOPAC-c tcfzbhjt,f vjktrekbc htpeknfnehb ve[nb^ 
hfsf ufycfpqdhek bmyfc vjktrekbc tktmnhjyekb cat-
hj cfl fhbc uf[cybkb lf cfl itrhekb& se vjktrekfc 
uffxybf htpeknfnehb ve[nb^ vfiby bub lfve[nekb yfob-
kfrbf& ve[nbc fqybidyf vjltkpt itcf’kt,tkbf ntmcnehb 

itnfybc vjo.j,bkj,bs – ths-ths yf[ibh,flbc fnjvpt 
#+@ ybiybc lfothbs bub ufhlfbmvyt,f rfh,jrfnbjyfl&  
MOPAC-c fctsb vtsjlbs fut,ekb vjltkbc #ofrbs[dbcf@ 
lf uffyufhbit,t,ib ufsdfkbcobyt,bc cfiefkt,f fmdc& 
ve[nbc itnfybc vtjht^ fknthyfnekb vtsjlbf cgtwbfke-
hb lfvfnt,bsb ,h’fyt,bc vbwtvf& lfvfnt,bsb ,h’fyt,bc 
itnfybc afy]fhfib fdrhbajs ntmcnb CHARGE=n^ cflfw 
n=-2, -1, +1,+2 lf f&i& ~eylf udf[cjdltc^ hjv cgtwbfkehb 
,h’fyt,bc cbn.dt,bc itnfybcfc itwljvbc lfidt,f fh itb’-
kt,f& obyffqvltu itvs[dtdfib vfymfyf vfc  buyjhbht,fc 
ufertst,c& 

cgbyb 
ufeo.dbkt,tkb 
tktmnhjyt,bc 

hfjltyj,f 
veknbgktnehj,f 

0 0 cbyuktnb 

½ 1 le,ktnb 

1 2 nhbgktnb 

1½ 3 rdfhntnb 

2 4 rdbyntnb 

2½ 5 ctmcntnb 

w[hbkb 3& rfdibhb cgbyeh hbw[dcf lf veknbgktnehj,fc 
ijhbc 
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ufvj.tyt,ekb ,h’fyt,f tktmn--
hjyekb 
vlujvf-
htj,f 

cgbyehb 
vlujvf-
htj,f OPEN(n1,n2) ROOT=n C.I.=n 

cbyuktnb    
le,ktnb 1,2   
nhbgktnb 2,2   
rdfhntnb 3,3   
rdbyntnb 4,4   ‘b

h
bs

fl
b 

vl
uj

vf
h

tj
,f

 

ctmcntnb 5,5   
cbyuktnb  2  
le,ktnb  2 2 
nhbgktnb  2 3 
rdfhntnb  2 4 
rdbyntnb  2 5 

+ 
fq

up
yt

,e
k

b 
vl

uj
vf

h
tj

,f
 

ctmcntnb  2 6 
cbyuktnb  3  
le,ktnb  3 3 
nhbgktnb  3 3 
rdfhntnb  3 4 
rdbyntnb  3 5 ++

 f
q

up
yt

-
,e

k
b 

vl
uj

vf
h

tj
,f

 

ctmcntnb  3 6 
α lf β tktmnhjyt,bc c[dflfc[df rjv,byfwbfc vbd-

.fdfhs ufyc[dfdt,ek tktmnhjyek tythubt,fvlt& tc rjv,b-
yfwbt,b ufyb[bkt,f^ hjujhw cgbyehb veknbgktnehj,f& 
mdtvjs vj.dfybk w[hbkib vjwtvekbf^ rfdibhb  cgbyehb 
hbw[dcf lf veknbgktnehj,fc ijhbc ~w[hbkb 3`& 

cgbybc veknbgktnehj,bc lflutybcfsdbc ufy[b-
kek eylf bmyfc% 

 vjktrekfc o.dbkb se rtynb hfjltyj,bc 
tktmnhjyb uffxybf* 

 vjktrekf bv.jat,f ‘bhbsfl se fqupyt,ek 
vlujvfhtj,fib* 

 vjktrekfc uf[cybkb se itrhekb tktm-
nhjyekb cathj uffxybf& 

w[hbkb 4& cgbyehb cbvrdhbdbc vb[tldbs ufvj.tyt,ekb lfvfnt,bsb 
,h’fyt,t,b 
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vj.dfybkb w[hbkb ~w[hbkb 4` lfudt[vfht,f 

lfvfnt,bsb ,h’fyt,t,bc cojhfl ufvj.tyt,fib& 

 

7&17& UFLFCFHSFDB  GENERAL ~PJUFLB` 

ghjuhfvf Chem3D mdfyneh-vtmfybrehb uffyufhbit-
,bcfc b.tyt,c ufhrdtek gfhfvtnht,c^ hjvkt,cfw vfymfyf 
uffyufhbit,t,bc itchekt,bcfc bsdfkbcobyt,c& bvfdlhj-
ekfl^ vjv[vfht,tkc fmdc cfiefkt,f fqybiyekb gfhfvtn-
ht,b wdfkjc cehdbkbcf lf vbpyt,bc vb[tldbs& gfhfvtnht-
,bc wdkbkt,bcfsdbc cfzbhjf cgtwbfkehb lfvfnt,bsb 
,h’fyt,t,bc itnfyf^ hbcsdbcfw ufvjb.tyt,f uflfcfhsfdb - 
General ~pjuflb` ~b[&yf[& 77`& 

bub itbwfdc cfv ntmcneh afy]fhfc% Additional Key-
word ~lfvfnt,bsb ,h’fyt,f`^ Results In ~itltut,bc 
vbcfvfhsb`^ Menu Item Name ~vtybec jawbbc lfcf[tkt,f`&  

hjujhw erdt b.j fqybiyekb^ lfvfnt,bsb ,h’f-
yt,t,bc itnfyf fhxtdbsbf^ fye vfsb fh fhct,j,bc itvs[dt-
dfib^ vfymfyf vfbyw f[jhwbtkt,c uffyufhbit,fc^ hbcsdbcfw 
b.tyt,c fdnjvfneh gfhfvtnht,c& ths-thsb fctsb gfhfvtn-
hbf - ,h’fyt,f EF (Eigenvector Following - cfresfhb dtm-
njht,bc vbvltdhj,f)& bub utjvtnhbekb jgnbvbpfwbbc 
fdnjvfneh gfhfvtnhc ofhvjflutyc& utjvtnhbekb jgnb-
vbpfwbf itcf’kt,tkbf ufy[jhwbtkltc  ,hjblty-aktn-
xth-ujklafhu-ifyjc vtsjlbs^ hbsdbcfw lfvfnt,bsb 
,h’fyt,bc afy]fhfib eylf xfbothjc itvltub cgtwbfkehb 
,h’fyt,f BFGS (Broyden-Fletcher-Goldfarb-Shanno)&  

lfyfhsib B vjwtvekbf bv lfvfnt,bsb ,h’fyt,t,bc 
fhfchekb cbf^ hjvkt,bw itcf’kt,tkbf ufvj.tyt,ek bmyfc 
MOPAC-bc uffyufhbit,bcfc& 
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7&18& YFTHSBC JGNBVBPFWBF 
UFHLFVFDFK TYTHUTNBREK 

VLUJVFHTJ<FIB  
vjltkbc ufhlfvfdfk tythutnbrek vlujvfhtj,fib 

jgnbvbpfwbf ybiyfdc bctsb rjyajhvthbc vj’bt,fc^ hjvt-
kbw .dtkfpt f[kjcff ufhlfvfdfk vlujvfhtj,fcsfy fye 
vbcb tythubbc itvwdtkj,f gjntywbehb tythubbc ptlfgbh-
pt fh eylf ittcf,fvt,jltc ukj,fkeh lf kjrfkeh vbyb-
vevbc othnbkt,c& 

yf[& 77& pjuflb gfhfvtnht,bc itnfybc lbfkjubc afy]fhf 
~ghjuhfvf Chem3D` 
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uffyufhbit,bc itchekt,f ofhvjt,c MOPAC-bc 
lbfkjubc afy]hbc ufvj.tyt,bs& ufdffmnbehjs uflfcfh-
sfdb Job Types ~lfdfkt,t,bc nbgt,b` lf xfvjcfiktkb 
vtybelfy itdfhxbjs lfdfkt,f Optmize To Transition State 
~jgnbvbpfwbf ufhlfvfdfk vlujvfhtj,fib`& cfyfv ufdf-
fmnbeht,s jgnbvbpfwbbc lfo.t,bc qbkfrc Run ~ufidt,f`^ 
itudb’kbf yf[tdfhtvgbhbekb vtsjlbcf lf nfkqehb aey-
mwbbc cf[bc fhxtdf& fvbcfsdbc eylf ufdffmnbehjs itcf-
,fvbcb uflfvhsdtkt,b lf vjdf[lbyjs fhxtdf& gfhfvtnht,bc 
ithxtdbc lfchekt,bc itvltu ufdffmnbehjs qbkfrb Run 
~ufidt,f`& uffyufhbit,bc itltut,b vjsfdclt,f itn.j,byt-
,t,bc afy]fhfib& 

evfhnbdtcb vfufkbsbc cf[bs ufydb[bkjs tsfybc 
xfvjafht,ekb rjyajhvthb& xdtyc fvjwfyfc ofhvjflutyc 
fdfujs tsfybc vjktrekf lf vjdf[lbyjs vbcb jgnbvbpfwbf 
ufhlfvfdfk vlujvfhtj,fib^ hjvtkbw xfvjafht,ekb 
rjyajhvthbc cf[tkbs fhbc wyj,bkb% 

