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Electronic Structures and Spectra of (]yanoethylene Derivatives 
By 
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Results of two different types of molecular orbital calculations of several ~-orbital systems 
containing nitrfle groups are reported and compared. The bidentate ligand bis-(methyl- 
mercapto)maleonitrile and re]ated molecules are included. Electronic spectra of these mole- 
cules are reported and assigned in terms of the calculated energies. 

Naeh zwei verschiedenen N~herungen werden im Rahmen der Methode der Molekiil- 
bahnen die ~-Elektronenzust~nde einiger Molekfile, die Nitrilgruppen enthMten, untersueht. 
Es werden der zweiz~hnige Ligand 2,3-Bis-methylmercapt~o-maleins~uredinitril und verwandte 
Molekiile betrachtet. Die Elektronenspektren dieser Verbindungen lassen sieh mit tIilfe der 
berechneten Termenergien deuten. 

Pour quelques syst~mes aux 61ectrons 7~ et poss~dant des groupes CN, y compris le ligande 
ch61atant NC-C(SCI-Ia)-C(SCIta)-CN et de mo16eules semblables, nous donnons et comparons 
les r6sultats de deux variantes de la m6thode des orbitMes mol6eulaires. Les spectres 61ectroni- 
ques de ces mo16cules sont donn6s et inteT~pr6t~s ~ l'aide des 6nergies caleul~es. 

Introduction 

Of late,  the  chemis t ry  of  bis-mercaptomaleonitrile (rant) has  assumed propor-  
t ions  in  the  field of  inorganic  chemis t ry  t h a t  make  an  analysis  of i ts  basic elec- 
t ronic  s t ruc ture  pa r t i cu l a r ly  impor t an t .  I t s  ab i l i t y  to  form square-p lanar  com- 
plexes  wi th  a host  of  ~ransi t ion me ta l  cat ions  m a r k s  i t  as a l igand  which will 
receive increas ing a t t en t ion  in the  fu ture  [8]. I n  inves t iga t ing  the  electronic 
s t ruc ture  o f m n t  i t  was found mos t  convenient  to  work  wi th  the  d ime thy l  th ioether .  
Te t r ahed ra l  carbon effect ively caps the  ends of  the  ~ - sys tem wi thou t  app rec i ab ly  
d i s tu rb ing  the  delocal ized ~-elect ronic  s t ruc ture .  The d ime thy l  de r iva t ive  also is 
more  s tab le  chemical ly  t h a n  ran t  itself. 

This pape r  presents  an analys is  of  the  electronic absorp t ion  spec t ra  of the  
d i m e t h y l  de r iva t ive  of  ran t  and  several  r e la ted  molecules in  t e rms  of  molecular  
orb i ta l  theory .  

Results 
Two types  of  calculat ions  were carr ied out ;  a set of  calculat ions inc luding the  

over lap  integrMs and  a set of  s t a n d a r d  Hfickel  calculat ions.  I n  bo th  sets, only  the  
p=-systems were t r ea ted ,  since the  filled (~-orbitals are p r o b a b l y  too s table  to  give 
rise to  electronic t r ans i t ions  in the  energy  range s tud ied  ( < 53,000 cm-1). The 
molecular  orb i ta l s  were of  the  form y~ = F~ cl p,~ where the  c~'s are sub jec ted  to  
the  usual  condi t ions  of  normal iza t ion  and  or thogonal i ty .  

a) Hiickel (HMO) calculations 
I n  th is  set of  calculat ions,  the  s t a n d a r d  Hi ickel  app rox ima t ions  were assumed 

(Sij -- d~j,/~ij" = 0 i f  I i -- )" I > 1). P r e l im ina ry  values of  the  molecu la r  pa r a me te r s  
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were chosen f rom the l i terature [11] and then  adjus ted  to give the best  possible 
agreement  with the exper imenta l  results. The following values were found to be 
consistent  with the electronic spectral  da t a :  

~c = o ~  f l c - c - -  fi fi = - 3L000 em ~ 
~ s  = c~ + .4 fi f i c - ~  = t . 8  fi 
~ = c~ + .6 fi f ic-s = .6 fi 

~c-cN = .s ~ .  

In  the tI / ickel  approximat ion ,  the electronic popula t ion is given by  : 

Popj  th atom : ~ ac~ a = 1, 2 . 
a l l  occupied  

leve ls  

b) Calculations including overlap integrals (OMO) 

For  this set of  calculations, the overlaps were eva lua ted  explicit ly and the 
resonance integrals were assumed to be propor t ional  to overlap integrals.  

