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Ab initio calculations of all the nuclear magnetic resonance (NMR) indirect nuclear spin-spin 
coupling constants in the HN3 molecule and in four isomers of CH2N2 are described. For each 
molecule, SCF and two multiconfiguration self-consistent field (MCSCF) wave functions that take 
into account valence shell correlation effects are applied. All mechanisms contributing to the 
coupling constants are included. While the SCF results are meaningless, the agreement of the 
correlated values with those known from experiment is satisfactory. Our most accurate calculations 
are carried out with the wave functions previously used successfully to compute the NMR shielding 
constants. All parameters determining the NMR spectra of these molecules have thus been obtained 
at uniform accuracy from the same reference wave function. 

I. INTRODUCTION 

The nuclear magnetic resonance (NMR) spectrum of a 
molecule can be described in terms of the nuclear shielding 
constants and the nuclear spin-spin coupling constants. Per
turbation theory equations needed to determine these mo
lecular properties were presented by Ramsey over 40 years 
ago.1,2 However, it is only recently that the development of 
ab initio methods has enabled calculations on polyatomic 
molecules. For shielding constants the computational prob
lems at the self-consistent field (SCF) level have been 
solved, and within this approach quite accurate results can be 
obtained even for large molecules. At the same time, various 
methods that incorporate correlation effects have been devel
oped and successfully applied to molecules that are not well 
described in the SCF approximation (see Ref. 3 for recent 
reviews). Linear response theory for MCSCF (multiconfigu
ration SCF) wave functions4-7 has been successfully applied 
to calculate various magnetic properties, including the NMR 
shielding constants.s In particular, we have used MCSCF 
wave functions to analyze nitrogen shieldings in HN3 and 
four isomers of CH2N2 (Ref. 9). In this paper we present an 
application of the same approach to the calculation of the 
spin-spin coupling constants in these five molecules. 

It has been recognized for a long time that Hartree-Fock 
theory does not give satisfying results for spin-spin coupling 
constants. Restricted SCF wave functions are often unstable 
with respect to triplet excitations, and these usually make the 
most important contributions to the coupling constants. Per
turbation schemes using configuration interaction (CI) func
tions and a finite-field approach have been used to bypass 
this problem (see the reviews by Kowalewski).lO,ll MCSCF 

functions have also been used to compute the coupling con
stants, both in the finite field 12 and in the analytic approach. 13 
However, in these early applications small basis sets and/or 
short CI expansions were employed. 

Other methods that incorporate correlation effects have 
also been used in the calculations of spin-spin coupling con
stants. For details we refer to a series of annual reviews on 
NMR,14 and to the 1993 review by Contreras and Facelli.15 
Accurate results have been obtained in various polarization 
propagator approaches, see Refs. 16-18 and references 
therein. Most of the ab initio results so far are for diatomics 
or other small molecules. A systematic study of coupling 
constants in polyatornic molecules has been carried out by 
Galasso and Fronzoni. 19-22 The equations of motion (EOM) 
method used by these authors includes the most important 
correlation effects, and we will compare our results with 
theirs when possible. 

Recently, modem MCSCF linear response methods have 
been employed in calculations of spin-spin couplings in 
small molecules,z3-25 In this work, we adopt this approach 
and use MCSCF functions previously employed in calcula
tions of shielding constants. In this way, all the parameters 
characterizing the NMR spectrum can be computed from the 
same unperturbed reference wave function. Moreover, the 
calculations have been performed for a set of five isoelec
tronic molecules, using the same approximation for each 
MCSCF wave function. In total, we compute 31 spin-spin 
coupling constants. All the terms (mechanisms) contributing 
to the coupling constants have been consistently included, 
even though in many cases sufficiently accurate values could 
be obtained at lower levels of approximation. 
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II. THEORY 

We use the standard form of the perturbing operators, 
appropriate for nonrelativistic wave functions. The spin-spin 
coupling constant between atoms Nand N' is calculated as a 
linear response property. The second-order perturbation cor
rection to the energy is 

£(2)= L INJNN,IN', (1) 
N,N' 

where J NN' is the spin-spin coupling constant and IN de
notes the nuclear spin. More generally, the spin-spin cou
pling is described by a tensor J NN' ,ij where the subscripts ij 
denote the components. There are very few experimental 
data for the individual components and we shall discuss only 
the average value (I/3 of the trace of the tensor). Hence, we 
omit these indices. 