1. File vtybelfy fdbhxbjs ,h’fyt,f New Model ~f[fkb 
vjltkb` 

2. fdbhxbjs ntmcnehb fut,bc vjo.j,bkj,f  
vjo.j,bkj,t,bc gfkbnhblfy& 

3. itdbnfyjs ntmcnb CH3CH3& Enter qbkfrbc lfzthbc 
itvltu trhfypt fbut,f tsfybc vjktrekf& 

4. fdbhxbjs vjybidybc vjo.j,bkj,f  vjo.j,bkj-
,t,bc gfkbnhblfy 

5. lfdforfgeyjs vjltkbc afy]fhfib sfdbceafk 
flubkfc^ hfsf vjb[cyfc vjybidyf& 

6. Tools ~vjo.j,bkj,t,b` vtybelfy ufdffmnehjs 
Show Rotation Bars ~,heydbc qbkfrt,bc xdtyt,f` 

7. vjdybiyjs C1 fnjvb 
8. jh]th lfdforfgeyjs ibyfufyb ,heydbc vjo.j,b-

kj,fpt ~yf[& 69` lf itdbnfyjs vybidytkj,f #57@& 
fbut,f xfvjafht,ek rjyajhvthsfy ‘fkbfy 
vbf[kjt,ekb cnhemnehf& vbcb xfvjafht,ek 
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rjyajhvthib chekb jgnbvbpfwbbcfsdbc ufdfuh’t-
kjs itvltub cf[bc uffyufhbit,t,b&  

9. vjdybiyjs C2 fnjvb lf C1 lf C2 fnjvt,sfy ,vekb 
o.fk,fl fnjvt,b^ vfufkbsfl H4 lf H7& itltufl 
udtmyt,f vjybiyekb H4-C1-C2-H7& 

10. Analyze ~fyfkbpb` vtybeib vjd’t,yjs mdtvtybe 
Show Mesuarements ~ufypjvbkt,t,bc xdtyt,f` lf 
ufdffmnbehjs& fdbhxjs ,h’fyt,f Show Dihedral 
Angles ~lb/t,hfkehb res[bc xdtyt,f`& trhfypt 
ufvjxylt,f itn.j,byt,t,bc w[hbkb ~yf[& 78`&  

11. vtybelfy MOPAC fdbhxbjs Optimize To Transition 
State ~jgnbvbpfwbf ufhlfvfdfk vlujvfhtj,fib` 

12. xfdhsjs ,h’fyt,f Copy Mesuarements To Messages 
~ufypjvbkt,t,bc rjgbht,f itn.j,byt,bc afy]fhfib` 

13. lfyfhxtyb gfhfvtnht,b lfdnjdjs ewdktkfl 
14. ufdffmnbehjs qbkfrb Run ~ufidt,f`& 

tsfybc vjktrekf jgnbvbpbht,ekb bmyt,f xfvjaf-
ht,ek rjyajhvthib& fvfc flfcneht,c lb/tlhfkehb 
res[bc vybidytkj,f  - bub ufenjklt,f yekc& 

xfvjafht,ekb tsfybc rjyajhvthbc ybevtybc ghjtm-
wbbc vbqt,bcfsdbc vjdybiyjs jhbdt yf[ibh,flfnjvb lf 
ufdffmnbehjs mdtvtybe Move To ~uflfflubkt`^ hjvtkbw 
vjsfdct,ekbf vtybeib Object ~j,btmnb`& fdbhxbjs 
,h’fyt,f Move To Z-Axis ~uflfflubkt,f Z-qth’bc vbvfhs`.  

7&19& SDBCT<T<BC FYUFHBIB 
othnbkjdfyb tythubbc vybidytkj,blfy itcf'kt,t-

kbf c[dflfc[df sdbct,bc uffyufhbit,f^ hjujhbwff% 

• yfthsbc ofhvjmvybc cbs,j* 

• lbgjkehb vjvtynb* 

• fnjvt,bc gbhj,bsb ve[nt,b* 

• cjkdfnfwbf o.kbcf lf c[df ufv[cytkt,bc fhtib* 

• tktmnhjcnfnbrehb gjntywbfkb* 

• vjktrekehb ptlfgbhb* 
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• cgbyehb cbvrdhbdt& 

• ptiteqkt,bc tatmnbc rjycnfynt,b 
 
sdbct,t,bc uffyufhbit,bcfc itcf'kt,tkbf hjujhw 

thsb wfkrtekb sdbct,bc^ bct hfvjltybvt sdbct,bc thsl-
hjekfl uffyufhbit,f& 

sdbct,t,bc fyfubhbibcfsdbc eylf ufdffmnbehjs 
MOPAC vtybe^ fdbhxbjs ,h'fyt,f Compute Properties 
~sdbct,t,bc fyufhbib`& lbfkjubc afy]fhfib^ hjvtkbw 
vjbwfdc sdbct,t,bc xfvjyfsdfkc^ fhxtdf ofhvjt,c sfueyfc 
qbkfrbc lforfgeyt,bs& thspt vtnb sdbct,bc vjybidybcfc 
ufvjb.tyt,f Shift qbkfrbc sfueyfcsfy rjv,byfwbf& 

f[kf itlfht,bs lfodhbkt,bs ufydb[bkjs sbsjt-
ekb  gfhfvtnhb& 

yf[& 78& vjltkbc afy]fhf lf itn.j,byt,t,bc w[hbkb ghjuhfvf 
Chem3D-ib& w[hbkib vjwtvekbf lbhtlhfkehb res[bc 
vybidytkj,f fut,ekb tsfybc vjktrekbcfsdbc& 
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7&19&1& ofhvjmvybc cbs,j ∆Hf 

∆Hf  ofhvjflutyc vbvlbyfht rjyajhvthbc ofhvjmv-
ybc cbs,jc hfjltyj,fc& bub vybidytkjdfy byajhvfwbfc b'-
ktdf rjyajhvtht,bc vluhflj,bc ehsbthsitlfht,bcf-
sdbc& MOPAC fyufhbij,c cnfylfhnekb vlujvfhtj,bc 
tktvtynt,bcfufy itlutybkb yfthsbc thsb vjkb hfjltyj-
,bc ofhvjmvybc tythubfc fbhfl afpfib& ofhvjmvybc cbs,j 
fhbc flbnbehb cblblt lf ofhvjflutyc itvltub rjvgjyty-
nt,bc ]fvc& 

∆Hf =Etktmn + E,bhs + Ebpjk + Efnjv 

cflfw Etktmn  bfyufhbit,f SCF*-bc uffyufhbit,bs^ 
E,bhs ,bhsdt,c ijhbc ufypbldbc tythubf^ Ebpjk, Efnjv

 

gfhfvtnht,b vbqt,ekbf tktvtynt,bc gjntywbfkehb 
aeymwbblfy& 

uffyufhbit,bc itvltu itn.j,byt,bc afy]fhfib v[j-
kjl ]fvehb cbs,jc hfjltyj,f xfyc& se udfbynthtct,c 
wfkrtekb rjvgjytynt,bc vybidytkj,bc cblbltt,bw^ vfiby 
eylf db[vfhjs lfvfnt,bsb ,h'fyt,f ENPART& tc erfyfc-

rytkb ∆Hf tythubbc itvflutytkb rjvgjytynt,bc vybidyt-
kj,t,bc fyufhbibc itltut,c fupfdybc afbkib *.out& 

 

7&19&2&  lbgjkehb vjvtynb 
lbgjkehb vjvtynb tythubbc gbhdtkb hbubc ofhvj-

t,ekbf vjlt,ekb tktmnhekb dtkbc vbvfhs. bub f[fcbf-
st,c vjktrekbc ve[nbc fhfcbvtnhbekj,fc lf fqbotht,f 
cfvb vbvfhsekt,bc dtmnjht,bs& 

lbgjkehb vjvtynbc vybidytkj,bc fyufhbibcfc eylf 
udf[cjdltc^ hjv ufyc[dfdt,ekb vybidytkj,t,b vbbqt,f 
vekbrtybc^ dfyu-ajhlbc ve[nt,bcf lf tktmnhjcnfnb-

                                                 
* Self-Consistent Field vtsjlb fhbc ihtlbyuthbc ufynjkt,bc 

fvj[cybc hbw[dbsb vbf[kjt,bc fkujhbsvb^ hjvtkbw ufvjb.tyt,f 
‘bhbsfl vlujvfhtj,fib fhct,ekb vjktrekt,bcfsdbc& 
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rehb gjntywbfkt,bc vtsjlt,bcfc^ dbyfblfy sbsjtekb b.t-
yt,c cbvrdhbdbc ufyc[dfdt,ek vfnhbwfc& 

vfufkbsbcsdbc dbfyufhbijs ajhvfklt/blbc  lbgj-
kehb vjvtynb% 

1. File vtybelfy fdbhxbjs New Model ~f[fkb 
vjltkb`* 

2. fdbhxbjs ntmcnbc itnfybc vjo.j,bkj,f* 
3. lfdforfgeyjs vjltkbc afy]fhfpt& ufvjxylt,f 

ntmcnbc itnfybc afy]fhf* 
4. itdbnfyjs ntmcnb #H2CO@& fbut,f ajhvfklt-

/blbc vjktrekf* 
5. MOPAC vtybelfy fdbhxbjs ,h'fyt,f Minimize 

Energy ~tythubbc vbybvbpfwbf`& uhflbtynbc 
vybidytkj,f lfdnjdjs 0&1^ [jkj yf[tdfhtvgb-
hbek vtsjlfl fdbhxbjs AM1 vtsjlb* 