The overlaps were calculated by  the usual procedure [1] using Clementi 's  [3] 
double-zeta  basis functions and bond  lengths obta ined f rom the l i terature [4, 7]. 
Both  I tMO and OMO calculations were per formed using p rograms  wri t ten  for the 
Columbia IBM-7094 computer .  The procedure used for the OMO calculations has 
been described in detail  elsewhere [1, 2]. 

The resonance integrals were calculated according to the formula  

H~j = / H ,  H z ( - / ~  S~j) 

where the Sij's are the overlap integrals and the  Hi~'s and H j / s  are es t imated  as 
valence orbital  ionization potent ia ls  (VOIP).  The V O I P  have been t abu la ted  [1, 2]. 
The value F = 2.3 was used for all H#.  

I n  these calculations the  popula t ion  analysis is given b y  the formula:  

Popj  tl, atom = ~ a c~ + ~ a c 3. q S i j .  

D i s c u s s i o n  

We now compare  the results of these calculations on various molecules with 
the spectra  given in Tab.  1. The eigenveetors are given in Appendix  I.  

Bis-(methylmercapto)maleonitrile [(CIta)~mnt ]. The sys tem for this molecule 
(C~v) is labeled as follows: 

(5) (6) 
N N 

\ / 
(4) (3) 
c c 

\ / 
(t) (2) 
C C 

/ \ 
s s 

(7) (s) 
/ \ 

CH~ CH a 

(CHs) 2 rant 
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Table I. Electronic Absorption Spectra o/Several Molecules Containing Nitrile Groups 

Molecule Solvent ~ , ~  cm -1 (e) 

Bis- (methylmercapto) - 
maleonitrile 

Bis-(methylmercapto)- 
fumaronitrile 

Tetracyanoethylene 

Fumaronitrile ~ 
Maleoni~rile~ 
Aerylonitrile 

C2HsOH 
CH30H 
CH30H 

C2I-IsOH 
CttaOH 
C2HsOH 
C2H~OI-I 
C~HsOH 

43,240 (5,370) ; 35,971 (5,300) ; 29,326 (16,000) ; 
45,420 (6,000) ; 36,790 (5,700); 29,460 (15,900) 
46,840 (5,600); 36,630 (4,t00); 29,350 (11,900) 

40,733 (10,080) ; 24,0t4 (sh.) (2,400) 
40,520 (1t,800) 
45,450 (15,880) 
45,450 (14,480) 
51,800 (10,000); 48,500 (sh.) 

a From rcf. [12]. 

The energies ca lcu la ted  b y  bo th  procedures  are given in Tab.  2. I t  should be 
no ted  t h a t  bo th  calculat ions gave the  same order ing of  molecular  orb i ta l  levels. 

The first band,  centered a t  29,326 cm -1 (EtOH) ,  is fa i r ly  intense (e = 16,000), 
and  bo th  calculat ions a t t r i bu t e  th is  band  to the  al lowed t rans i t ion  3 b~ -~ 3 a 2 
[1A 1 -~ 1B2]. The HMO scheme predic ts  the  t r ans i t ion  a t  .90 fi or ca. 27,900 cm -1 
whereas the  OMO calcula t ion  predic ts  the  t r ans i t ion  at  27,725 cm -1. Bo th  calcula- 
t ions are in good agreement  wi th  exper iment .  The calculat ions predic t  another  
al lowed band  in the  range of  the  spec t rophotomete r .  The HMO calcula t ion gives a 
t r ans i t i on  2 a2 -+ 3 a~ [1A 1 -+ 1A1] a t  A = 1.46 fi or 45,260 cm -1. I n  the  OMO pro-  
cedure, the  t r ans i t ion  2 a 2 -~ 3 a 2 is p red ic ted  a t  53,070 cm -1. Hence the  b a n d  a t  

Table 2. Energies and Symmetry Properties o] the ~-Mole- 
cular Orbital8 o/Bis-(Methylmercapto) maleonitrile 

MO ]-IMO energy OMO energy (cm -1) 