The spin-spin coupling constant is a sum of four contri
butions, the so-called dia- and paramagnetic spin-orbit 
(DSO and PSO), spin-dipole (SD), and Fermi contact (FC) 
terms23,26 

(2) 

The first term JOso is computed as an average value of the 
perturbation operator H oso bilinear in IN and IN' 

e2 (JLo)2 
Hoso= 2m 47T L 'YN'YN' 

e nNN' 

(IN' IN' )(r nN' r nN') - (IN' r nN' )(IN,· rnN) 
X 3 3 

rnNrnN, 

(3) 

The other operators relevant for the calculation of J NN' are 

(4) 

(5) 

and 

(6) 

where InN = r nN X P n is the orbital angular momentum of 
electron n with respect to nucleus N and the other symbols 
have their usual meaning. 

The perturbation operators (4)-(6) are linear in IN, and 
the corresponding contributions to the isotropic spin-spin 
coupling constant are therefore proportional to the second
order energy corrections 

(7) 

where V denotes H pso, H so' or H Fe and ~ ; p the linear 
response function. More details are given in Ref. 23. To COffi-

pare coupling constants involving different nuclei or iso
topes, it is convenient to analyze the so-called reduced cou
pling constant26 

(8) 

All our results will be given for IH, J3C, and 15N, whose 
magnetogyric ratios 'YN are 26.7522, 6.7283, and -2.7126 
(all in 107 rad s-I T- 1). We use the established notation 
n J(XY), where the superscript indicates that there are n 
bonds between X and Y. We prefer to use the symbols X and 
Y to avoid confusing N with the nitrogen atom. 

III. COMPUTATIONAL ASPECTS 

As stated above, we investigate the same molecules for 
which we have previously calculated the NMR shielding 
constants.9 Following the convention in Ref. 9, we use the 
following symbols for the CH2N2 isomers: H2CN2 for diaz
irine (C, N, and N atoms form a triangle), H2CNN for diaz
omethane (H2C N N structure), H2NCN for cyanamide 
(corresponding to H2N-C==N), and finally HNCNH for car
bodiimide (HN=<: NH). 

We have used the (11 s7 p2dl6s2p) contracted to 
(7 s6p2dl4s2p) basis called H III in Ref. 9. Calculations on 
diazomethane have shown that the coupling constants calcu
lated with this basis and with the smaller H II basis differ 
significantly, in contrast to the shielding constants. There
fore, we have not used the H II basis in this study and basis 
sets other than H III were only employed in test calculations 
on HN3 (see below). We have not analyzed the geometry 
dependence of the coupling constants, a single geometry 
taken from experiment or other ab initio calculations has 
been used for each molecule. A detailed description of the 
basis set and the geometries is given in Ref. 9. 

For each molecule we have carried out calculations at 
three levels of approximation. The first calculation is at the 
SCF level, the other two use MCSCF reference wave func
tions. As discussed in Ref. 9, all molecules have two corre
lating natural orbitals with large occupation numbers at the 
second-order M!6ller-Plesset level. A simple explanation for 
this is that in a linear X-Y -Z chain (X,Y,Z=C or N) we 
would have four occupied and two unoccupied 7T orbitals. 