6. uflfcfhsfdblfy Property ~sdbct,t,b` fdbhxbjs 
Dipole ~lbgjkb`* 

7. ufdffmnbehjs qbkfrb Run ~ufidt,f`& 
 
itn.j,byt,bc afy]fhfib vbdbqt,s w[hbkc^ hjvt-

kbw fqothc tktmnhjyt,bc ufyfobkt,fc& 
 

 x y z chekb 
lbgjkb ~dtmnjhb`^ 
lt,fb -2.317 0.000 -0.000 2.313 

 
fmdt eylf fqdybiys^ hjv se xdty itvjdf,heyt,s vj-

ktrekfc trhfypt^ vfiby x, y, z-bc vybidytkj,t,b itbw-
dkt,f^ sevwf chekb lbgjkehb vjvtynbc vybidytkj,f 
ewdktkb lfhxt,f& 

7&19&3& ve[nt,b 
ve[nbc cblbltt,bc fyufhbib ofhvjt,c c[dflfc[df 

vtsjlbs& wyj,bkbf dfyu-ajhlbc tktmnhjcnfnbrehb gj-
ntywbfkb^ vekbrtybc ve[nt,b lf tktmnhjcnfnbrehb gj-
ntywbfkt,b& 
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dfyu-ajhlbc vtsjlb  cfertstcj itltuc  yfthsbc mb-
vbeh vluhflj,fpt b'ktdf^ vekbrtybc vtsjlb rb flutyc 
ve[nt,bc ufyfobkt,bc cehfscf lf cbvrdhbdbc vfnhbwfc& 
vekbrtybc vtsjlbc ithxtdbcfc itcf'kt,tkbf itvltub 
lfvfnt,bsb ,h'fyt,t,bc ufvj.tyt,f% MYLLIK,  GEO-OK, 
MMOK ~b[& lfyfhsb B`& 

tktmnhjcnfnbrehb gjntywbfkt,bs ufvjsdkbkb 
ve[nbc cblbltt,b cfertstcj itltuc b'ktdf yfthsbc 
htfmwbbceyfhbfyj,fpt& tktmnhjcnfnbrehb gjntywbfkt-
,bc fyufhbibcfsdbc lut,f tktmnhjcnfnbreh gjntywbf-
ksf ,flt& 

tktmnhjcnfnbrehb gjntywbfkt,bc cfiefkt,bs 
ve[nbc cblbltt,bc fyufhbibcfc itb'kt,f ufvj.tyt,ek 
bmyfc itvltub lfvfnt,bsb ,h'fyt,t,b% PMEP, QPMEP, 
GEO-OK, MMOK, ESP, POTWET ~b[& lfyfhsb B`& 

ufydb[bkjs hfvjltybvt vfufkbsb% 
vfufkbsb 1& itdflfhtjs thsvfytsc mkjhvtsb-

kt,bcf lf vtsbkbc rfnbjyt,bc vluhflj,f& 
1. File vtybelfy fdbhxbjs New Model ~f[fkb 

vjltkb`* 
2. fdbhxbjs ntmcnbc itnfybc vjo.j,bkj,f* 
3. lfdforfgeyjs vjltkbc afy]fhfpt& ufvjxylt,f 

ntmcnbc itnfybc afy]fhf* 
4. itdbnfyjs ntmcnb #CCl3@& fbut,f nhbmkjhvt-

sbkbc ahfuvtynb* 
5. fyfkjubehfl fdfujs lbmkjhvtsbkbc ~CHCl2`^ 

vjyjmkjhvtsbkbc ~CH2Cl` lf vtsbkbc ~CH3` 
rfnbjyt,b& itdybiyfds^ hjv js[bdt rfnbjyb fhbc 
o.dbk tktmnhjybfyb itrhekb cathjc vmjyt 
cbcntvf lf ufysfdct,ekbf cbyuktneh 'bhbsfl 
vlujvfhtj,fpt& fvltyfl^ fhfyfbhb lfvfnt,bsb 
,h'fyt,bc itnfyf fh fhbc cfzbhj& fyufhbib-
cfsdbc ufvjb.tyt,f RHF nfkqehb aeymwbf* 

6. sbsjtekb ahfuvtynbc rfnbjybc cf[bs xfothb-
cfsdbc rehcjhb vbdb.dfyjs wtynhfkeh yf[ibh-
,flfnjvpt lf lfdforfgeyjs& rkfdbfnehblfy 
itdbnfyjs #+@ ybifyb* 
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7. MOPAC vtybelfy fdbhxbjs ,h'fyt,f Minimize 
Energy ~tythubbc vbybvbpfwbf`& uhflbtynbc 
vybidytkj,f lfdnjdjs 0&1^ [jkj yf[tdfh-
tvgbhbek vtsjlfs fdbhxbjs AM1 vtsjlb* 

8. uflfcfhsfdblfy Property ~sdbct,t,b` fdbhxbjs 
Charges ~ve[nt,b`* 

9. ve[nt,bc yec[fib fdbhxbjs Wang-Ford-bc vtsj-
lb* 

10. ufdffmnbehjs qbkfrb Run ~ufidt,f`& 
 
fyufhbibc itltut,b xfbotht,f itn.j,byt,bc afy]f-

hfib& fyufhbibc lfchekt,bc itvltu^ rth'jl tythubbc 
vbybvbpfwbbc itltufl^ cnhemneht,b vbbqt,ty ,hn.tk 
cf[tc^ hflufy yf[ibh,fl fnjvb sp2 /b,hblek vlujvfhtj-
,fib bv.jat,f& 

fyufhbibc itltut,c tmyt,f itvltub cf[t% 
 

CCl3
+ CHCl2

+ CH2Cl+ CH3
+ 

C(1) 0.03660 C(1) 0.11255 C(1) 0.32463 C(1) 0.72465 
Cl(2) 0.31828 Cl(2) 0.33189 Cl(2) 0.35852 H(2) 0.08722 
Cl(3) 0.32260 Cl(3) 0.33171 H(3) 0.15844 H(3) 0.09406 
Cl(4) 0.32253 H(4) 0.22384 H(4) 0.15841 H(4) 0.09406 

 
fv evfhnbdtcb uffyufhbit,blfy xfyc^ hjv ve[nb fh 

fhbc kjrfkbpt,ekb wtynhfkeh yf[ibh,flbc fnjvpt^ 
fhfvtl bub ufdhwtkt,ekbf mkjhbc fnjvbcfrty& fvltyfl^ 
mkjhfnjvt,bc hfjltyj,bc itvwbht,bs vwbhlt,f rfnbjybc 
vluhflj,fw& 

vfufkbsb 2& ufydb[bkjs vjyjxfyfwdkt,ekb atyjm-
cbl bjyt,ib ve[nbc ufyfobkt,bc cehfsb& fvbcfsdbc 
ufvjdb.tyjs vekbrtybc fyufhbibc vtsjlb& 

 
1. File vtybelfy fdbhxbjs New Model ~f[fkb 
vjltkb`* 
2. fdbhxbjs ntmcnbc itnfybc vjo.j,bkj,f* 
3. lfdforfgeyjs vjltkbc afy]fhfpt& ufvjxylt,f 

ntmcnbc itnfybc afy]fhf* 
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4. itdbnfyjs ntmcnb #PhO-@& fbut,f atyjmcblbc 
bjybc ahfubtynb&   bub fhbc o.dbk tktmnhjybf-
yb itrhekb cathjc vmjyt cbcntvf lf ufysfd-
ct,ekbf cbyuktneh 'bhbsfl vlujvfhtj,fpt& 
fvltyfl^ fhfyfbhb lfvfnt,bsb ,h'fyt,bc itnfyf 
fh fhbc cfzbhj& fyufhbibcfsdbc ufvjb.tyt,f RHF 
nfkqehb aeymwbf* 

5. MOPAC vtybelfy fdbhxbjs ,h'fyt,f Minimize 
Energy ~tythubbc vbybvbpfwbf`*  

6. uhflbtynbc vybidytkj,f lfdnjdjs 0&1^ [jkj 
yf[tdfhtvgbhbek vtsjlfs fdbhxbjs PM3 vtsj-
lb& tc erfyfcrytkb ve[nt,bc yec[blfy fdnjvf-
nehfl itbhxtdc vekbrtybc vtsjlc* 