I b i 

I a 2 
2 b~ 
2 ct 2 
3 b~ 

3 a 2 

4 b~ 

4 a 2 

a + 2.37 fl 
a + 2.22 fl 
a + 1.25 fl 
a + 0.62 fl 
a + 0.06 fl 

- 0.84fl 
cr - 1 . 6 8  fl  

a - 2.00fl 

- 135,857 
- 132,764 
- 120,375 
- 104,487 

- 79,t42 
- 51,417 

57,1i8 
127,991 

45,420 cm -1 is assigned 2 a 2 -+ 3 %, and i t  is in teres t ing  t h a t  the  HMO me thod  
gives be t t e r  agreement  wi th  exper iment .  The band  observed in E t O H  a t  35,97i  
cm -1 (s = 5300) p r o b a b l y  der ives  a good f rac t ion of  i ts  i n t ens i ty  f rom the  s t rong 
band  a t  29,326 cm -1. This is assigned as a "pe rpend icu la r "  n -~ ~*- type  t r ans i t ion  
from an  !nplane  sulfur o rb i ta l  to  the  3 a 2 orbi ta l .  The HMO calculat ion predic ts  
th is  band  a t  38,440 cm -1 ( i .24f l ) ,  whereas  the  OMO calcula t ion predic ts  i t  a t  
4i ,983 cm -1. Thus  the  ass ignment  is reasonable  and is fu r ther  suppor t ed  b y  the  
obse rva t ion  t h a t  the  band  moves  to  higher  energy in the  more  po la r  CH~OII 
solvent .  Curiously,  there  appears  to be no sp l i t t ing  of th is  band  as observed in  
p l ana r  cr and  ec-dicarboxylic acid der iva t ives  [6, 9]. E i the r  the  geomet ry  
of  (CH~) 2 ran t  is such t h a t  the  nonbonding  orbi ta ls  on sulfur do no t  in te rac t ,  or 
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t h a t  the  r a the r  po la r  solvents  [5] used in  th is  s t u d y  favor  a conformat ion  t h a t  
separa tes  the  nonbond ing  orbi ta ls .  (This p rob lem is p resen t ly  under  inves t iga-  
t ion.)  The n -+ 7~*-transition f rom the  n i t rogen a tom is p r o b a b l y  of  too high an 
energy to  be observed.  

I n  s u m m a r y ,  bo th  calculat ions account  r easonab ly  well for the  spec t rum of the  
molecule.  The highest-f i l led level is a p p r o x i m a t e l y  nonbonding  wi th  respect  to  
carbon in the  t tMO scheme and  s l ight ly  
an t ibond ing  in t h a t  respect  in  the  OMO Table 3. Population Analysis o/ 
calculat ion.  The calculat ions  agree t h a t  Bis-(Methylmercapto)maleonitrile 
the  h ighest  filled level  is s l ight ly  ant i -  Atom ~ o  o~m 
bonding  wi th  respect  to  sulfur and  
ni t rogen.  The popu la t ion  analys is  of  the  S (7) = S (8) 1.85 1.76 
occupied levels for the  a toms  of  (CHa) 2 C (1) = C (2) 1.t0 t.10 

N (5) = N (6) 1.t9 1.30 
ran t  is g iven in  Tab.  3. I t  is n o t e w o r t h y  C (3) = C (4) .86 .84 
t h a t  bo th  calculat ions  lead  to  ve ry  s imilar  
o rb i ta l  popu la t ions  for this  molecule.  

Bis-(Methylmercapto)/umaronitrile [(CHa) 2/nt]. The molecular  orbi ta ls  of  th is  
molecule of  C2a s y m m e t r y  are of  the  same form as those  of  (CHa) 2 rant .  The 
s y m m e t r y  proper t ies  of  the  orbi ta ls ,  of  course, are different.  They  are presented  

Table 4. Energies and Symmetry Properties o] the u-Mole- 
cular Orbitals o] Bis-(Methylmercapto) /umaronitrile 

MO IIMO energy OMO energy (em -1) 

1 au 

I bg 
2 au 
2bg 
3 au 
3 bg 
4 au 

4bg 

a + 2.37/3 
a + 2.22/~ 

+ 1.25 fi 
+ . 6 2  fl 
+ . 0 6  f l  
- . 8 4  f l  

c~ - 1 . 6 8  f l  
- 2.00 fl 

- 135,857 
- 132,764 
- 120,375 
- 104,487 
- 79,142 
- 51,417 

57,118 
127,991 

in Tab.  4. The highest  filled level is 3 au. The p a t t e r n  of absorp t ion  of (CHa)2 fn t  
in  m e t h a n o l  (Tab. 1) is ve ry  s imilar  to  t h a t  of (CIt3) 2 m n t  and  the  t rans i t ions  are 
assigned accord ingly :  

29,350 cm -1 3 a ,  -+ 3 bg 
36,630 cm -1 n (S) ~ 3 bg 
46,840 cm -1 2 bg -§ 3 bg. 