The first correlated wave function is a CAS-SCF (com
plete active space SCF) function whose active space contains 
the occupied valence SCF orbitals and these two in addition. 
It will be called CAS-O, and it provides the first reasonable 
aproximation for the analysis of the coupling constants. In 
the last calculations we use RAS-SCF (restricted active space 
SCF) functions, where in addition to the orbitals included in 
CAS-O (now constituting the RAS 2 subspace of arbitrarily 
occupied active orbitals) we include the remaining valence 
orbitals in the so-called RAS 3 subspace, with a maximum 
occupation of two electrons. This is the RAS-I level of Ref. 
9, and we retain this acronym. For each molecule we have in 
the CAS-O function 3 inactive and 10 active orbitals, with 16 
active electrons. In RAS-I, there are in addition in RAS 3 
subspace three orbitals for HN3 and four for CH2N2 • 

As discussed in Ref. 9, the SCF and RAS-I energies 
compare well with literature data. For completeness, we re
port the CAS-O energies: HN3 , - 164.0128; cyanamide, 
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TABLE I. The Fermi contact contribution to the spin-spin coupling con
stants in HN3(H-N.-Nb-Nc).a 

N. Nb Nc 

H 
CAS-O -67.62 7.91 -4.69 
RAS-a -67.26 5.56 -4.36 
RAS-I -57.98 3.76 -3.92 
CAS-v -57.09 3.63 -3.86 

N. 
CAS-O * -8.86 0.93 
RAS-a * -10.36 0.61 
RAS-I * -10.47 -0.23 
CAS-v * -10.53 -0.27 

Nb 
CAS-O * -1.31 
RAS-a * -3.87 
RAS-I * -5.49 
CAS-v * -5.60 

'All the constants are J(Xy) given for 13C, ISN, and IH nuclei in Hz. The 
following symbols are used in the tables: -; for a constant equal by sym
metry to another value, *; for the coupling of a nucleus with itself (no 
physical meaning, not computed), ( ); for estimates based on experimental 
data for other molecules, (-); for minus sign not directly determined. 

-148.0532; diazomethane, -147.9982; diazirine, 
-147.9742 and carbodiimide, -148.0338 a.u. The correla-
tion energy obtained at the CAS-O level is approximately 
40% of RAS-I correlation energy. The energy differences 
between cyanamide and its isomers are close to RAS-I val
ues for H2CNN and H2CN2, for carbodiimide there is a de
viation about 20 kl/mol. 

IV. RESULTS AND DISCUSSION 

A. Accuracy of the computed spin-spin coupling 
constants 

For the HN3 molecule we have analyzed in some detail 
the dependence of the coupling constants on the basis set and 
the active space. We have concentrated on the FC contribu
tions, for which more than 15 different calculations have 
been performed. 

All the SCF results for the FC terms are meaningless. 
For example, for one of the basis sets the absolute values for 
all the constants exceed 300 Hz. On the other hand, all 
MCSCF calculations give contributions of the right order of 
magnitude. 

Table I shows a typical example. All these calculations 
have been performed with a smaller (8s4p2dI4s1p) basis. 
For the N atom this basis is taken from Ref. 16, with the 
most diffuse d function not included, and the H basis is taken 
from Ref. 25. Two values for each constant have been ob
tained with our standard CAS-O and RAS-I choice of active 
space. The differences between these values and the CAS-O 
and RAS-I results for the FC contribution in the H III basis 
are negligible for the N-N coupling, for the H-N coupling 
the H III results are - 10% larger. 

For HN3 molecule, the CAS-O and RAS-I active spaces 
can be described as (3,010,0/7,3/0,0) and (3,010,0/7,3/3,0), 
respectively. We here use the notation (inactivelRAS lIRAS21 