7. uflfcfhsfdblfy  Property ~sdbct,t,b` fdbhxbjs 
Charges ~ve[nt,b`* 

8. ufdffmnbehjs qbkfrb Run ~ufidt,f`& 

 fyfkjubehfl ufydf[jhwbtkjs fyufhbib gfhf_^ 
vtnf_ lf jhsj-ybnhjatyjmcblfybjyt,pt& vfsb fut,bcf-
sdbc rehcjhb vbdb.dfyjs itcf,fvbc o.fk,flbc fnjvpt lf 
lfdforfgeyjs sfueyfc qbkfrpt& ufvjcek ntmcneh 
afy]fhfib xfdothjs #NO2@& 

fyufhbibc itltut,b it]fvt,ekb cf[bs vjwtvekbf 
mdtvjs vj.dfybkb w[hbkbc cf[bs ~w[hbkb 5`&  

itltut,blfy xfyc^ hjv ybnhj]ueat,bc xfyfwdkt,f 
fvwbht,c efh.jabsb ve[nbc cblbltc itvltub vorhbdbc 

vb[tldbs vtnf > gfhf> jhsj lf  fvltyfl^ .dtkfpt vtnfl 
cnf,bkbpbht,ekb fhbc jhsj bpjvthb& 
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w[hbkb 5& ve[nbc ufyfobkt,f atyjcmcblcf lf ybnhjatyjmcblt,ib 

ybnhjatyjmcblb 
atyjmcblb gfhf-

ybnhj- 
vtnf-ybnhj- jhsj-ybnhj- 

C1 0.39572 C1 0.41546 C1 0.3077 C1 0.45789 
C2 -0.46113 C2 -0.44929 C2 -0.36594 C2 -0.75764 
C3 -0.09388 C3 -0.00519 C3 -0.33658 C3 0.00316 
C4 -0.44560 C4 -0.71261 C4 -0.35950 C4 -0.41505 
C5  -0.09385 C5 -0.00521 C5 -0.10939 C5 -0.09544 
C6 -0.46109 C6 -0.44926 C6 -0.41451 C6 -0.38967 
O7 -0.57746 O7 -0.4921 O7 -0.54186 O7 0.48265 
H8 0.16946 H8 0.18718 H8 0.21051 N8 1.38805 
H9 0.12069 H9 0.17553 N9 1.31296 H9 0.16911 

H10  0.15700 N10 1.38043 H10 0.19979 H10 0.17281 
H11 0.12067 H11 0.17561 H11 0.14096 H11 0.13932 
H12 0.16946 H12 0.18715 H12 0.17948 H12 0.18090 

 O13 -0.70347 O13 -0.65265 O13 -0.71656 
 O14 -0.70345 O14  -0.64406 O14 -0.65424 

 
 
 

7&20& GJKFHBPT<EKJ<F 
gjkfhbpt,ekj,f ~lf fuhtsdt /bgthgjkfhbpt,e-

kj,f` vjlt,ekb tktmnhekb dtkbc cfae'dtkpt b'ktdf 
byajhvfwbfc tktmnhjyt,bc ufdhwtkt,fpt ~ufyfobkt,fpt`& 
hjujhw otcb^ vjktrekt,b^ hjvkt,bw itbwfdty 'kbth 
ltkjrfkbpt,ek ,vt,c^ [fcbfslt,bfy gjkfhbpt,ekj,bc 
vfqfkb vybidytkj,bs& 

gjkfhbpt,ekj,f itcf'kt,tkbf ufvj.tyt,ek bmyfc 
bctsb htfmwbt,bc lfcf[fcbfst,kfl^ hjvkbc lhjcfw 
vjktrekt,bc jgnbrehb sdbct,t,b bwdkt,f& 

gjkfhbpt,ekj,f lf /bgthgjkfhbpt,ekj,f 

ufvjbcf[t,f gbhdtkb hbubc ~α` -xx, yy, zz, xz, yz, xy  nty-
pjht,bs. vfsb fyufhbib itcf'kt,tkbf MINDO/3 yf[tdfh-
tvgbhbekb vtsjlbs& 
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ufydb[bkjs vfufkbsb v-ybnhjnjkejkpt& 
 
1. File vtybelfy fdbhxbjs New Model ~f[fkb 
vjltkb`* 
2. fdbhxbjs ntmcnbc itnfybc vjo.j,bkj,f* 
3. lfdforfgeyjs vjltkbc afy]fhfpt& ufvjxylt,f 

ntmcnbc itnfybc afy]fhf* 
4. itdbnfyjs ntmcnb #PhCH3@& fbut,f njkejkbc 

vjktrekf* 
5. fdbhxbjs ,h'fyt,f Show ~xdtyt,f`, hjvtkbw 

fhbc vjsfdct,ekb Object ~j,btmnb` vtybec Show 
Serial Nimbers ~fnjvt,bc yevthfwbbc xdtyt,f` 
mdtvtybeib* 

6. ntmcnehb itnfybc vjo.j,bkj,bs lfdforfge-
yjs H(9) fnjvpt lf ntmcnbc itnfybc afy]fhfib 
itdbnfyjs #NO2@& njkejkbc vjktrekblfy 
vbbqt,f g-ybnhjnjkejkb* 

7. MOPAC vtybelfy fdbhxbjs ,h'fyt,f Minimize 
Energy ~tythubbc vbybvbpfwbf`*   

8. uhflbtynbc vybidytkj,f lfdnjdjs 0&1^ [jkj 
yf[tdfhtvgbhbek vtsjlfs fdbhxbjs AM1 
vtsjlb& tc erfyfcrytkb ve[nt,bc yec[blfy fd-
njvfnehfl itbhxtdc vekbrtybc vtsjlc* 

9. uflfcfhsfdblfy Property ~sdbct,t,b` fdbhxbjs 
Polarizabilities ~gjkfhbpt,ekj,f`* 

10. ufdffmnbehjs qbkfrb Run ~ufidt,f`& 
 
mdtvjs vjwtvek w[hbkib vj.dfybkbf fyufhbibc 

itltut,b& bcbyb exdtyt,ty vjlt,ekb tktmnhekb dtkbc 
ufdktyfc gbhdtkb hbubc gjkfhbpt,ekj,fpt& 

 
vjlt,ekb dtkb^ 

td fkaf xx fkaf yy fkaf zz 

0.000000 108.23400 97.70127 18.82380 
0.250000 108.40480 97.82726 18.83561 
0.500000 108.91847 98.20891 18.86943 
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gjkfhbpt,ekj,bc fyufhbibc lhjc itcf'kt,tkbf 

ufvj.ty,ek bmyfc itvltub cf[bc lfvfnt,bsb ,h'fyt,t,b% 
POLAR (E=n), GEO-OK, MMOK. 

 

7&21& CJKDFNFWBF O>FKIB 

vtsjlb COSMO ufvjb.tyt,f ufv[cytkbc ufhtvjw-
dfib v.jab yfobkfrt,bc vluhflj,bc itcofdkbcfsdbc& 
ufv[cytkfl fdnjvfnehfl fbqt,f o.fkb&  COSMO vtsjl-
sfy thsfl fhct,j,c fuhtsdt MST (Miertus-Sciricco-Tomasi) 
cjkdfnfwbbc vjltkb^ hjvtkbw vjltkc fut,c v[jkjl 
o.kbc fhtib& MOPAC-bc vbth hjv itchekltc erfyfc-
rytkb vtsjlbs uffyufhbit,f^ cfzbhjf ufvjdb.tyjs lfvf-
nt,bsb ,h'fyt,f MST&  

COSMO vtsjlbs uffyufhbit,t,bc itchekt,bcfc 
ufvj.tyt,flb lfvfnt,bsb ,h'fyt,t,bf EPS=n,nn, GOE-OK, 
MMOK. 

vfufkbsbc cf[bs itdbcofdkjs ukbwbybc wdbnth-
bjybc vluhflj,f o.kbc fhtcf lf fbhfl afpfib& 

1. File vtybelfy fdbhxbjs New Model ~f[fkb 
vjltkb`* 
2. fdbhxbjs ntmcnbc itnfybc vjo.j,bkj,f* 
3. lfdforfgeyjs vjltkbc afy]fhfpt& ufvjxylt,f 

ntmcnbc itnfybc afy]fhf* 
4. itdbnfyjs ntmcnb #HGlyOH@& fbut,f ukbwbybc 

vjltkb* 
5. MOPAC vtybelfy fdbhxbjs ,h'fyt,f Minimize 

Energy ~tythubbc vbybvbpfwbf`* 
6. uhflbtynbc vybidytkj,f lfdnjdjs 0&1^ [jkj 

yf[tdfhtvgbhbek vtsjlfs fdbhxbjs PM3 vtsj-
lb& tc erfyfcrytkb ve[nt,bc yec[blfy fdnjvf-
nehfl itbhxtdc vekbrtybc vtsjlc* 
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7. uflfcfhsfdblfy Property ~sdbct,t,b` fdbhxbjs 
Heat of Formation ~ofhvjmvybc cbs,j` lf 
COSMO Solvation ~cjkdfnfwbf`* 

8. ufdffmnbehjs qbkfrb Run ~ufidt,f`& 
 
fyufhbibc itltut,b vjsfdclt,f itn.j,byt,t,bc 

afy]fhfib& 
 f[kf ufydf[jhwbtkjs tythubbc vbybvbpfwbf cjk-

dfnfwbbc tatmnbc ufsdfkbcobyt,bc ufhtit& fvbcfsdbc 
sdbct,t,bc yec[blfy vjybidyf ufdfemvjs COSMO Solva-
tion in Water ~cjkdfnfwbf o.fkib`& itvltu ukbwbybc 
vjltkb fdfujs wdbnthbjybc cf[bs% 

1. fpjnbc fnjvpt vbdb.dfyjs rehcjhb^ lf 
ntmcnehb itnfybc vjo.j,bkj,bs xfdothjs 
ybifyb #+@* 

2. fyfkjuehfl vjdbmwts ;fyu,flbc fnjvbcfsdbc lf 
vbdfybzjs efh.jabsb ve[nb ~ntmcnbc itnfybc 
vjo.j,bkj,bs xfdothjs ybifyb #-@`* 