The popu la t ion  analysis  of  th is  molecule is the  same as t h a t  for (CHa) 2 rant  
(see Tab.  3). 

Acrylonitrile, maleonitrile, [umaronitrile, and tetracyanoethylene. Due to the i r  
s t ruc tu ra l  s imilar i t ies  we shall  discuss as a group the  s imple molecules conta in ing  
only ni t r i le  func t iona l  groups.  

The energy level schemes ca lcu la ted  b y  bo th  me thods  are given in  Tab.  5. All  
the  molecules have  the i r  h ighest  filled levels bonding  wi th  respect  to  C and  N. The 
ca lcu la ted  separa t ion  of the  h ighest  filled and lowest  e m p t y  7~-levels decreases as 
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t h e  n u m b e r  o f  n i t r i le  g roups  a t t a c h e d  to  t h e  e t h y l e n e  f r a m e w o r k  increases .  Thus ,  

we h a v e  t h e  o rde r  ac ry lon i t r i l e  > ma leon i t r i l e  = f u m a r o n i t r i l e  > t e t r a e y a n o -  

e t h y l e n e  ( T C N E )  for  t h e  spec t ro scop ica l l y  i m p o r t a n t  separa t ions .  

P o p u l a t i o n  ana lys i s  a re  g i v e n  in  Tab .  6. All  t h e  molecu le s  s t ud i ed  s h o w  a 

b u i l d - u p  of  charge  on  t h e  n i t r o g e n  a t o m s  a t  t h e  expense  o f  t h e  a d j a c e n t  ca rbon  

a t o m s .  

Table 5. Energies and Symmetry Properties 
o/the z-MolecuIsr Orbitals 

Tetraeyanoethylene 

MO HMO energy OMO energy (em -1) 

t b3u 
I ble 
i 5,~, t ben 
2 ba~ 
2 big 
2 b2g, 2 a~ 
3 ba~ 
3 bl~, 

a + 2.52/3 
a + 2.30/3 
a + 2.12/3 
c~ + .88 fl 
c~ - .49 fl 
cr - 1.52/3 
a - 1.80 fl 
a - 2 . 2 1  f l  

- 137,164 
- 133,428 
- 130,486 
- 111,481 
- 75,575 
- 23,097 

t22,046 
181,255 

Maleoni- 
trile 
MO 

i b 1 
J a 2 

2 b 1 
2 a 2 

3 bl 
3 a 2 

HMO energy 

+ 2.34 fl 
a + 2.21 fl 
a + 0.93 fl 

- 0.66fi 
- 1.67 fl 
- 1.95 fi 

OMO energy (cm -1) 

- 134,t28 
- 131,740 
- 112,066 
- 67,355 
- 2,951 

7,600 

Fnmaro- 
nitrile 

MO 

t 5u  

I bg 
2 5u 
2bg 
3 au 
3 bg 

Acrylomtrile 

MO HMO energy OMO energy (cm -I) 

+ 2.28/3 
a + 0.96 fl 
c~ - 0.81 fl 
c~ - 1.83 fl 

- 132,907 
- 112,902 
- 55,167 

40,105 

7~ - ,  s*-bands.  All  t h e  n i t r i l e - c o n t a i n i n g  molecu le s  s t ud i ed  s h o w  one  b a n d  due  

to  an  a l lowed  ~ -+ z *  t r ans i t ion .  T e t r a c y a n o e t h y l e n e  exh ib i t s  th i s  t r a n s i t i o n  a t  

40,520 cm -1 (MeOH,  e = 11,800). T h e  OMO ca l cu l a t i on  p red ic t s  t h e  b a n d  a t  ca. 

35,906 cm -1 whi le  t h e  t I M O  ca l cu l a t ion  g ives  i t  a t  42,470 em -1 ( A E  = 1.37 fl). 

A c c o r d i n g  to  b o t h  ca l cu la t ions  t h e  b a n d  is 2 bsu -+ 2 b~g (SAg ~ 1B~u), which  is an  

a l lowed  t r ans i t i on .  

