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A hyperconjugated model is used to calculate the proton h. L s. constants in HeCN radi- 
cal by the m. o. method. Agreement with experiment is excellent. A comparison between 
various approximations employed gives strong evidence of the importance of configuration 
interaction in such calculations. 

Mittels eines hyperkonjugierten Modells werden die Protonenhyperfeinstrukturkonstanten 
im H~CN-Radikal nach der MO-Methode bereehnet. Die Ubereinstimmung mit dem Experi- 
ment ist ausgezeichnet. Der Vergleich versehiedener Niiherungsmethoden beweist die Not- 
wendigkeit, bei derartigen Reehnungen Konfigurationsweehselwirkung einzuschlieBen. 

A l'aide d'un modgle ~ hyperconjugaison, les eonstantes de structure hyperfine protonique 
du radical H2C.N ont @t@ ealcul@s par la m~thode M0. L'accord avee l'exp6rienee est ex- 
cellent. Une comparaison entre les diff@rentes approximations employ@s met en 4vidence 
l'importance de l'interaction de configuration dans de tels cMculs. 

The E. S. t~. spectrum of a molecular fragment obtained by photolyzing H I  
in the presence of H C N  at 4.2 ~ K has been recently obtained by E. L. COCHRA~ 
et al. [1]. 

The spectrum consists of a main triplet with splitting of 87.4 gauss each line 
being further split into a second triplet by approximately i i  gauss. 

The spectrum has been assigned to the H~CN radical, the large coupling con- 
stant being assumed to be due to the two equivalent protons and the smaller one 
to the nitrogen nucleus. 

The exceptionally large proton coupling must be due to the fact that  both 
hydrogens lie in the plane containing the direction of the nitrogen p orbital where 
the unpaired electron may be thought to be located in first approximation. 

The situation is similar to the one occurring for example in the eyclohexadienyl 
radical where the large coupling constants of the methylene protons are in excel- 
lent agreement with what one predicts on the basis of a molecular orbital calcula- 
tion on a hyperconjugated model of the molecule [5]. In this respect WmFFE~ 
[9] has recently pointed out that  also a very simple perturbation procedure on 
such a model is in agreement with experiment. The perturbation procedure gives 
the splitting as 

where the Cl are the coefficients of the singly occupied m.o. at the atoms attached 
to the CH 2 carbon. The theory however leaves the constant Q to be determined 
empirically and this value is going to be rather different in the various cases accor- 
ding to the nature of the X atom and the X-C bond in the X-CH 2 fragment. 
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Furthermore the limits of validity of (t) are still uncertain owing to the small 
number of experimental cases available where the same Q is reasonably expected. 
As a consequence, even though hyperconjugation seems accepted as a decisive 
mechanism for the explanation of methylene protons coupling constants, further 
calculations of the type used for eyclohexadienyl and ethyl radicals [5] seemed 
desirable both for the purpose of a less empirical checking of the available experi- 
mental  results and as an indirect means of testing the general fitness of the pertur- 
bation t rea tment  leading to (t). 

In  this paper we present the results of this sort of calculations obtained for the 
alleged H2CN radical. 

Outline ot the calculation 

The radical structure is assumed to be planar and of symmetry  C2v. The HCH 
angle is assumed to be 120 ~ the CH distance 1.09 A and the CN distance i.26 A 

(equal to the bond length existing in dicyandiamide [7]) 

The radical is t reated as a three orbital system: a 
nitrogen 2pz orbital (~iv), a carbon 2pz orbital (~c) and 

~ ~  the correct symmetry  orbital for the hydrogens (H). 
The method of calculation of the molecular wave 

function is an extended configuration interaction (all 
monoexcited configurations are included) on the SCF 

Fig. 1 molecular orbitals obtained for the positive ion (a closed 
shell structure) by the usual P.P.P. [6] procedure. 

The same modifications adopted in ref. [5] were used and the same criteria 
employed for the choice of the parameters,  collected in Tab I.  