3. ufydf[jhwbtkjs vbybvbpfwbbc ghjwtcb& 
 
jhbdt vbqt,ekb itltub it]tht,bcfsdbc thsfl fhbc 

mdtvjs vj.dfybkb& 
 

ukbwbybc ajhvf ∆H 
rrfk$vjkb 

ufv[cytkbcfsdbc 
vbcfodljvb ptlfgbhb 

Ü2 

ytbnhfkehb ~H2O` -108.32861 52.36067 
wdbnthbjyb ~H2O` -126.93974 52.37133 
ytbnhfkehb ~fbhb` -92.75386  
wdbnthbjyb ~fbhb` -57.83940  
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7&22& PTITEQKT<BC TATMNT<B 
ptiteqkt,bc rjycnfynt,bc ufycfpqdhf b’ktdf 

tktmnhjyekb cgbyehb htpjyfycbc cgtmnhbc cbvekfwbfc& 
tch cgtmnhib hsekb uf[ktxbkb cbuyfkt,bc ofhvjij,f 
ufvjodtekbf ufeo.dbkt,tkb tktmnhjyt,bc ehsbths-
mvtlt,bs wtynhfkeh ghjnjysfy& 

tch cgtmnhjvtnhbf ufycfpqdhfdc ‘kbth vfuybneh 
dtkib vjsfdct,ekb yfthsbc ufeo.dbkt,tkb tktmn-
hjyt,bc vbth vbrhjnfkqehb ufvjc[bdt,bc isfysmvfc& 

ufeo.dbkt,tkb tktmnhjyb itb’kt,f /mjyltc itv-
ltu yfobkfrt,c% 

 sfdbceafk hflbrfkt,c 
 rtynb tktmnhjyt,bc itvwdtk vjktrekt,c 
 ufhlfvfdfkb vtnfkt,bc rjvgktmct,c 
 bidbfs vtnfksf bjyt,c 
 nhbgktnehb vlujvfhtj,bc vjktrekt,c 

 
ptiteqkt,bc rjycnfynt,bc uffyufhbit,bcfc itcf’-

kt,tkbf itvltub lfvfnt,bsb ,h’fyt,t,bc ufvj.tyt,f% UHF, 
Hyperfine, GEO-OK, MMOK ~b[& lfyfhsb B`& 

 
vfufkbsbc cf[bs ufydb[bkjs tsbkbc hflbrfkbc 

ptiteqkt,bc rjycnfynt,bc ufvjsdkf& 
1. File vtybelfy fdbhxbjs New Model ~f[fkb 

vjltkb`* 
2. fdbhxbjs ntmcnbc itnfybc vjo.j,bkj,f* 
3. lfdforfgeyjs vjltkbc afy]fhfpt& ufvjxylt,f 

ntmcnbc itnfybc afy]fhf* 
4. itdbnfyjs ntmcnb #EtH@& fbut,f tsbkbc hflb-

rfkbc  vjltkb* 
5. fdbhxbjs vjybidybc vjo.j,bkj,f* 
6. vjdybiyjs H(8) fnjvb* 
7. rkfdbfnehfpt lfdfodts Del qbkfrc ~itcf’-

kt,tkbf qbkfrbc #←@ Backspace ufvj.tyt,fw)& 
se xfhsekbf ht;bvb^ hjvtkbw fdnjvfnehfl 
fcojht,c dfktynj,fc tktvtynpt o.fk,flt,bc 
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lfrfdibht,s^ vfiby ghjuhfvf itudtrbs[t,f fq-
ybiyekb ht;bvbc ufvjhsdbc yt,fhsdbc itcf[t,& 
trhfypt ufvjcek itn.j,byt,fc Turn Off Auto-
matic Restrification ~dfktynj,bc fdnjvfnehb 
rjhtmwbbc ufvjhsdf` lfdtsfy[vjs&  

8. MOPAC vtybelfy fdbhxbjs ,h'fyt,f Minimize 
Energy ~tythubbc vbybvbpfwbf`*  

9. uhflbtynbc vybidytkj,f lfdnjdjs 0&1^ [jkj 
yf[tdfhtvgbhbek vtsjlfs fdbhxbjs PM3 vtsj-
lb*  

10. nfkqehb aeymwbf fdbhxbjs qbf cathjcsdbc 
Open Shell (Unrestricted) ~qbf cathj- itepqe-
lfdb`* 

11. uflfcfhsfdblfy Property ~sdbct,t,b` fdbhxbjs 
Hyperfine Coupling Constatnts ~ptiteqkt,bc 
rjycnfynt,b`* 

12. ufdffmnbehjs qbkfrb Run ~ufidt,f`& 
 
vbqt,ekb ptiteqkt,bc rjycnfynt,bc vybidytkj-

,t,b bmyt,f% 
C1 0.02376 
C2 -0.00504 
H3 -0.02632 
H4 -0.02605 
H5 0.00350 
H6 0.05672 
H7 0.05479 

vbqt,ekb vjyfwtvt,blfy itb’kt,f lfdfcrdyfs^ hjv 
tsbkbc hflbrfkib ufeo.dbkt,tkb tktmnhjyb fhbc 
ltkjrfkbpt,ekb& obyffqvltu itvs[dtdfib iteqkt,bc 
rjycnfynt,b yekbc njkb bmyt,jlf& 

 

7&23& CGBYEHB CBVRDHBDT 
vjktrekehb cgbyehb cbvrdhbdt sfdc bxtyc bv 

itvs[dtdfib^ hjltcfw bub vjbwfdc ufeo.dbkt,tk 
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tktmnhjyt,c& cgbyehb cbvrdhbdbc uffyufhbit,bc vjyfwtvt-

,b vjltkbc vjwtvekb vlujvfhtj,bc α-tktmnhjyt,bc 
afhlj,bs hfjltyj,bc lfsdkbc cfiefkt,fc b’ktdf& cgbye-
hb cbvrdhbdbc uffyufhbit,bs fctdt itcf’kt,tkbf tch cgtm-
nhbc cbvekfwbf& vbcb fyufhbib [jhwbtklt,f jhb vtsj-
lbs% RHF cgbyehb cbvrdhbdbcf lf UHF cgbyehb cbvrdhbdbc 
vb[tldbs& 

UHF cgbyehb cbvrdhbdbc fyufhbibcfc wfkr-wfkrt 

ufyb[bkt,f α lf β-tktmnhjyt,b^ RHF vtsjlb rb b.tyt,c ½ 
tktmnhjybc rjhtmwbfc& erfyfcrytk vtsjlc ‘bhbsflfl 
vbvfhsfdty vwbht pjvbc vjktrekt,bcfsdbc^ dbyfblfy fv 
lhjc uffyufhbit,bc cbxmfht vybidytkjdyfl lblbf^ dblht 
gbhdtkb vtsjlbcfc& 

cgbyehb cbvrdhbdbc fyufhbibcfc itcf’kt,tkbf itv-
ltub lfvfnt,bsb ,h’fyt,t,bc ufvj.tyt,f% UHF, GEO-OK, 
MMOK, SPIN, ESR&  

vfufkbsb 1& tsbkbc hflbrfkbc UHF cgbyehb cbv-
rdhbdbc uffyufhbit,f% 

1. fdfujs tsbkbc hflbrfkb obyf vfufkbsbc fyfkj-
ubehfl* 

2. MOPAC vtybelfy fdbhxbjs ,h'fyt,f Minimize 
Energy ~tythubbc vbybvbpfwbf`*  

3. uhflbtynbc vybidytkj,f lfdnjd js 0&1^ [jkj yf-
[tdfhtvgbhbek vtsjlfs fdbhxbjs PM3 vtsjlb*  

4. nfkqehb aeymwbf fdbhxbjs qbf cathjcsdbc 
Open Shell (Unrestricted) ~qbf cathj - itepqe-
lfdb`* 

5. uflfcfhsfdblfy  Property ~sdbct,t,b` fdbhxbjs 
Spin Density ~cgbyehb cbvrdhbdt`* 

6. ufdffmnbehjs qbkfrb Run ~ufidt,f`& 

fyufhbibc itltut,b vjsfdclt,f itn.j,byt,bc afy-
]fhfib& 
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0.07127 C1 s 
0.06739 C1 px 
0.08375 C1 py 
0.94768 C1 pz 
-0.01511 C2 S 
-0.06345 C2 px 
-0.01844 C2 py 
-0.03463 C2 pz 
-0.07896 H3 s 
0.07815 H4 s 
0.01046 H5 s 
0.05488 H6 s 
0.05329 H7 s 

itltut,blfy xfyc^ hjv ufeo.dbkt,tkb tktmnhjyb 
eahj vtnfl kjrfkbpt,ekb fhbc C1 fnjvbc z jh,bnfk-
pt^ hfw vbesbst,c fv yf[ibh,flfnjvbc vfqfk htfmwbbc-
eyfhbfyj,fpt&  

vfufkbsb 2& tsbkbc hflbrfkbc RHF cgbyehb cbv-
rdhbdbc uffyufhbit,f% 

1. fdfujs tsbkbc hflbrfkb obyf vfufkbsbc fyfkj-
ubehfl* 

2. MOPAC vtybelfy fdbhxbjs ,h'fyt,f Minimize 
Energy ~tythubbc vbybvbpfwbf`*   

3. uhflbtynbc vybidytkj,f lfdnjdjs 0&1^ [jkj yf-
[tdfhtvgbhbek vtsjlfs fdbhxbjs PM3 vtsjlb*  

4. nfkqehb aeymwbf fdbhxbjs qbf cathjcfsdbc Close 
Shell (Restricted) ~itrhekb cathj - itepqelekb`* 

5. uflfcfhsfdblfy  Property ~sdbct,t,b` fdbhxbjs Spin 
Density ~cgbyehb cbvrdhbdt`* 