A c c o r d i n g  to  t h e  a p p r o x i m a t i o n s  e m p l o y e d  in  th i s  work ,  f u m a r o n i t r i l e  a n d  
m a l e o n i t r i l e  h a v e  t h e  s a m e  e n e r g y  leve l  scheme.  I n  each  ease t h e  a l lowed  7~ --7~* 

t r a n s i t i o n  is c a l cu l a t ed  a t  49,290 cm -1 (1.59fi)  b y  t h e  H M O  m e t h o d  a n d  a t  
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4 4 , 7 i i  em -1 b y  the  OMO method .  A n  in tense  b a n d  is observed  in each molecule  
a t  a p p r o x i m a t e l y  45,450 em -1 (e -- i4,480 for maleoni t r i l e ;  e = 15,880 for fumar-  
onitri le) in E t O t I  in  good agreement  wi th  the  calculat ions.  The de ta i led  ass ignment  
for fumaroni t r i l e  is 2 au -,  2 bg (lAg -+ 1Bu) while for maleoni t r i le  the  ass ignment  

is 2 b 1 -~ 2 a S (1A 1 -+ 1Bu). 

I n  acry loni t r i le  an  in tense  band  (s = i0,000) is observed a t  ca. 51,800 cm -1. 
The HMO ca lcu la t ion  gives th is  band  a t  54,870 cm -1 (AE = 1.77/~) while the  OMO 
calcula t ion  pred ic t s  i t  a t  57,735 cm -1. 

None of the  ~ -+ ~* t rans i t ions  is associa ted  wi th  a n y  large t ransfer  of  charge. 
I n  o ther  words,  the  t rans i t ions  are be tween  h igh ly  delocal ized n-orbi ta ls .  This 

Table 6. Population Analy~'is o] the Occupied x-Levels 

Atom ItMO OMO 

Tetraeyanoethylene 

C(3) = C(4) 
N(8) = N i I 0 ) = N ( t )  =N(6) 
C(2) = C(5) = C(7) = C(9) 

.96 
1.18 

.86 

.92 
1.24 

.80 

Acrylonitrile 

C (1) .96 .92 
C (2) t.02 1.02 
C (3) .85 .80 
N (4) 1.18 1.26 

Fumaronitrile (Maleonitrile) 

C (2) = C (5) .92 
C (3) = C (4) .96 
N (i) = N (6) 1.t2 

.80 

.95 
t .25 

i n t e r p r e t a t i o n  is consis tent  wi th  the  fact  t h a t  the  ~ - - ~ * - b a n d s  are essential ly 
unaffected b y  changing the  po l a r i t y  of  the  solvent  employed.  This is n ice ly  
i l lus t r a t ed  for aeryloni t r i le  in Tab.  7 and  for TCNE in Tab.  t .  

n -+ ~* bands. W e a k  bands  a t t r i b u t e d  to  perpendicu la r  t rans i t ions  involv ing  
the  exc i t a t ion  of a nonbonding  e lec t ron f rom the  n i t rogen  of a ni t r i le  group to the  
lowest  ~* level  (n -+ ~*) are observed in  the  spec t ra  of aeryloni t r i le  and  t e t r aeyano-  
e thylene.  To our knowledge,  s imilar  weak bands  have  not  been observed in the  
spec t ra  of fumaroni t r i l e  and  maleoni t r i le .  

I n  add i t i on  to  one s t rong b a n d  (~ -~ 7~*) at  10,733 em -1 in E t O t t ,  TCNE also 
d i sp lays  a shoulder  a t  ca. 34,000 em -1. This shoulder  is assigned as the  n -+ 7~* 
(2 big ) t r ans i t ion  p red ic t ed  a t  33,700 em -1 (1.09/~) b y  the  I IMO m e t h o d  and  at  
30,825 em -1 b y  OMO calculat ion.  I n  the  more  po la r  CHaOH the  n -+ z* - t r ans i t i on  
is p r o b a b l y  of higher  energy and  obscured  b y  the  in tense  40,520 em -1 band.  

I n  acryloni t r i le ,  in add i t i on  to  the  al lowed band ,  there  is a shoulder  a t  ca. 
48,500 em -1. This band  m a y  be due to  the  n(N)--,7~* t rans i t ion .  The HMO 
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calculation predicts this transit ion at  t.41 fl (43,710 cm -1) while the OMO calcula- 
t ion predicts it at  51,233 em -1. Bo th  calculations correctly predict  the n -~ z*-  
t ransi t ion at lower energy than  the allowed z -~ ~*-transition. 