The ionization potential for the hydrogen orbital has been taken slightly 
higher than in ref. [5] owing to the larger distance between the two nuclei suppo- 

sed in the present case. The value of 10.8 eV is the 
Table i one suggested by MULLIK]~ in similar cases [4]. The 

Integrals and "core" para- following values of Slater exponents were found to 
meters used in the calculation /or tt~CN give the fitting of the coulombic repulsion integrals at 

r = 0 to the I-A values: ~c = 1.04, ~N = 1.22, ~H = 

(~N ZN [~N ZN) 12.98 eV 0.756. The fl integrals are taken simply proportional to 
(~ zl@r~ zl~) 11.08 eV 
(lSHtSHIlSHlS.) 12.86 eV the overlap S on the basis of fl = - -  2.39 eV for S = 
IN 13.84 eV 0.25. 
Ic 11.54 eV The value of riCH is in this way larger than the one 
I , *  10.80 eV used in [5] in consequence again of the larger HCH 
flCN* - -  3.74 eV angle implying a larger group overlap. In  any case 
flex* - -  4.78 eV 

preliminary calculations have shown that  small diffe- 
* See text. rences in the choice of fi values do not affect greatly 

the results. 
A few calculations with different methods seemed desirable in order to compare 

the results. Calculations have been made for this purpose by  theLoxGc~T-I ImGI~s  
and PoPL~ method [2] and by  the perturbation t rea tment  due to McLAc~LA~ [3] 
applied to the LOXGVET-HmGI~S-POPL~ wave functions. The effect on the resulting 
wave functions of neglecting nuclear attraction integrals has also been investigated. 
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Results and discussion 

Most of the calculations were made with the aid of the Elea 6001 computer of 
the Padua University. 

The results of the various calculations are reported in Tab. 2. Spin densities 
OH calculated by the various methods are shown together with the corresponding 
coupling constants aH obtained from the 
relation : 

a'H = QH QH 

with 
8 ~ (18ul -- I sH2)2 

QH= ~-gtt  flH (2--2S) 

whose value is 319 gauss in the present 
case. 

Inspection of the results shows, as 
already anticipated, that the model is 
adequate for explaining the proton coup- 
ling in this molecule. 

The simple Hiickel procedure whose 
result has been included for comparison 
purposes gives the poorest agreement. 
The complete configuration interaction 
wave function (based on closed shell SCF 
orhitals) gives excellent agreement with 

Table 2 

Method * 

H ~ C K E L  a 
LONGUET-HIGGINS ~ 
McLACHLAN b 

Closed Shell SCF b 
C.I.  b 
L O l g G U E T - H I G G I N S  c 

[~/[cLAc]=ILAN c 

Closed Shell SCFo 
C./.o 
Experimental 

@H aH 

.200 63.8 

.3i2 99.5 

.280 89.5 

.312 99.5 

.267 85.2 

.335 i07A 

.302 96.3 

.306 97.8 

.270 86A 
87.4 

* See  t e x t  

P a r a m e t e r s  u s e d :  t i c s  = 2 t ics; 
a H =  a c - -  0 .5  t i c s ;  aN = a c  + 0 .5  t i c s  

b W i t h o u t  N u c l e a r  A t t r a c t i o n  I n t e g r M s  

o W i t h  N u c l e a r  A t t r a c t i o n  I n t e g r a l s  

the experimental value showing once more the almost absolute necessity of inclu- 
ding configuration interaction in spin density calculations. 

The LONGUET-HmGIXS wave function,even if corrected by the MCLACgLAX 
perturbation, brings into the result the somewhat artificial way in which it is 
constructed, in so far as the more rigorous calculation including nuclear attraction 
integrals gives a worse agreement. In the complete C.I. calculation, instead, the 
introduction of nuclear attraction integrals produces a certain improvement even 
if not very significant. 

The above calculation is not suitable to predict an absolute value for the 
nitrogen atom coupling constant for which a treatment considering also 2s and 
is electrons should be made. 

The semiempirical procedure of using the calculated oN together with an appro- 
priate Q in a McCoxXELL'S type relationship can however be employed. One could 
t ry for example the equation employed by RIEGE~ and FRaE~K~L [8] for the 
nitrile anion systems : 

Ar N 
aiv = (px  + Q~c) @iv + Qcx @c (2) 

where for the nitrile systems : 

N pN + Q~'c = -+ (23.1 _+ 1.4) gauss 
and 

N Qc.~T =- ~- (6.8 _+ 2.2) gauss, 

fitted for use with McLAc~LA~ type spin densities. In  our results @iv and @v 
are respectively 0.77, --0.04 from the complete C.I. calculation; and 0.73, 0.007 
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f rom the  McLActILAN per tu rba t ion .  The resul t ing values  of aN are a round  17 gauss ,  
more  t h a n  50% off the  exper imenta l  value.  Considering however  t h a t  t he  empi r i -  
cal cons tan t s  in (2) were ob ta ined  for ni t r i le  sys tems and  t h a t  the  expe r imen ta l  
sp l i t t ing  is no t  ve ry  accura te  indeed [1], one feels t h a t  t he  men t ioned  assigne- 
men t  of the  coupling cons tan t  to n i t rogen is just if ied.  
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