6. ufdffmnbehjs qbkfrb Run ~ufidt,f` 

fyufhbibc itltut,b vjsfdclt,f itn.j,byt,bc w[hbk-
ib lf fnjvbc sfdpt udbxdtyt,c ]fveh cgbyeh cbvrdhbdtc& 
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0.90744  C1 
0.00644  C2 
0.00000  H3 
0.00000  H4 
0.00001  H5 
0.04395  H6 
0.04216  H7 

 
itltut,blfy xfyc^ hjv ufeo.dbkt,tkb tktmnhjyb 

eahj vtnfl kjrfkbpt,ekbf C1 fnjvpt&  
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LFYFHSB A 

vtsjlbc nbgb lflt,bsb v[fht eh.jabsb v[fht 
cfertstcjf 

itvltub 
cbcntvt,bcfsdbc 

vjktrekehb vtmfybrf 
 b.tyt,c rkfcbrehb ab-

pbrbc rfyjyt,c 

 lfae’dyt,ekbf ‘fkeh 
dtkpt tvgbhbek 
gfhfvtnht,sfy thsfl 

 .dtkfpt cecnb^ 
vfuhfv .dtkfpt 
cohfab uffyufhb-
it,bc cfiefkt,f& 
ufycfresht,bs 
vybidytkjdfybf 
cecnb cbv’kfdhbc 
vfymfyt,bcfsdbc 

 itcf’kt,tkbf uf-
vj.tyt,ekb bmyfc 
bctsb lblb  vj-
ktrekt,bcfsdbc^ 
hjujhbwff typb-
vt,b 

 ghfmnbrekb ‘f-
keh dtkb ufvj-
b.tyt,f v[jkjl 
vjktrekt,bc 
itpqelekb 
rkfcbcfsdbc 

 fh fyufhbij,c 
tktmnhjyek 
sdbct,t,c 

 tcfzbhjt,f tmcgt-
hbvtynekb vjyf-
wtvt,b 

 

 lblb cbcntvt,b-
cfsdbc ~fsfcj,bs 
fnjvbcfsdbc` 

 cbcntvt,bcfdsbc 
lf ghjwtct,bcf-
sdbc^ hjvkbc 
lhjcfw flubkb 
fhf fmdc ,vt,bc 
uf[ktxfc fy ofh-
vjmvyfc 

 

yf[tdfhtvgbhbekb  
 b.tyt,c mdfynehb ab-

pbrbc rfyjyt,c 
 f]fvt,c tmcgthbvtynbs 

vbqt,ek tvgbhek 
gfhfvtnht,c 

 b.tyt,c vbf[kjt,t,c 

 vjbs[jdc ab initio 
vtsjlpt yfrkt, 
htcehct,c 

 fyufhbij,c ufh-
lfvfdfk lf 
fqupyt,ek 
vlujvfhtj,t,c 

 tcfzbhjt,f 
tmcgthvtynekb 
vjyfwtvt,b 

 [fcbfslt,f yfr-
kt,b cbpecnbs^ 
dblht ab initio 
vtsjlb 

 

 cfiefkj cbcntvt-
,bcfsdbc ~fcj,bs 
fnjvbcfsdbc` 

 cbcntvt,bcfsdbc^ 
hjvtksfsdbcfw 
lfvf[fcbfst,tkbf 
tktmnhjyekb 
uflfcdkt,b 
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vtsjlbc nbgb lflt,bsb v[fht eh.jabsb v[fht 
cfertstcjf 

itvltub 
cbcntvt,bcfsdbc 

ab initio 
 b.tyt,c mdfynehb abpbrbc 

rfyjyt,c 
 fqbotht,f ovbylf vfst-

vfnbrehb cfiefkt,t,bs 
lf fh wyj,c tvgbhbek 
gfhfvtnht,c 

 

 ufvjcfltubf 
cbntvt,bc afhsj 
cgtmnhbcfsdbc 

 fh fhbc lfvjrb-
lt,ekb tmgthb-
vtynek vjyfwt-
vt,pt 

 fyufhbij,c 
ufhlfvfdfk lf 
fqupyt,ek 
vlujvfhtj,t,c 

 vjbs[jdc  fgfhf-
nehbc lbl 
cbv’kfdhtt,c lf 
fyufhbibc lbl 
lhjc 

 gfnfhf cbcntvt,b-
cfsdbc ~fstekj-
,bs fnjvb` 

 cbcntvt,bcfsdbc^ 
hjvtksfsdbcfw 
lfvf[fcbfst,tkbf 
tktmnhjyekb 
uflfcdkt,b 

 vjktrekt,bcfsdbc 
fy cbcntvt,bcf-
sdbc^ hjvtksf-
sdbcfw fh fhbc 
wyj,bkb tmcgthb-
vtynekb vjyfwt-
vt,b 

 cbcntvt,bcfsdbc^ 
hjvtkybw 
vjbs[jdty lbl 
cbptcntc 
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LFYFHSB B 

CS MOPAC-IB UFVJ>TYT<EKB 
LFVFNT<BSB <H’FYT<T<B 

,h’fyt,f vybidytkj,f 

EF  
(Eigenvector 
Following) 

cfresfhb dtmnjhbc vbybvbpfwbbc ht;bvb 

BFGS 
(Broyder-
Fletcher-
Goldfarb-
Shanno) 

,hjelty-aktxth-ujk,afh,-ifyjc 
utjvtnhbekb jgnbvbpfwbbc ht;bvb 

GEO-OK Z-vfnhbwbc  ptllt,bc itvjovt,f 

MMOK vjktrekehb vtmfybrbc uffyufhbit,bcfc 
fvblehb ,vt,bcfsdbc itfmdc itcf,fvbcb 
rjhtmnbht,f& fqybiyekb ht;bvbc 
ufvjhsdbcfsdbc ufvjb.tyt,f ,h’fyt,f NOMM 

RMAX=n.nn tythubbc vybidytkj,bc fyufhbibcfc 
wdkbkt,t,b yfrkt,b eylf b.jc  n.nn 
vybidytkj,fpt& fqybiyekb ,h’fyt,bc 
ufvj.tyt,bc ufhtit fdnjvfnehb vybidytkj,f 
fhbc 4&00 

RMIN=n.nn tythubbc vybidytkj,bc fyufhbibcfc 
wdkbkt,t,b vtnb eylf b.jc  n.nn 
vybidytkj,fpt& fqybiyekb ,h’fyt,bc 
ufvj.tyt,bc ufhtit fdnjvfnehb vybidytkj,f 
fhbc 0&00 

PRECISE f[jhwbtkt,c SCF uffyufhbit,fc^ hjvtkbw 
b.tyt,c evfqktc vbf[kjt,fc lf vybidytkj,t,b 
fh ufybwlbfy akemnefwbfc hfvjltybvt 
ufidt,bcfc 

CET euekdtk.jac vybidytkj,t,bc itvjovt,fc^ hbc 
ufvjw uffyufhbit,f ofhvjt,c eahj cohfafl 

RECALC=5 bub ufvjb.tyt,f^ se jgnbvbpfwbf vjbwfdc 
cftzdj ufhlfmvyfc ufhlfdfvfk vlujvfhtj,fib 

lfyfhsb B-c ufuh’tkt,f 
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,h’fyt,f vybidytkj,f 

ENPART *.out afbkib bupfdyt,f ofhvjmvybc cbs,jc 
itvflutytkb wfkrtekb rjvgjytynt,bc 
vybidytkj,t,b 

MULLIK ve[nbc cblbltt,bc fyufhbib ofhvjt,c 
vekbrtybc gjgekfwbbc fyfkbpbc vtsjlbs 

PMEP epheydtk.jac othnbkjdfyb ve[nt,bc 
cblbltt,bc utythfwbfc 

QPMEP epheydtk.jac dfyu-ajhlbc 
tktmnhjcnfnbrehb gjntywbfkt,bc ht;bvbc 
uffmnbeht,fc 

ESP epheydtk.jac tktmnhjcnfnbrehb 
gjntywbfkt,bc ht;bvbc uffmnbeht,fc 

POTWRT epheydtk.jac tktmnhjcnfnbrehb 
gjntywbfkt,bc ,flbc ,tzldfc 

UHF epheydtk.jac /fhnhb-ajrbc vtsjlbs qbf 
cathjc nfkqehb aeymwbbc fyufhbic 

Hyperfine epheydtk.jac ptiteqkt,bc rjycnfynt,bc 
fyufhbibc ht;bvbc ufvj’f[t,fc 

SPIN *.out afbkib bupfdyt,f cgbyehb cbvrdhbdbc 
vfnhbwf 

ESR epheydtk.jac RHF  uffyufhbit,bc ht;bvbc 
xfhsdfc 

DFORCE yekjdfyb othnbkbc tythubf^ h[tdbsb tythubf 

LOCALIZE kjrfkbpt,ekb jh,bnfkt,bc lf,tzldf 

VECTORES vjktrekehb jh,bnfkt,bc  rjtabwbtynt,bc 
lf,tzldf 

BONDS ,vbc cbuh’tt,bc vfnhbwf 

CIS eb isfysmvbc tythubt,b^ f[jhwbtkt,c gbhdtkb 
fqupyt,ekb vlujvfhtj,bc uffyufhbit,fc& 
,h’fyt,f MECI-bc ufvj.tyt,bc itvs[dtdfib 
byajhvfwbf bupfdyt,f *.out afbkib 