Al though the presence of  vibrational  s tructure clouds somewhat  the inter- 
pre ta t ion of  the shoulder as due to a separate electronic transition, a limited s tudy  
in the vapor  phase and in three solvents is consistent with our assignment. These 
results are set out  in Tab. 7. 

The position of  the intense band  is relatively insensitive to the solvent;  however, 
the shoulder occurs at  higher energy in the more polar solvent acetonitrile than  in 
isooctane. I n  tt~O, the most  polar solvent studied, we hypothesize tha t  the 
n -~ z* -band  is at  high energy and is buried under the intense ~ -~ ~*-band. 

Table 7. Electronic Spectrum o] Acrylonitrile 

solvent HzO Acetonitrile 

max (~ --> Jr*) A 1935 a 1925 
,t (shoulder) • - 2025 

Exact location of peaks is uncertain. 

~soctane 

t930~ 
2060 

vapor phase 

1930~ 
2060 

Summary  and Conclusions 

Comparing the results of  the two types  of  calculations, we find that ,  except 
for the fumaronitri le case, the HMO method  gives bet ter  agreement with the 
spectra t han  the OMO method.  However,  this is s imply due to the fact  t ha t  all 
the HMO molecular parameters  were varied to  obtain the best fit with the spectra. 
The OMO results are all in reasonable agreement  with the spectra and, from a 
theoretical point  of  view, much more satisfying since in this method there is only 
one adjustable parameter  (the F-factor) .  The F- fac tor  of  2.3 was not  changed 
from molecule to  molecule. Significantly, for each molecule investigated both  
calculations gave the same results in two impor tan t  respects:  

1. the energy ordering of the molecular orbitals; 
2. the assignments of  the spectral bands. 

I n  addition, the eigenvectors and resulting populat ion analysis of  the molecules 
are similar in both  sets of calculations. 

Comparison of HMO and OMO Parameters  

I t  was deemed desirable to compare the empirical HMO molecular parameters  
with the semi-empirical OMO parameters.  I n  order to do this, the OMO para- 
meters were converted to HMO form. 

a) Coulomb integrals 
The s tandard  HMO form for the coulomb integral is ~u = a x  + Cfixx where 

ax  refers to a s tandard  a, usually ac,  and flxx refers to  a s tandard  fl (ethylene 
fic-c = - 31,000 cm -1) and c is a number.  

To convert  the OMO parameters  to HMO form we made use of  the average 
carbon V O I P ;  thus  a - -- 85,000 cm -1. Therefore, our aN ( -- 106,400) = a § .7 fi 
while as  (--  93,400) = cr + .3 ft. 
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b) Resonance integrals 
The s t a n d a r d  HMO form for resonance in tegra ls  is flAB = k/~XX where f ixx is 

a s t a n d a r d  fi and  k is a number .  Since ~AB is dependen t  on SAB (and thus  on bond  
length),  i t  varies  from molecule  to  molecule.  I n  Tab.  8 the  var ious  values  of  fiAB 
are t abu la t ed .  F i r s t  the /~-va lues  are g iven  in  t e rms  of  the  e thy lene /~  (fi'), and  
then,  since the  ra t ios  of the  fl's are cri t ical  in  HMO calculat ions,  t h e y  are expressed 
in t e rms  of/~cc (8) for the  pa r t i cu la r  molecule involved.  I n  Tab.  9 the  HMO and  

Table 8 

mnt 

8c-s = -48,447 =1.568 '  = .688 
8c-~ = -82,958 = 2 . 6 8 8 ' = 1 . 1 6 8  
fic-c~= -59,557 = 1 . 9 2 8 ' =  .848 
8c-c = -7 t ,081  =2.298 '  = 8 

NC - C - C - CN 
8c-N = - 7 9 , 6 8 4 = 2 . 5 7 8 ' = 1 . 1 9 8  
8c-c~= - 59,557 =1.928 r = .898 
flc-c = - 6 7 , 0 9 6 = 2 . 1 6 8 '  = 8 

C - C - C N  

8c-~ = - 7 9 , 6 8 4 = 2 . 5 8 8  ~ = 1 . t 9 8  
8c-c~= -58 ,018=1 .87f i1=  .878 
flc-c = - 6 6 , 7 8 0 = 2 . 1 5 8 ' =  8 