RAS3), specifying for each subspace the number of orbitals 
symmetric and antisymmetric with respect to the molecular 
plane of symmetry. The RAS-l subspace has a predefined 
maximum number of holes. Our results designated RAS-a 
correspond to a RAS calculation with a (5,0/3,1/3,2/0,0) ac
tive space with four holes in RAS 1. In the last calculation, 
called CAS-v, we used the full valence space CAS-SCF 
function, corresponding to (3,010,0/10,3/0,0) active space. 
This is a rather large calculation, containing more than 
800 000 determinants in the CI expansion. For comparison, 
the CAS-O function includes 1017 determinants, the RAS-a 
function 3430, and the RAS-I function more than 110 000. 
The results in Table I show for all the FC contributions con
vergence towards the CAS-v values. The CAS-O and RAS-a 
results are in many cases similar, the RAS-I values are much 
closer to valence CAS-SCE All the other correlated calcula
tions gave similar results, with no other choice of active 
space or basis set leading to any significant changes or im
provement. 

For the calculation of spin-spin couplings more tight 
s-type atomic orbitals are needed than for other properties, 
because of the presence of the ~ riA) operator in H Fe, see 
Ref. 17. We included such functions in some of our test 
calculations, and found that the results were similar to H III 
basis results. 

We have also performed some additional calculations for 
the DSO, PSO, and SD contributions. The CAS-O and RAS-I 
results do not differ significantly for these contributions, and 
similar values were also obtained with the other correlated 
calculations. 

The total energies and NMR shielding constants com
puted in Ref. 9 indicate that the RAS-I functions provide a 
good approximation to the full valence-shell CAS-SCF wave 
function for all five molecules. Our calculations on HN3 in
dicate that the RAS-I values also provide a good approxima
tion to the full-valence CAS-SCF results for the spin-spin 
coupling constants. 

B. Comparison with other calculations 

The DSO contributions to the spin-spin coupling con
stants for three of the molecules--<iiazomethane, diazirine, 
and cyanamide-have been computed by Scuseria,z7 For 
H2CNN and H2CN2 our results agree very well with his; for 
H2NCN they differ because of a significant difference in ge
ometry (Scuseria considered a planar geometry). 

Except for these calculations of lDSO, there are very few 
data available for comparison. For diazo methane another ab 
initio calculation has been carried out,20 and in addition there 
are some semiempirical results. In Table II we list the avail
able results for the four largest couplings. Our results for 
C-Ha and Ha-Hb coupling are in better agreement with ex
periment than Galasso and Fronzoni's,20 presumably because 
our basis set for H atom is better. The difference between our 
and their results for leNa - N b ) comes from the FC contri
bution, which is -3.46 in our RAS-I, and +5.93 Hz in Ref. 
20. Since the sign of the experimental value is not known, it 
is difficult to judge which calculation is more accurate in this 
case. 
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TABLE II. Spin-spin coupling constants in diazomethane (H2C-N.-Nb).' 

C-N. N.-Nb C-H. H.-Hb 

INDO-CI -9.94b -12.28b 148c 13.64c 

INDO-~ -57.9 n.a! 216.7 n.a. 
EOM( -28.54 4.83 175.32 0.10 
RAS-Js -29.58 -4.44 199.72 -4.76 
Expt. -23.9h ±7.5 i ± 195.1c ±4.56c 

'See footnote a of Table I. fReference 20. 
bFrom 14N data, Ref. 28. SThis work. 
<Reference 29. hReference 3 I. 
dFrom 14N data, Ref. 30. iReference 32. 
<n.a.-not available 

C. Analysis of individual contributions 

The DSO contribution is significant only for the proton
proton couplings [three geminal constants and 4J(HH) in 
HNCNH]. However, in each case it is almost cancelled by 
the PSO contribution. For example, in H2NCN the DSO and 
PSO contributions are -5.50 and 6.01 Hz, respectively, in 
HNCNH - 2.35 and 2.40 Hz. For any pair of nuclei other 
than H-H, the largest DSO contribution is less than 1 Hz. 
The importance of the DSO contribution for H-H coupling 
has been noticed previously.27 

The PSO and SD terms are also important for most of 
the IJ(CN) and IJ(NN) constants, often contributing 20%-
30%. An extreme case is the N-N coupling in diazirine, 
where the PSO contribution is -8.50 Hz, and the total con
stant is - 11.21 Hz. It should be noted that for the molecules 
in this study these are mainly couplings across a multiple 
bond. For single C-N and N-N bonds the magnitude of 
individual contributions may differ. 