FORCE yekjdfyb othnbkbc tythubbcf lf yjhvfkehb 
h[tdbsb cf[tt,bc fyufhbib& ,h’fyt,bc 
DFORCE-c  ufvj.tyt,bc itvs[dtdfib 
vjyfwtvt,b bupfdyt,f *.out afbkib 

PI cbvrdhbdbc vfnhbwbc fvj[cyf σ lf π ,vt,c 
ijhbc 



lfyfhsb B-c ufuh’tkt,f 
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,h’fyt,f vybidytkj,f 

PRECISION SCF rhbnthbevc phlbc 100-]th& bub 
ufvjb.tyt,f tythubbc fyufhbibcfc vbqt,ekb 
vjyfwtvt,bc cbpecnbc ufphlbcfsdbc 

T-n[M,H,D] phlbc rjvgbenthbc fyufhbibc lhjc& fyufhbibc 
lhj fdnjvfnehfl fhbc 1 cs& 

 
 

 

165 

LFYFHSB C 

*.OUT AFBKBC UFVJ>TYT<F 
 

MOPAC-bc fyufhbibc itltut,bc vbqt,f itcf’kt-
,tkbf Chem 3D-c itn.j,byt,t,bc afy]hbc ufvj.tyt,bs^ 
vfuhfv vfcib fyufhbibc itltut,bc ufupfdybcfsdbc uffy-
ufhbit,bc lfo.t,bc oby eylf bmyfc xfhsekb cgtwbfkehb 
xfvhsdtkb& vbe[tlfdfl fvbcf^ itn.j,byt,t,bc afy]fhfib 
uffyufhbit,bc .dtkf itltub fh [dlt,f& fcts itvs[dtdfib 
itltut,bc ufvjcfnfyfl ufvjb.tyt,f ufhtufyb afbkb^ 
hjvkbc ufafhsjdt,fw fhbc *.out lf *.aax& fqybiyekb 
afbkt,bc itmvyf ofhvjt,c fdnjvfnehfl ghjuhfvbc 
ufidt,bcfc& vfsb vlt,fhtj,bc chekb ,bkbrbf 
c:\windows\temp\csmopac\output. 

MOPAC-bc .jdtkb f[fkb ufidt,f fqybiyek 
rfnfkjuib [cybc f[fk afbkc a*.out ~dfhcrdkfdbs 
fqybiyekb cbv,jkj fhbc hfbvt itvs[dtdbsb cbv.jkj^ 
hjvtkcfw vfymfyf sdbsjy ufvjbveifdt,c`&  *.out afbkib 
uffyufhbit,bc itltut,bc ufysfdct,bcfsdbc cfzbhjf 
uffyufhbit,bcfc cgtwbfkehb lfvfnt,bsb ,h’fyt,t,bc 
ufvj.tyt,f ~b[& lfyfhsb B`& *.out afbksfy thsfl bmvyt,f 
itltut,bc it]fvt,bc afbkb *.aax&  MOPAC-bc .jdtkb 
f[fkb ufidt,bcfc x cbv,jkj bwdkt,f a-lfy z-vlt 
~vfufkbsfl^ *.aaa, *.aab, … , *.aaz`& *.out  afbkb rb 
MOPAC-bc .jdtkb f[fkb ufidt,bcfc [tkf[kf b[cyt,f^ 
fye flubkb fmdc ‘dtkb byajhvfwbbc ofikfcf lf f[kbc 
xfothfc&  

*.aax afbkib byf[t,f itvltub cf[bc byajhvfwbf% 

• tktmnhjyekb tythubf 

• ,bhsdb-,bhsdb ufypbldf 

• cbvtnhbf 

• bjybpfwbbc gjntywbfkb 



lfyfhsb C-c ufuh’tkt,f 
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• HOMO lf LUMO tythubt,b 
 
*.out afbkib byf[t,f itvltub cf[bc byajhvfwbf% 

• cfo.bcb fnjvehb rjjhlbyfnt,b 

• cfo.bcb Z-vfnhbwf 

• vjktrekehb jh,bnfkt,bc tythubt,b 

• cf,jkjj fnjvehb rjjhlbyfnt,b 
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FY<FYEHB CF’BT<TKB 
 

F 
fkbyuthb^ 115 
fnjvehb vfcf^ 11^ 13^ 15 
fnjvehb vjwekj,f^ 11 
fnjvehb hflbecb^ 11 

, 
,htycntlb^ 26 
,hjbltyb^ 142 

U 
ufhlfcf[df dthnbrfkehb qth’bc 

vbvfhs^ 54 
ufhlfcf[df /jhbpjynfkehb 

qth’bc vbvfhs^ 53 
ufhlfnt[bc vfxdtyt,tkb^ 4 
utjvtnhbekb jgnbvbpfwbf^ 4^ 

104^ 111^ 142 
utjvtnhbekb nhfycajhvfwbt,b^ 

54 
ukj,fkehb vbybvevb^ 109^ 133 
ujklafhub^ 142 

L 
lbtktmnhbrekb itqotdflj,f^ 

84 
lbgjkehb vjvtynb^ 104^ 107^ 

112^ 148 
leqbkbc ntvgthfnehf^ 4^ 13^ 17^ 

21 

T 
tsfyb^ 108 
tktvtynbc fqvjxtybc otkb^ 11 
tktvtynbc lfcf[tkt,f^ 11^ 12  
tktvtynbc xfhsdbc bycnhevtynb^ 

44 
tktmnhjufvnfhj,f^ 11 
tktmnhjyekb gthbjlekb 

nf,ekf^ 9 

tktmnhjcnfnbrehb tythubf^ 
116^ 117 

tktmnhjefh.jabsj,f^ 11^ 13^ 
15 

 

D 
dfy lth dffkcbc tythubf^ 116^ 130 

P 
ptufvnfhvlujvfhtj,fib 

ufhlfmvybc ntvgthfnehf^ 11 
ptlfgbhekb lfzbvekj,f^ 84 

S 
sthvjlbyfvbrehb gfhfvtnht,b^ 

23 

B 
bycnevtynb #rfkfvb@^ 58 
bjyt,bc ofhvjmvybc itcf’kt,-

kj,f^ 22 

R 
rbytnbrehb tythubf^ 119 
rjdfktynehb^ 11^ 14^ 15 
rjvgktmcehb^ 6^ 7 
reshb s,jntdflj,f^ 11 

K 
kjrfkehb vbybvevb^ 109 
kebcbc v;fdf$ae’eh mbvbf^ 28 
kqj,bc ntvgthfnehf^ 11^ 13 

V 
vbythfkt,b^ 26 
vjktrekehb vfcf^ 4^ 21^ 76^ 78 
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vjktrekehb vtmfybrf^ 4^ 103^ 
105^ 106^ 113^ 114^ 161 

vjktrekehb htahfmwbf^ 84 
vjkehb vjwekj,f^ 84 
vjyfwtvsf ,fpt,b^ 102 

J 
j,btmnbc itvj,heyt,f^ 53 
jkbujyerktjnblt,b^ 106 
jh,bnfkpt tktmnhjyt,bc 

ufykfut,f^ 13 

G 
gfhfmjhb^ 84 
gjkfhbpt,ekj,f^ 84^ 113^ 153^ 

154 
gjntywbfkt,b 

bjybpfwbbc vtcfvt^ 11^ 107^ 113^ 
149 
bjybpfwbbc vtjht^ 11 

ghjuhfvt,b 
cfbkecnhfwbj^ 4 
cfbyajhvfwbj^ 3^ 4^ 5^ 6^ 7^ 29^ 
62 
uhfabrekb^ 3 

ghjuhfvt,b vfhnbdb 
uffyufhbit,bcfsdbc^ 4 

H 
htfmwbbc nbgt,b 

tkbvbybht,f^ 23 
vbthst,f^ 23 
xfyfwdkt,f^ 23 

htfmwbt,b 
,bjmbvbehb^ 26 
uflf]ueat,bc^ 26 
tkbvbybht,bc^ 26 
vbthst,bc^ 19^ 23^ 26^ 27^ 28^ 
119 
gthbwbrkehb^ 26 
hflbrfkehb^ 26 
htljmc^ 26 
cf[tkj,bsb^ 26  
ajnjmbvbehb^ 26 

vhfdfkcfat[ehbfyb^ 26  
hrfkt,bc bycnhevtynb^ 58 

 

xfhsdbc^ 26 
xfyfwdkt,bc^ 26 

htljmc mbvbf^ 28 

C 
cbvrdhbdt^ 11^ 13^ 84^ 112^ 146^ 

158^ 159^ 160 
cgbyehb aeymwbf^ 122 
cgtmnhb^ 90^ 94^ 95 
cgtwbabrehb^ 6 
cnhemnehekb ,b,kbjstrt,b^ 

45^ 46^ 51 

N 
njhcekb tythubf^ 114^ 115 

A 
aktnxthb^ 142 
ajnjmbvbf^ 28 

M 
mbvbehb ,vf^ 29 
mbvbehb rfkrekfnjhb^ 9^ 80 
mbvbehb vjltkbht,bc ghjuhf-

vt,b^ 4  
mbvbehb ghjuhfvf - ,hjeptht,b^ 

4 
 

I 
if,kjyt,b^ 47^ 49^ 51 

O 
ofhvjmvybc cbs,j^ 104^ 112^ 146^ 

147^ 155 
o.fk,flbc vbvfhs fmnbehj,bc 

vorhbdb^ 15 

/ 
/bgthgjkfhbpt,ekj,f^ 153 
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CFHXTDB 
 