NC CN 

C - - C  

NC CN 

8c-N = - 8 0 , 0 7 6 = 2 , 5 8 8 ' = 1 . 1 6 8  
8c-c~= - 5 8 , 9 4 5 = 1 . 9 0 8  r = .858 
8c-c = - 6 9 , 6 0 2 = 2 . 2 5 8 ' =  8 

~N 

~S 
~C 

Table 

HMO 0MO~ 

+ .6 8' ~ + .7 8' 
+ .4 8' ~ + .3 8' 

8C--C 8 ! 
8o-o~ .8 8' 
8c-N t.8 fl' 
8c-s .6 8' 

rant Fumaronitrile 

.84 8 , .89 8 
1.16 8 t.19 8 

. 6 s 8  I - 

Acrylonitrile ] TCNE 
! 

.87 ~ L .85 
t . t9~ ] 1.16 

- -  ] - -  

fl = flA~ in molecule in question; (actual values in cm -1) of fl in the various molecules; 
rant = - 71,082; fumaronitrile = - 67,046; acrylonitrile = - 66,780; TCI~E = - 69,602. 

OMO p a r a m e t e r s  are compared .  The  pa r ame te r s  are r easonab ly  consis tent  from 
molecule to  molecule  in  the  OMO series. The p a r a me te r s  in  th is  series are qual i ta -  
t i ve ly  ve ry  s imilar  to  the  t tMO paramete r s .  

Experimental 
Samples  of  (CHa)2 m n t  and  (CHs) 2 fn t  were p repa red  according to  p rev ious ly  

pub l i shed  me thods  [10]. Reagen t  grade  t e t r a e y a n o c t h y l e n e  and  spec t ra l  grade  
acryloni t r i lc  were used. All  spec t ra  were measured  on a Cary 14 Spec t rophotomete r .  

Theoret. chim. Acta (Berl.) Vol. 4 t 3  
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Eigenvectors 

Appendix 
(5)NC(4) 

C --C 
(t) (2) 

S 
(7) 

1. Bis(Methylmercapto) maleonitrile 

2 

.30 

.30 

.11 .36 

.12 .44 

- .39 .14 
- . 5 1  .11 

.27 .01 

.24 .01 

- . 3 0  - . 1 1  

- . 3 4  - . 0 4  

- . 3 8  - . 4 2  

- . 4 9  - . 2 8  

.31 - . 7 t  

.17 - .51 

- .90 .63 
- . 4 2  . 4 5  

3 4 

.32 .32 

.44 .44 

- .36 
- .44 

1 

OMO .30 
HMO .30 

OMO - - A I  

tIMO - . t 2  

OM0 - .39  
ItMO - .51 

OMO - .27 
ttMO - .24 

OM0 - .30  
HMO - .34  

OMO .38 
H3/IO .49 

OM0 .31 
HlV[O .17 

OMO .90 
HMO .42 

(3)CN(6) 

S 
(8) 

5 6 7 

.34 .34 .1t 

.45 .45 .09 

- .45  .45 - .05  
- .45  .45 - .05  

.t4 .37 .37 - .29  

.11 .30 .30 - .36  

- .011 - A 7  .t7 - .59  
- .01 - .10  A0 - .65  

- . t l  .22 .22 .63 
- . 04  .15 .15 .59 

i 

.42 i - .49  .49 - .33  
I 

.28'  - . 34  .34 - .23  

- .71 .54 
- .51 .42 

- .63  .35 
- . 4 5 ]  .3t 

.54 - A 6  

.42 - .05  

- .35  - .32  
- .31 - A I  

8 

. t l  I b 1 

.09 

.05 ] a 2 

.05 

- . 2 9  2 b 1 
- .36  

.59 2 a 2 

.65 

.63 3 b 1 

.59 

.33 3 a 2 

.23 

--.16 4 b 1 
- .05 

.32 3 a 2 

.11 

(10)NC(9) 

2. TeSracyanoethylene 

NC 
(1) (2) 

OMO 
HMO 

OMO 
ItMO 

OMO 
tIMO 

OMO 
tIMO 

1 

.24 

.30 

- .3t 
- .35 

.35 

.54 

.35 

.54 

2 3 

.24 .29 

.32 .34 

- .26 -~14 
- . 3 3  - . 1 6  

.26 0 

.45 0 

.26 0 

.45 0 

J 
C --C 

(3) (4) 