It is more difficult to estimate the role of PSO and SD 
terms for n J(XY) constants, n~2, where the values are much 
smaller and the differences between various results more sig
nificant. The one-bond constants IJ(HC) and IJ(HN) appear 
to be easiest to compute-for these constants, only the FC 
term is important. 

D. Comparison with experimental spin-spin coupling 
constants 

In Tables III-VII we present the main results of our 
calculations and compare them with available experimental 
data. For many of the constants, there are no experimental 
values since they are not easily accessible by experiment. 
There are two main reasons for this-the first is the low 
natural abundance of atomic isotopes of interest. For ex
ample, due to low natural abundance the J3C_15N constants 
are not usually observed in the spectrum. The second diffi
culty is that the coupling between magnetically equivalent 
nuclei is not seen in the standard spectrum. Thus, the N-N 
and H-H coupling constants in H2CN2 are not directly ac
cessible. (In HNCNH the atoms are magnetically nonequiva
lent because there are two different N-H coupling constants, 
so this is not an A 2B 2 but an AA ' B B' spin system. Unfor
tunately there is no NMR spectrum of this molecule.) More
over, even when the magnitude of the spin-spin coupling 

TABLE III. Spin-spin coupling constants in HN3 (H-Na-Nb-Nc)" 

Na Nb Nc 

H 
SCF 317.20 463.57 -471.17 
CAS-O -77.16 9.80 -4.96 
RAS-J -66.60 5.10 -4.34 
Expt. ±70.18b ±2.26b ±2.25b 

Na 
SCF * -496.46 633.17 
CAS-O * - 11.93 4.14 
RAS-I * -13.25 2.56 
Expt. * ±13.95b (± 1.5)C 

Nb 
SCF * 589.94 
CAS-O * 0.58 
RAS-I * -3.90 
Expt. * ±7.2b 

'See footnote a of Table I. 
bReference 33. 
cPhCON3, Ref. 34(b), p. 699. 

constant is known the sign is often not directly available 
from experiment (we used ± to denote that in the tables). 

For many of the constants, we quote experimental esti
mates obtained from the data for "similar" molecules. In 
some cases, the comparison with the computed constant ap
pears to be well justified, in other cases it is questionable. 
However, our intention is to provide for every calculated 
coupling constant an estimate based on experiment. If pos
sible, we have selected experimental results that provide in-

TABLE IV. Spin-spin coupling constants in diazomethane (H2C-Na-Nb).' 

Na 

C 
SCF -21.76 
CAS-O -37.77 
RAS-r -29.58 
Expt. -23.9b 

Na 
SCF * 
CAS-O * 
RAS-I * 
Expt. * 
Nb 
SCF 
CAS-O 
RAS-I 
Expt. 

Ha 
SCF 
CAS-O 
RAS-I 
Expt. 

'See footnote a of Table I. 
bReference 31. 

Nb 

118.68 
-1.40 

0.68 
(±3.2)C 

35.27 
-0.54 
-4.44 
±7.5" 

* 
* 
* 
* 

C(C2HsOOC)(H)C=N=N, Ref. 34(a), p. 450. 
dReference 29. 
eReference 32. 

147.99 
233.51 
199.72 

± 195.1d 

9.23 
3.15 
0.56 

±0.14d 

-46.63 
0.46 
0.08 

± I.lOd 

* 
* 
* 
* 

38.60 
-9.05 
-4.76 
±4.56d 
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TABLE V. Spin-spin coupling constants in diazirine (H2CN2).' 