1& ghjuhfvt,bc rkfcbabrfwbf ----------------------------3 
2& cfwyj,fhj ghjuhfvt,b---------------------------------9 
2&1& mbvbeh tktvtynsf tktmnhjyekb gthbjlekb 

nf,ekt,b ~ghjuhfvf TableRus-3&40` ---------------9 
2&2& ghjuhfvf Chemical Thesaurus--------------------- 18 
2&2&1& ghjuhfvbc bycnfkfwbf --------------------------- 18 
2&2&2& ghjuhfvbc bynthatbcb---------------------------- 18 
2&2&3& mbvbehb yfthst,bcf lf vfsb sdbct,t,bc vj‘bt,f 

cbyjybvt,bc vb[tldbs ----------------------------- 20 
2&2&4& mbvbehb htfmwbt,bc vjyfwtvsf ,fpf -------------- 23 
2&2&5& pjuflb cf[bc mbvbehb byajhvfwbbc ‘bt,f 

Chemiacal Thesaurus-bc vjyfwtvsf ,fpfib -------- 24 
2&2&6& mbvbehb htfmwbt,bc ‘bt,f nbgt,bcf lf 

vtmfybpvt,bc vb[tldbs ---------------------------- 26 
3& jhufypjvbkt,bfyb uhfabrekb ghjuhfvt,b 

~2D uhfabrf` -------------------------------------- 29 
3&1& cnhemneht,bc fut,f ghjuhfvf ChemDraw-ib --- 30 
3&1&1& cnhemnehbc fut,f lfcf[tkt,bc vb[tldbs ------- 36 
3&2& cnhemneht,bc fut,f ghjuhfvf ChemSketch-bc 

ufvj.tyt,bs --------------------------------------- 37 
3&3& mbvbehb cnhemneht,bc fut,f ghjuhfvf  ISIS 

Draw-ib ------------------------------------------- 42 
3&4& ,b,kbjstrt,bc ufvj.tyt,f cnhemneht,bc 

fut,bcfsdbc---------------------------------------- 45 
3&4&1& cnhemnehekb ,b,kbjstrt,b ghjuhfvf 

ChemDraw-ib ------------------------------------- 45 
3&4&2& cnhemnehekb ,b,kbjstrt,b ghjuhfvf 

ChemSketch-ib ------------------------------------ 46 
3&4&3& cnhemnehekb ,b,kbjstrt,b ghjuhfvf ISIS 

Draw-ib ------------------------------------------- 51 
3&5& cnhemneht,bc vfhnbdb nhfycajhvfwbt,b------- 51 
3&5&1& cnhemneht,bc vfhnbdb nhfycajhvfwbt,b 

ghjuhfvf ChemDraw-ib -------------------------- 52 
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3&5&2& cnhemneht,bc vfhnbdb nhfycajhvfwbt,b 
ghjuhfvf ChemSketch-ib--------------------------54 

4& ,bptc uhfabrekb tktvtynt,bc ufvj.tyt,f -----------57 
4&1& utjvtnhbekb tktvtynt,bc ufvj.tyt,f ghjuhfvf 

ChemDraw-ib --------------------------------------58 
4&2& utjvtnhekb tktvtynt,bc ufvj.tyt,f ghjuhfvf 

CHemSketch-ib ------------------------------------61 
5& cfvufypjvbkt,bfyb  uhfabrekb ghjuhfvt,b ~3D-

uhfabrf` -------------------------------------------62 
5&1& 3D-uhfabrekb cnhemneht,bc fut,f ACD Labs 

gtrtnbc cfiefkt,bs -------------------------------63 
5&2& 3D-uhfabrekb cnhemneht,bc fut,f Chem 3D-c 

cfiefkt,bs ----------------------------------------68 
5&3& nhfycajhvfwbt,b cfvufypjvbkt,bfy vjltkt,pt -71 
6& vfhnbdb cffyufhbij ghjuhfvt,b ---------------------76 
6&1& vjktrekehb vfcbc ufycfpqdhf -------------------76 
6&1&1& vjktrkehb vfcbc uffyufhbit,f ghjuhfvbc 

EniG. Chemistry Asissytant cfiefkt,bs -----------77 
6&1&2& vjktrkehb vfcbc uffyufhbit,f ghjuhfvf Chem 

Sketch-bc cfiefkt,bs -----------------------------78 
6&1&3& vjktrkehb vfcbc uffyufhbit,f ghjuhfvbc Chem 

Draw cfiefkt,bs----------------------------------79 
6&2& htfmwbbc cntmbjvtnhbekb rjtabwbtynt,bc 

fyufhbib -------------------------------------------80 
6&3& [cyfhbc rjywtynhfwbbc uffyufhbit,f -------------82 
6&4& yfthsbc abpbreh-mbvbehb rjycnfynt,bc 

fyufhbib -------------------------------------------84 
6&5& yfthst,bc yjvtyrkfnehf--------------------------87 
6&5&1& ybdsbtht,bc lfcf[tkt,f ghjuhfvbc ChemSketch 

cfiefkt,bs ----------------------------------------87 
6&5&2& ybdsbtht,bc lfcf[tkt,f ghjuhfvbc ChemDraw 

cfiefkt,bs ----------------------------------------89 
6&5&3& ybdsbtht,bc lfcf[tkt,f ghjuhfvbc ISIS Draw 

cfiefkt,bs ----------------------------------------90 
6&6& cgtmnht,bc lfveifdt,f ----------------------------90 
6&6&1& eknhfbbcathb lf tktmnhjyekb ~[bkekb` 

cgtmnht,bc fut,f lf lfveifdt,f -------------------91 
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6&6&2& byahfobstkb cgtmnht,bc fut,f lf lfveifdt,f --- 98 
6&6&3& vfc-cgtmnht,bc fut,f lf lfveifdt,f -------------- 98 
6&6&4& 1H-,vh cgtmnht,bc fut,f lf lfveifdt,f ---------- 98 
6&7& vfhnbdb mbvbehb uffyufhbit,t,bc ghjuhfvbht,f- 99 
7& ufvjsdkbsb mbvbbc cfae’dkt,b -------------------- 102 
7&1& ufvjsdkbsb vtsjlt,bc cfo.bct,b --------------- 103 
7&2& ufvjsdkbsb vtsjlt,bc cfiefkt,t,b ------------ 104 
7&3& cfertstcj vtsjlbc ithxtdf---------------------- 104 
7&4& ufvjsdkbsb vtsjlt,bc vjrkt vbvj[bkdf ------ 106 
7&5& ptlfgbhbc gjntywbehb tythubf ----------------- 108 
7&6& othnbkjdfyb tythubbc uffyufhbit,f ------------ 110 
7&7& utjvtnhbbc jgnbvbpfwbf ------------------------ 111 
7&8& SDBCT,T,BC FYUFHBIB ----------------------- 112 
7&9& vtmfybrehb lbyfvbrf  ~vjrkt vbvj[bkdf`-------- 113 
7&10& ‘fkehb dtkb------------------------------------- 114 
7&11& vjktrekehb lbyfvbrbc cbvekfwbf ------------- 118 
7&12& mdfynehb vtmfyrbc vjrkt vbvj[bkdf ------------ 119 
7&13& CS MOPAC-ib ufvj.tyt,ekb vtsjlt,b --------- 124 
7&14& vjktrekehb vtmfybrbc ~MM2` fyufhbib -------- 128 
7&15& vjktrekehb lbyfvbrf--------------------------- 134 
7&16& vjltkbc tktmnhjyekb rjyabuehfwbbc 

ufycfpqdhf --------------------------------------- 139 
7&17& uflfcfhsfdb  General ~pjuflb` ------------------ 141 
7&18& yfthsbc jgnbvbpfwbf ufhlfvfdfk tythutnbrek 

vlujvfhtj,fib ----------------------------------- 142 
7&19& sdbct,t,bc fyufhbib------------------------------ 144 
7&19&1& ofhvjmvybc cbs,j ∆Hf------------------------ 146 
7&19&2& lbgjkehb vjvtynb -------------------------- 146 
7&19&3& ve[nt,b -------------------------------------- 147 
7&20& gjkfhbpt,ekj,f-------------------------------- 151 
7&21& cjkdfnfwbf o.fkib ----------------------------- 153 
7&22& ptiteqkt,bc tatmnt,b -------------------------- 155 
7&23& cgbyehb cbvrdhbdt-------------------------------- 156 
lfyfhsb A---------------------------------------------- 160 
lfyfhsb B ---------------------------------------------- 162 
CS MOPAC-ib ufvj.tyt,ekb lfvfnt,bsb ,h’fyt,t,b- 162 
lfyfhsb C ---------------------------------------------- 165 
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*.out afbkbc ufvj.tyt,f --------------------------------165 
fy,fyehb cf’bt,tkb -------------------------------------167 
cfhxtdb--------------------------------------------------169 
itybidyt,bcfsdbc----------------------------------------173 
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ITYBIDYT<BCFSDBC 
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ITYBIDYT<BCFSDBC 

 

 

 
 
 
rjvgbenthekb epheydtk.jaf t& tkbp,fhfidbkbc 
 

 
 
 
uflftwf ofhvjt,fc 10&11&2005& [tkvjothbkbf lfcf,tzlfl  

02&12&2005& mfqfklbc pjvf 60×84 1$16& gbhj,bsb yf,tzlb sf,f[b 11& 
cffqhbw[dj-cfufvjvwtvkj sf,f[b 9& nbhf;b 100 tup& itrdtsf = 
 
 
 

 
 
 

B<TZLT<F FDNJHSF VBTH 

OFHVJLUTYBKB CF{BS 

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