4 5 6 

.29 .24 .24 

.34 .32 .30 

.14 .26 .31 

.16 .33 .35 

0 --.26 --.35 
0 --.45 --.45 

0 .26 .35 
0 .45 .54 

(7)CN(8) 

CN 
(5) (6) 

7 8 

.24 .24 

.32 .30 

.26 .31 

.33 .35 

.35 .26 
.45 .54 

- . 2 6  - .35 
- . 4 5  - . 5 4  

9 

.24 

.32 

- .26 
- .33 

-- .26 
- .45 

- .26 
- .45 

10 

.24 

.30 

- . 3 1  

- . 3 5  

- . 3 5  

- . 5 4  

- . 3 5  

- . 5 4  

I b3u 

t big 

I 

t b2g 
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2. Tetrac ;anoeShylene 

0 M 0  
H M 0  

0 M 0  
H M 0  

0 M 0  
H M 0  

0 M 0  
H M 0  

OMO 
HMO 

0 M 0  
H M 0  

'Fortsetzung) 

1 

.32 

.28 

- .36 
- . 2 8  

- . 4 t  0 

- . 4 6  . 5 4  0 

- . 4 1  . 4 7  0 

- .46 .54 0 

.37 - . 5 3  

.29 - .38 

.29 - .56 

.21 - .33 

2 3 4 

.04 - . 4 6  - . 4 6  

.04 - . 5 8  ! - . 5 8  

.21 

.t7 

.47 

.47 - .47 

.53 - .53 

0 
0 

0 
O 

.38 

.22 

.95 

.44 - . 4 4  

.04 

.04 

- .21  
- A 7  

- . 47  
- . 5 4  

.47 - . 4 t  - . 47  

.54 - . 4 6  - . 5 4  

.38 - . 5 3  .37 - . 53  

.22 - . 38  .29 - . 3 8  

- . 9 5  .56 - . 2 9  .56 
.33 - .21  ~ .33 

6 7 8 

.32 .04 .32 

.28 .04 .28 

.36 - .21  .36 

.28 - . 1 7  .28 

.4t .47 - .41  

.46 .54 - . 4 6  

.41 

.46 

.37 

.29 

- . 2 9  
- .21  

C - C - C - N  
1 2 3 4 

3. Acrylonitrile 

0 M 0  
H M 0  

0)/ i0 
H M 0  

0 M 0  
H M 0  

0 M 0  
H M 0  

1 2 3 

4. Fumaronit~rile 

A2 .26 
.12 .28 

- . 5 8  - . 5 5  
- . 6 8  - . 6 5  

.72 - . 4 6  .49 

.68 - . 5 5  .30 

- . 53  .84 - . 8 9  
- . 2 4  . 4 3  - . 7 0  

12 3 4 ~ 

4 

.50 .60 

.65 .70 

.07 .40 

.07 .33 

.57 

.38 

.58 

.52 

0 M 0  
H M 0  

0 M 0  
HM~0 

01Vi0 
H M 0  

0 M 0  
H M 0  

0 M 0  
H M 0  

O H 0  
HI~I0 

1 

.34 

.47 

- .46 
- .52 

.38 

.31 

- .48 
- .34 

.54 

.43 

- .39 
- .34 

2 3 ] 4 

.35 .25 .25 

.45 .27 .27 

- . 3 7  - . t l  .1t 
- . 47  - . 1 2  .12 

.06 - . 5 2  - . 5 2  

.06 - . 6 3  - . 63  

.34 .51 - . 5 t  
,24 .57 - . 5 7  

- .71  .28 .28 
- . 5 4  .16 A6 

.66 - . 7 9  .79 

.48 - . 4 0  .4O 

5 

.35 

.45 

.37 

.47 

.06 

.06 

- .34 
- . 2 4  

- . 7 1  

- . 5 4  

- . 6 6  

- . 4 8  

6 

.34 

.47 

.46 

.52 

.38 

.31 

.48 

.34 

.54 

.43 

.39 

.34 

9 10 

.04 .32 2 b3u 

.04 .28 

.21 - . 3 6  2 big 

.17 - . 2 8  

- . 4 7  .41 2 a ~  

.54 .46 

- . 4 7  .41 2 b2g 
- .54 .46 

- . 5 3  . 3 7  3 b a ~  

- .38 .29 

- . 5 6  .29 3 big 
- .33 .21 

i 6~u 

t bg 

2 Ctu 

2 b~ 

3 au 

3 bg 

13" 
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