Na Nb Ha Hb 

C 
SCF 6.85 235.59 
CAS-O 7.36 234.00 
RAS-I 7.51 216.69 
Expt. ( +7.3)b (± 167)C 

(±207.2)d 

Na 
SCF * -42.32 -1.97 
CAS-O * -11.58 -2.35 
RAS-I * -11.21 -2.70 
Expt. * (±14.6)< ( -1.7)f 

Ha 
SCF * 6.38 
CAS-O * 4.23 
RAS-I * 9.40 
Expt. * (±5.5)g 

(± 16.5)h 

'See footnote a of Table I. 
bSubstituted aziridine, values in the range from + 5.2 to + 8.2, Ref. 35. 
CCyciopropene, Ref. 36, p. 45 I. 
dl, 3, 5-triazine, Ref. 37, p. 271. 
<Substituted -N N-, Ref. 34(b), pp. 696 and 697. 
fSubstituted aziridine, values in the range from (- )0.7 to (-)4.9, Ref. 38, p. 
202. 

gEthylene oxide, Ref. 10, p. 36. 
hRN==CH2' Ref. 39, p. 102. 

fonnation about the sign of a constant. In a few cases, for 
nJ(X,Y), n~2, a reasonable estimate is apparently obtained 
by assuming that the intennediate nitrogen atom(s) can be 
interchanged by an isoelectronic CH group(s). Such relations 
between experimental values have been noticed.37 

There are many empirical "rules," which relate various 
constants to such aspects of molecular structure as hybridiza
tion, geometrical arrangement of lone pairs, electronegativity 
of substituents, etc., see, e.g., Refs. 26, 34, 38, 42, 44, 45. 
They usually apply only to a selected series of compounds or 
particular coupling constants, and their usefulness for the 
molecules we study is limited. For example, some of the 
rules for one-bond coupling constants determine 'K(Xy) as 
proportional to the %s character of the X and Y atoms, as
suming spn hybridization. However, only the FC tenn is re
lated to s character, and for N-X coupling the other tenns 
are considerably more important than in C-H and C-C cou
pling. 

According to Jameson,26 the 'K(CH) and 'K(NH) con
stants should be positive. This is confinned, as we find all 
'J(CH»O and 'J(NH)<O (for '5N,y<O). With the exception 
of diazirine, all'J(CN) constants are negative. For 'J(CN) in 
this molecule, the dominating FC tenn is positive. All the 
calculated 'J(NN) constants are negative. A similar result has 
been obtained by Galasso?2 In his study of a series of mol
ecules all but one 'J(NN) are negative. In agreement with 
another empirical rule, the calculated one-bond coupling 
constants are generally much larger than the other constants. 
Finally, we have noticed that for one-bond coupling across 
double and triple bonds, the anisotropy is usually of the same 
order of magnitUde as the trace, often even larger. 

TABLE VI. Spin-spin coupling constants in cyanamide (H2Na-CNb ).' 

Na Nb Ha 

C 
SCF -35.76 -68.03 -27.28 
CAS-O -34.72 -38.44 -13.71 
RAS-I -25.91 -26.65 -8.11 
Expt. ( -36.2)b (-17.5)" (-9.9)d 

Na 
SCF * -1.77 -94.17 
CAS-O * -1.53 -93.04 
RAS-I * -2.13 -81.47 
Expt. * (±3.5)< ±88.0f 

( -78)g 

Nb 
SCF * -7.21 
CAS-O * -1.94 
RAS-I * -1.58 
Expt. * ( -1.6)h 

Ha 
SCF * 
CAS-O * 
RAS-I * 
Expt. * 
'See footnote a of Table 1. 
b(Ph)(Me)-N-~-Me, Ref. 36, p. 513, (-) in the reference. 
cCH3CN, Ref. 40. 
dH3CCN, Ref. 36, p. 468, (-) in the reference. 
"R2NCN, Ref. 34(c), p. 76. 
fReference 41. 
gAniline, Ref. 34(a), p. 402, (-) in the reference. 
hCH3CN, Ref. 40. 
;NH3 , Ref. 42. 

-21.23 
-17.83 
-12.69 

( -10.4); 

A comparison of the CAS-O and RAS-I results with ex
periment for HN3 and H2CNN suggests that the correlation 
effects are slightly underestimated even at the RAS-I level. 
This is supported by the HN3 results in Table I-all the 
RAS-I values for FC fall in between the CAS-O and CAS-v. 
It is also consistent with the definition of RAS-I active space, 
which similarly to CAS-v includes all the valence orbitals. 

V. CONCLUSIONS 

The calculation of spin-spin coupling as a linear re
sponse property is analogous to calculations of other second
order properties, such as the electric polarizability. It is sim
pler than calculations of magnetic properties using field
dependent basis sets. A major problem is that there are 13 
response equations to be solved for each nucleus: 3 for the 
PSO contribution, 9 for the SD tenn, and 1 for the FC tenn. 
The calculations therefore become time consuming for a 
poly atomic molecule, in particular when the coupling con
stants for all atoms are required. A possible solution is to 
compute all the required constants using a fairly simple ap
proximate wave function (like our CAS-O), and to recompute 
with a better wave function only the important contributions. 
This is the approach we have used for cyclopropene.25 For 
the constants studied here we find that only the FC response 
equations would have to be solved in the more accurate 
scheme. Nevertheless, even for a crude estimate of the im
portant tenns, correlated functions are required. The largest 
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TABLE YII. Spin-spin coupling constants in carbodiirnide 
(HaNo-C-NbHb)" 

No Nb Ha 

C 
SCF -40.32 -17.04 
CAS-O -37.74 -6.05 
RAS-J -28.71 0.09 
Expt. (:t21.3)b ( -3.9)° 

( +3.8)d 

No 
SCF * 9.05 -88.11 -11.51 
CAS-O * 4.89 -90.36 -5.65 
RAS-J * 3.76 -79.30 -4.11 
Expt. * (:t5)e (-93)f ( -3.5)h 

(-50)8 

Ho 
SCF * -16.07 
CAS-O * -9.67 
RAS-J * -6.92 
Expt. * (-7.10)i 

'See footnote a of Table I. 
bHN=C (NHz) NHR, Ref. 34(a), p. 437, R=(CHzhCH(NHz)COOH, (N-C 
interchanging with N=C). 

cH1C=C=CH2 • Ref. 43. 
dPyrrole, 2J(CH) through N, Ref. 36, p. 474. 
eR-N=N-CN. Ref. 34(c), p. 76. 
fHN=C(NHz) NHR, Ref. 34(b), p. 613, R=(CH2hCH(NH2)COOH. 
8Ketirnines, R2C=NH, Ref. 34(c), p. 70. 
hN I-H4 in substituted imidazole, Ref. 34(b), p. 634. 
'H1C=C=CHz, Ref. 43. 

difference for any constant and any contribution except FC 
between our CAS-O and RAS-I results was only 0.56 Hz, 
while between SCF and RAS-I it was over 100 Hz. 

In many cases, the theoretical result permits an assign
ment of the sign of the coupling constant. There is no indi
cation in our calculations that any predicted sign is in error. 
In each case when the experimental sign is known we agree 
with it. When it is not known and our numerical value is in 
agreement with the experimental value, the sign can be un
ambiguously defined on the basis of the calculations. Only 
for very small coupling constants the sign assignment based 
on our results should be taken with caution. 

To summarize, we have obtained reasonable results for 
31 coupling constants in five molecules. We have computed 
all the contributions (DSO, PSO, SD, and FC) using MCSCF 
reference wave functions that describe the valence shell cor
relation effects. The results indicate that it is possible to ob
tain accurate and reliable values of spin-spin coupling con
stants within this approach. The wave functions employed in 
this study have previously been used in corresponding calcu
lations of the shielding constants. It is thus possible to deter
mine in a systematic manner all the parameters entering the 
effective spin-Hamiltonian of NMR. 
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